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Supplement 1:  Study Protocol & Statistical Analysis Plan 9 

Original Protocol 10 

Acupuncture for Prevention of Radiation-induced Xerostomia (RIX) in Cancer Patients:  Randomized, 11 
Sham-controlled Trial 12 

1. SPECIFIC AIMS 13 

Xerostomia (dry mouth) is a common problem among cancer patients who have received radiation treatment to 14 
the head and neck. Xerostomia often severely impairs quality of life (QOL), and available treatments have a 15 
low success rate. Patients suffering from radiation-induced xerostomia experience taste aberrations, 16 
dysphagia, odynophagia, difficulty sleeping and speaking, and loss of appetite. Such changes can lead to 17 
substantial nutritional deficits that can be difficult to reverse. Several pharmaceutical approaches to treatment, 18 
including saliva substitutes, chewing gum, lozenges, pilocarpine, and amifostine, have yielded limited results. 19 

 20 
Studies conducted in the United States and Europe suggests that acupuncture is useful for treating radiation- 21 
induced xerostomia. No studies, however, have examined the use of acupuncture to reduce the severity of 22 
radiation-induced xerostomia or measured the duration of response to acupuncture treatment. Initial research 23 
conducted at The University of Texas M. D. Anderson Cancer Center (M. D. Anderson) and collaborative 24 
research at Fudan University Cancer Hospital (Fudan Cancer Hospital) in Shanghai, China, found that 25 
acupuncture can diminish symptoms in patients with xerostomia and could prevent the severity of xerostomia 26 
symptoms and improve quality of life in patients undergoing radiotherapy. 27 

 28 
The proposed multi-center, randomized, placebo-controlled, single blind trial will examine the effectiveness of 29 
acupuncture at preventing radiation-induced xerostomia in patients undergoing radiotherapy for head and neck 30 
cancer at M. D. Anderson or nasopharyngeal carcinoma (NPC) at Fudan Cancer Hospital. Prior to receiving 31 
radiation treatment, patients will be randomized to one of three groups: Group 1 (G1) will receive true 32 
acupuncture, Group 2 (G2) will receive sham acupuncture, and Group 3 (G3) will receive standard care during 33 
the radiation treatment period. Subjective and objective measures of xerostomia will be collected prior to, 34 
during, and at the end of the radiation treatment period as well as 3, 6, and 12 months later. The aims of this 35 
study are to: 36 
 37 
PRIMARY AIM 38 

1.  Determine if true acupuncture is more effective than sham acupuncture or standard care for preventing 39 
radiation-induced xerostomia among cancer patients at M. D. Anderson and Fudan Cancer Hospital. The 40 
primary outcome will be self-reported xerostomia symptoms using the Xerostomia Questionnaire (XQ). 41 

 42 
SECONDARY AIMS 43 

1. Examine group differences in salivary flow rates using unstimulated and stimulated whole saliva flow rates. 44 
This will provide a more objective measure of salivary function. 45 

2. Determine if true acupuncture is more effective than sham acupuncture or standard care for reducing the 46 
incidence of radiation-induced xerostomia. 47 

3. Examine whether true acupuncture results in better overall quality of life than sham acupuncture or 48 
standard of care. 49 

4. Determine acupuncture’s effects on saliva-based factors including pH, buffer capacity, and viscosity as well 50 
as levels of total protein and the neuropeptides calcitonin-gene-related peptide (CGRP) and vasoactive 51 
intestinal polypeptide (VIP). 52 

5. Examine the role of expectancy for the benefits of acupuncture in predicting outcomes.  The role of 53 
expectancy as a moderator of the effects of treatment will be thoroughly examined. 54 
 55 

2. RESEARCH STRATEGY 56 
 57 
A. Significance 58 

The proposed research is important for several reasons. The salivary glands are uniquely sensitive to damage 59 
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from irradiation, and the development of radiation-induced xerostomia is clearly related to the exposure of 60 
salivary tissue. Mean parotid radiation doses >35Gy result in permanent xerostomia for most patients with no 61 
meaningful likelihood for recovery (1). Reduction in salivary flow begins during the first few days of treatment, 62 
with an 80% decrease noted at 6 weeks. In addition to a decrease in volume, other quantitative changes noted 63 
are a decrease in salivary pH, an increase in viscosity, and a reduction of salivary constituents (i.e., 64 
immunoglobulins, buffering capacity, small organic molecules) (2, 3). 65 

 66 
Due to the high prevalence of smoking in China (4), head and neck cancer rates are high. In China, the 67 
incidence of nasopharyngeal cancer (NPC) is higher than in Western countries (5, 6). Available statistics 68 
indicate that the incidence of head and neck cancers in Shanghai is 14.1/100K and 6.5/100K for men and 69 
women, respectively (7). Among these, approximately 1000 are treated annually with radiation therapy at 70 
Fudan Cancer Hospital, and almost all patients receiving radiation to the head and neck area develop 71 
xerostomia. Furthermore, in the United States, nearly 40,000 patients are diagnosed annually with head and 72 
neck cancer, and approximately 80% will receive radiotherapy (8). In FY08, more than 1000 patients  73 
diagnosed with head and neck cancer were seen at M. D. Anderson and 466 underwent radiation treatment. 74 

 75 
During the past decade, several new strategies to prevent radiation-induced xerostomia have been 76 
investigated including: 1) improved targeting of the radiation beam through intensity-modulated radiation 77 
therapy (IMRT); 2) development of radioprotective agents such as amifostine, and; 3) new surgical techniques 78 
that involve relocation of the submandibular gland to the submental space before radiation treatment. These 79 
approaches are limited by several factors, including technological constraints, primary site of disease, and 80 
proximity of the tumor and involved lymph nodes to the parotid glands. Treatment for xerostomia is, at best, 81 
palliative for symptom relief. Several approaches, including saliva substitutes, chewing gum, lozenges, 82 
pilocarpine, and amifostine, have been attempted with limited results and low acceptance due to unpleasant 83 
side effects (9-17). Also, pilocarpine is not commonly used in China, where there is currently no widely 84 
accepted treatment for radiation-induced xerostomia. Although IMRT has been shown to reduce the incidence 85 
of late grade 2 xerostomia (18, 19), all patients do not receive IMRT, and it is not commonly available in many 86 
areas of China. Also, IMRT only partly spares the parotid glands and minor salivary glands within the oral 87 
cavity; thus, the development of xerostomia remains high (20-24). In a pilot trial at M. D. Anderson 88 
investigating the use of acupuncture to treat radiation-induced xerostomia (25), most participants had received 89 
IMRT, yet these patients still benefited from the acupuncture treatment (see Preliminary Studies C.8). 90 

 91 
Acupuncture therapy has been practiced in China and other regions for thousands of years. According to the 92 
World Health Organization, it is used in at least 78 countries worldwide (26). The therapeutic effects of 93 
acupuncture treatment range widely, and Eastern cultures commonly use it for a variety of conditions from 94 
alleviation of general fatigue to the treatment of specific diseases (27). According to traditional Chinese 95 
medicine (TCM), acupuncture points are specific sites along meridians that are related to internal organs. 96 
Modern anatomical and physiological studies have found that these acupoints are areas on the skin surface 97 
with lower electrical resistance and increased conductance compared to that of their immediate environment 98 
(28). Some studies have shown that acupuncture points correspond to peripheral cranial and spinal nerve 99 
endings (29). To stimulate these points, the most common technique remains penetration of the skin by thin, 100 
solid, metallic needles, which are manipulated manually or by electrical stimulation. 101 

 102 
From a TCM perspective, loss of body fluids is considered a Yin deficiency syndrome (30). Although Yin 103 
deficiencies may be related to various organ systems, xerostomia is primarily considered a deficiency of the 104 
Stomach and/or Kidney Yin. Individual patients may concomitantly exhibit signs and symptoms of Lung Yin, 105 
Heart Yin, and/or Qi-Blood deficiencies as well as any number of other underlying imbalances. Most 106 
xerostomia studies conducted to date that base acupuncture point selection on classical TCM theory have 107 
been designed to address Stomach and/or Kidney Yin deficiency and “clear heat.” Heat in TCM dries body 108 
fluids and can occur in both excess and deficiency states. In xerostomia patients, excess heat is caused from 109 
the radiation and deficiency heat is caused by the underlying Yin imbalance. 110 

 111 
A number of positive clinical trials (25, 31-41) have been conducted examining the use of acupuncture to treat 112 
radiation-induced xerostomia (See Appendix C for a Table summarizing the findings). However, two systematic 113 
reviews (42, 43) indicated that most of these trials have been small and methodological rigor is often lacking, 114 
indicating the need for larger randomized trials. 115 

 116 
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Neuronal substrates involved in changes in saliva production after stimulation of acupuncture point LI-2 have 117 
been explored by Deng and colleagues (44) using functional magnetic resonance imaging. In this randomized, 118 
sham-controlled cross-over trial, 20 healthy volunteers received both true and sham acupuncture in random 119 
order. Unilateral manual acupuncture was associated with bilateral activation of areas of the brain where 120 
gustatory, olfactory, visual stimuli and signals from expectation/suggestion are integrated. Sham acupuncture 121 
did not produce this effect. Furthermore, true acupuncture caused significantly more saliva production in 122 
participants than sham acupuncture (p=0.02), and there was a positive correlation (r=0.63) between the 123 
amount of saliva produced and changes in the regions of interest volume. This brain imaging trial, along with 124 
the other small positive studies, suggests further research is needed in this area. Finally, there needs to be a 125 
better understanding of the putative biological mechanisms involved in the treatment of xerostomia using 126 
acupuncture. 127 

 128 
This trial seeks to improve scientific knowledge regarding the benefits of acupuncture for xerostomia by 129 
conducting a multi-center, placebo-controlled, phase III clinical trial of acupuncture to prevent xerostomia. In 130 
addition to self-report measures of xerostomia and quality of life (QOL), we will quantify changes in saliva flow 131 
and examine potential mechanisms through quantitative assessment of changes in saliva following 132 
acupuncture treatment. Although other studies (2, 3) have evaluated salivary viscosity, pH, and buffering 133 
capacity related to xerostomia, changes in these measures in response to acupuncture have not been 134 
investigated. We will also expand data from previous acupuncture studies (38, 39) reporting changes in 135 
objective indices by measuring changes in calcitonin-gene-related peptide (CGRP) and vasoactive intestinal 136 
polypeptide (VIP). 137 

 138 
B. Innovation 139 

 140 

Since the mid-1990s, studies conducted by different investigators from both the United States (25, 31, 35, 44-141 
47) and Europe (34, 36-41, 48, 49) have shown that acupuncture can have a positive effect on symptoms 142 
related to radiation-induced xerostomia. Patients have reported relief in as few as 5 treatments with benefits 143 
lasting up to 3 years. Only our two studies (see sections C.8 and C.9), however, have examined whether 144 
acupuncture can prevent this often-debilitating side-effect of radiation treatment from occurring or if it can 145 
diminish the symptoms once it develops. There have also been no large, definitive, phase III placebo- controlled 146 
trials to determine whether acupuncture is an effective treatment for managing radiation-induced xerostomia. 147 

 148 
Most previous trials of acupuncture to treat xerostomia have been single-institution studies. Furthermore, few 149 
studies have examined NPC, as it is not prevalent in Western countries, which is where all the previous 150 
research on acupuncture for xerostomia has been conducted. The proposed trial is unique in that we will 151 
extend the findings from our phase II trial and pilot placebo-controlled trial conducted at Fudan Cancer Hospital 152 
by now conducting a multi-center, placebo-controlled, phase III clinical trial of acupuncture to prevent 153 
xerostomia in patients with NPC and other head and neck cancers (mainly oropharyngeal cancer). The 154 
inclusion of a placebo control group will allow us to more definitively determine the benefits of acupuncture for 155 
preventing this difficult-to-manage side effect of radiotherapy to the head and neck. Examining the effects 156 
within two different cancer populations, at two different centers, in two different countries, will increase the 157 
generalizability of our findings. Importantly, in addition to using validated self-report measures for xerostomia 158 
accepted by the Food and Drug Administration as the “gold standard” for the approval of treatments for 159 
xerostomia, we will assess more general aspects of QOL, assess objective measures of salivary flow, and 160 
quantify changes in potential mechanisms through assessment of salivary constituents. 161 

Another innovative aspect of this study involves evaluation of participant expectations on outcomes. This will 162 
allow further exploration of how psychological phenomena may be related to outcomes in acupuncture 163 
research. Although well-conducted, placebo-controlled clinical trials have offered insights into the efficacy of 164 
acupuncture, the substantial effect seen in many placebo acupuncture groups presents a significant challenge 165 
in interpreting treatment results. Many studies, including several meta-analyses (50-56), have found that both 166 
real and placebo acupuncture produce statistically and clinically significant changes when compared to no 167 
treatment or standard/enhanced medical care. These findings suggest that the effect found in placebo 168 
acupuncture groups cannot be entirely attributed to either regression to the mean or natural disease 169 
processes; thus, the “non-specific” effect of acupuncture must be responsible in part for patients’ clinical 170 
response. Nevertheless, until we can parse the components that make up the “non-specific” effect, this effect, 171 
powerful as it may be, is likely to be discarded from a scientific standpoint. Years of psychological research  172 
has found that expectancy is one of the central pieces in this so-called “non-specific” effect. In particular, 173 
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response expectancy, a form of outcome expectancy defined as “expectations held by the individual about 174 
one’s own emotional and physiological response” related to a situation or therapy, may produce important 175 
clinical changes (57). In a systematic review, Crow et al. (58) showed that when clinicians stated positive 176 
outcome expectations as opposed to uncertain expectations, most studies found improvements in patient self- 177 
reports of anxiety, pain, and distress. 178 

 179 
A few studies have explored the association between expectancy and clinical outcomes in the context of 180 
acupuncture (59, 60). While these studies provided preliminary evidence that greater expectancy may produce 181 
better clinical response, none used a validated instrument to measure expectancy. In the proposed study, we 182 
will use an expectancy questionnaire that has been validated in both English and Mandarin (61). Investigating 183 
expectancy as part of the complex mind-body interactions of acupuncture care will likely yield important 184 
knowledge that is both scientifically sound and clinically meaningful to patients who suffer from xerostomia and 185 
other distressing symptoms. 186 

 187 
C. Approach 188 

 189 

C.1 Overview and Design 190 
 191 
The primary purpose of this trial is to investigate whether true acupuncture is more effective than sham 192 
acupuncture or standard care for preventing radiation-induced xerostomia. Prior to radiation therapy, patients 193 
will be randomized into three groups: G1 (n=100) will receive true acupuncture, G2 (n=100) will receive sham 194 
acupuncture, and G3 (n=100) will receive standard care. Patients in the acupuncture treatment groups will 195 
receive treatments 3 days a week for 6 - 7 weeks. The duration of acupuncture therapy in the proposed study 196 
is the same as in our pilot trials. It has been shown to have a good effect in our phase II trial and small  197 
placebo controlled trial conducted at Fudan Cancer Hospital. Furthermore, inconvenience is minimized for 198 
participants because acupuncture is provided on the same day as radiation therapy. 199 

 200 
Potential study participants will be identified by faculty in the departments of Radiation Oncology at Fudan 201 
Cancer Hospital and M. D. Anderson and referred to the research nurse for assessment of eligibility and 202 
informed consent counseling. Potentially eligible patients will be contacted in person when they are in the 203 
clinic so that the research nurse can describe the study in detail, answer the patients’ questions, and assess 204 
their interest in the study. Half the patients in each group (n=50) will be recruited from each center (150 205 
patients/center) for a total sample size after attrition of 300 patients (375 patients before attrition) (see 206 
Appendix D. Study Schema, Study Schedule, Study Timeline). 207 

 208 
C.2 Eligibility and Participants 209 

 210 
Inclusion criteria: Adult  18 years of age and able to give informed consent; Diagnosed with head and neck 211 
cancer, which will be primarily oropharyngeal, and scheduled to undergo IMRT with or without concurrent 212 
chemotherapy at M. D. Anderson; Treatment plan that includes external beam radiation at a mean dose of at 213 
least 25 Gy or more to one of the parotid glands (the other gland can receive less than 25 Gy); Anatomically 214 
intact parotid and submandibular glands; Karnofsky performance status > 60 (see Appendix E). 215 
 216 
Exclusion criteria: History of xerostomia prior to head and neck radiation therapy or history of Sjögren's 217 
disease or another underlying systemic illness known to cause xerostomia; Prior head and neck radiation 218 
treatment; Suspected or confirmed physical closure of salivary gland ducts on either side; Known bleeding 219 
disorders or taking any dose of warfarin or heparin; Upper or lower extremity deformities that could interfere 220 
with accurate acupoint location or alter the energy pathway as defined by traditional acupuncture theory; 221 
Local skin infections at or near the acupuncture sites or active systemic infection; History of 222 
cerebrovascular accident or spinal cord injury since the mechanism of acupuncture may be associated with 223 
central nervous system activity; Mental incapacitation or significant emotional or psychiatric disorder that, in 224 
the opinion of the investigator, precludes study entry as these patients may not be able to cooperate with 225 
this slightly invasive procedure or with the data collection process; Current acknowledged use of any illicit 226 
drugs or evidence of alcohol abuse as defined by The American Psychiatric Association criteria (62); 227 
Participants who are taking, or who have taken any investigational new drug within the past 30 days, or who 228 
are planning to take such a drug during the course of the study; Current acknowledged use of other 229 
alternative medicines, such as herbal preparations, that could affect salivary function. If a patient is using 230 
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any salivary substitute, they will be asked to refrain from using for at least 24 hours prior to saliva and 231 
questionnaire data collection. Each patient will be asked for a list of herbal supplements they are currently 232 
taking, and this will be reviewed on an individual basis. Patients will be excluded if they are taking any 233 
herbs known or suspected to affect salivary function. Participants taking amifostine, cholinergic agonist 234 
medications (pilocarpine, cevimeline), beta adrenergic antagonists, anticholinergic agents, saliva 235 
substitutes or other medications known to affect salivary function will also be excluded. All patients will be 236 
prohibited from taking these medications while on study (see Appendix  F). If a patient reports use of one of 237 
the prohibited medications, they will be considered non-compliant and dropped from the study. Finally, 238 
participants will be excluded who are currently receiving acupuncture for any condition or if they have ever 239 
used acupuncture before. 240 

 241 
Participants: Over 400 patients undergo IMRT radiation for head and neck cancer each year at M. D. 242 
Anderson or one of its satellite clinics. Within the next 2 years at least two more satellite clinics will open, 243 
increasing the possible patient base. At Fudan Cancer Hospital, approximately 450 patients undergo IMRT for 244 
NPC each year. Our pilot study experience at both institutions suggests that approximately 70% of these 245 
patients will be eligible for the proposed study. Therefore, at least 500 patients will be eligible per year for a 246 
total of over 1500 patients during the 36 months designated for recruitment. 247 

 248 
All eligible patients will be asked to participate. We expect a relatively modest acceptance rate of 249 
approximately 60%. Patients generally decline either because they do not want to be randomized or because 250 
of time constraints. This conservatively estimated patient accrual rate would permit us to recruit at least 70 251 
patients per year at each institution. In our previous studies, the attrition rate was less than 20%; however with 252 
longer follow-up, we expect the rate will increase somewhat. Thus, with even slightly higher attrition, we will  253 
still be able to accrue at least 50 evaluable patients per year per institution, for a total of 300 evaluable patients 254 
over the approximate 3 years of recruitment (n=100 per group; n=125 per group before attrition). 255 

 256 
C.3 Procedures 257 

 258 
After informed consent and prior to randomization and radiation treatment, the research nurses will collect 259 
baseline measures. Patients will be informed the study is examining the effects of two different forms of 260 
acupuncture delivered during radiotherapy. This is important because in most previous sham-controlled  261 
acupuncture trials patients could accurately guess group assignment. In this trial, patients in both acupuncture 262 
groups are in fact getting real needles inserted at real acupuncture points on the body and, therefore, this is 263 
technically classified as real acupuncture. Therefore, this is not deception and, in fact, we do not actually know 264 
whether G1 will have any better outcomes than G2. In reality, we are testing two forms of acupuncture. When a 265 
patient in G2 finishes the trial, we will debrief them to let them know that they were in an acupuncture group 266 
that we were uncertain if it would work or not. We will offer them three free sessions of acupuncture after the 267 
12 month follow-up assessment. 268 

 269 
A modified medical examination of participants will be obtained that includes a medical history and physical; 270 
review of systems, concomitant medications, and head and neck malignancy; surgical and radiation history; 271 
and planned radiation treatment. Self-report measures and sialometry measurements, including unstimulated 272 
whole salivary flow rate (USFR) and stimulated whole salivary flow rate (SSFR), will be completed. In order to 273 
identify potential mechanisms associated with acupuncture elicited stimulation of saliva secretion, 274 
measurement of pH and buffering capacity will be performed on fresh saliva from SSFR. Samples will then be 275 
frozen for later analysis of viscosity, total protein and neuropeptides, including CGRP, and VIP. After all 276 
analyses are complete, the saliva samples will be destroyed. 277 

 278 
At each subsequent visit, vital signs (blood pressure, pulse) will be taken, and medications will be reviewed 279 
prior to the acupuncture treatment. All measures will be collected again during the course of radiation 280 
treatment (mid-treatment; except the assessment of salivary constituents), and at the end of the radiation 281 
treatment period (week 7). In the middle and end of radiotherapy, patients in G1 and G2 will indicate whether 282 
they think they were assigned to active or inactive acupuncture. Patients will also be asked to complete a form 283 
about their oral hygiene. All patients will be provided with standard oral care recommendations. These include 284 
keeping their mouth clean by brushing their teeth at least two times a day and preferably after each meal.  285 
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They will be also encouraged to not use candies, lozenges, or drink sugary beverages. They will also be told  286 
to consume up to 1.5 liters a day of water to help diminish the effects of radiation-induced xerostomia and keep 287 
hydrated. 288 

 289 
Follow-up assessments will be obtained 3, 6, and 12 months after the end of radiation treatment for a total of 6 290 
assessments (baseline; middle of radiotherapy; end of radiotherapy; and 3, 6, and 12 months after the end of 291 
radiation treatment). Participants will be given a small gift certificate (100 RMB [approximately $15] value at 292 
Fudan Cancer Hospital; $35 value at M. D. Anderson) for completing each assessment. After all data are 293 
collected at the 12-month follow-up visit, patients in the G2 and G3 study arms will be offered true acupuncture 294 
treatment for free for one week (3 treatments). For the complete study schema, schedule, and timeline, please 295 
see Appendix D. All data collection will be conducted by research staff who are blinded to group assignments. 296 
A procedures manual will be developed that will include all aspects of conducting the trial, including the 297 
acupuncture treatments. 298 

 299 
Patients will be randomized by a form of adaptive randomization, called minimization, because simple 300 
randomization could result in covariate imbalances (63). Statistical adjustment of covariates can take 301 
imbalances into consideration, but results are generally more credible when they are obtained from groups with 302 
comparable baseline distributions. In minimization, group assignment is done sequentially. In this study, the 303 
patient characteristics used for group assignment will be stage of disease (I – IV), age (dichotomized above 304 
and below the running mean or equal to median of age), sex (M, F), the mean planned parotid doses (left and 305 
right side will be calculated separately and balanced between groups; <3000, 3001-5000, 5001-10000, 10,001- 306 
15,000, >15,000), induction therapy (yes/no), concurrent chemotherapy (yes/no), and type of chemotherapy 307 
received (1= high dose cisplatin (1 x every 3 weeks); 2= low dose cisplatin (weekly); 3=taxol/carboplatin; 4= 308 
cituximab; 5=carboplatin; 6= gemcitabine (for Shanghai only)). Randomization will be conducted at each site 309 
separately. This will ensure equal distribution of all factors across all groups and balanced at each site. 310 
Information on group assignment will be only communicated to the acupuncturists by the data managers to 311 
insure that the research staff remains blinded. 312 

 313 
C.4 Acupuncture Treatment Procedures 314 

 315 
Treatments will be given in the acupuncture clinics at M. D. Anderson and Fudan Cancer Hospital. Patients  316 
will be placed in a supine position and, thus, blocked from seeing any of the needles. The needles will remain 317 
in place for 20 minutes with each treatment. Standardized techniques for point location will be utilized, which 318 
are based on anatomical landmarks as well as proportional measurements using the patient's own body. For 319 
example, finger breadth is based on each patient's middle finger, and the proportional unit of measure, the 320 
"cun," is defined as the distance between the two medial ends of the creases of the interphalangeal joints  321 
when the middle finger is flexed (30, 64). The acupuncture procedures will be performed using standard 322 
aseptic technique (64). The needles come in individual sterile packages, and the same level of sterility as that 323 
used for an invasive medical procedure will be applied. 324 

 325 
All treatment providers will be licensed, experienced acupuncturists. The acupuncturist and research nurses at 326 
Fudan Cancer Hospital have been trained at M. D. Anderson. Any new acupuncturists will have one-on-one 327 
training with the lead research acupuncturist from M. D. Anderson (Dr. Kay Garcia). All acupuncturists will also 328 
participate in a video-based training program. At the end of the training period, a return demonstration of 10 329 
treatments (5 active and 5 sham) on individuals who are not potential study subjects will be required. Finally, in 330 
order to ensure continued quality control, participating acupuncturists will be observed and evaluated three 331 
times per year. Faculty and staff from M. D. Anderson will also visit Fudan Cancer Hospital twice a year to 332 
check on the running of the trial. We are confident in the quality control procedures in place as we have been 333 
conducting collaborative research now for over 6 years, including the specifics of this protocol in two different 334 
trials at Fudan Cancer Hospital. 335 

 336 
a. True acupuncture 337 

Although many point combinations could be used, the investigators have attempted to identify a set of 338 
acupuncture points that integrates TCM and biomedicine, with a focus on using a minimal number of sites.  339 
The active acupuncture points for this study were selected on the basis of successful experience from our pilot 340 
studies as well as on previously published trials (35-41, 45, 46, 65-67). Points were also selected on the basis 341 
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of their indications according to the classical theory of TCM (30, 64) and current understanding of the various 342 
anatomical locations and neurovascular tissues associated with each point (68). 343 

 344 
The body acupuncture points selected for this protocol are Ren 24, Lung 7 (LU 7), and Kidney 6 (K6). One 345 
placebo needle will also be placed at Gallbladder 32 (Gb32) on the right side. This is intended to provide 346 
participants in the active treatment group with a stimulus that will not elicit De Qi sensation. Ear points  347 
selected are Shenmen, Point Zero, Salivary Gland 2' (SG 2-prime), and Larynx. Except for Ren 24, which is 348 
located in the midline and the placebo needle at Gb32, all points will be treated bilaterally. The only facial point 349 
used in this study will be Ren 24. After careful consideration and discussion, we have chosen not to use points 350 
on the face that were selected in some prior studies (i.e., Stomach 4-7). Even though problems are rare, we 351 
prefer to err on the side of precaution and avoid needling tissues that may still be friable or easily injured after 352 
radiation. Furthermore, Johnstone et al. (35, 45, 46) obtained good results without using facial points. Ren 24 353 
is located in the midline and should not pose a problem. Patients will be excluded from the study, however, if 354 
there is any indication of skin irritation or infection at this location. 355 

 356 
Needle insertion endpoints will be the standardized recommended depth of insertion (30, 64) or achievement 357 
of De Qi sensation per the acupuncturists’ determination. De Qi is a feeling of tingling, aching, numbness, or 358 
warmth at the acupuncture site. Acupuncturists also describe this feeling as if the muscle is grabbing the 359 
needle. Propagation of this sensation along acupuncture channels is thought to carry the therapeutic signal to 360 
target areas (30, 68). Once the standard depth of insertion or De Qi is achieved at the body points, the needles 361 
will not be manipulated further unless one becomes displaced. No electrical stimulation will be applied to the 362 
needles in this study. Acupuncture needles used for the body points will be 0.25 x 40-mm in length and for the 363 
ears 0.16 x 15-mm in length (see Appendix G for further details). 364 

 365 
b. Sham acupuncture 366 

Well-designed clinical acupuncture trials require a sham procedure that is indistinguishable from the real 367 
treatment, yet inactive. Although no “gold standard” has been established for placebo controls in acupuncture 368 
trials, ideally, non-penetrating needles placed at inactive points should be used. Park and colleagues validated 369 
a non-penetrating, telescoping needle with a separate device that attaches it to the skin (69, 70). This device 370 
will be used on body points in the proposed study but is too heavy and bulky for use on auricular points. For 371 
sham auricular points, Usichenko and colleagues have used points on the helix of the ear with success in 3 372 
different studies (71-73). We propose to use a similar procedure for this study. 373 

 374 
The sham procedure for participants in G2 is: Sham Location 1 - placebo needle at inactive point located 0.5 375 
cun below and 0.5 cun lateral to CV 24 on the chin; Sham Location 2 - placebo needle at inactive point located 376 
0.5 cun radial and 0.5 cun proximal to SJ 6 between SJ and LI Channels (bilateral upper extremities); Sham 377 
Location 3 - placebo needle at inactive point located 1.0 cun below and 0.5 cun lateral to St 36, between St 378 
and Gb Channels (bilateral lower extremities). In order to elicit De Qi in the control group, one 0.25 x 40mm 379 
acupuncture needle will be used at Gb 32 above the right knee. This point is not indicated for dry mouth. 380 
Finally, four 0.16 x 15mm acupuncture needles on the helix of each ear (8 ear points) will be included.  381 
Location of inactive points will be confirmed with an electrodermal point finder. 382 
 383 
The sham treatment will be given according to the same schedule as the true acupuncture treatment. 384 
Participants in both groups will be placed in a comfortable position. Each point will be identified and marked on 385 
the skin. A total of 14 points will be used in both groups. As the active acupuncture group is  receiving 386 
treatment using a placebo needle and the placebo acupuncture group is receiving active treatment at a real 387 
acupuncture point (both at Gb 32) and with acupuncture needles inserted at inactive points on the ear, the 388 
blinding of the two groups should be excellent. In the two-arm placebo-controlled pilot study conducted at 389 
Fudan Cancer Hospital using the same two acupuncture groups (G1 and G2), perfect blinding was indicated 390 
(see C.9 below). 391 

 392 
 393 
c. Usual care 394 

Participants in G3 will receive standard care. This will include being provided with standard oral care 395 
recommendations. Participants in all groups will receive the same recommendations. 396 
 397 
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 398 
C.5 Evaluation 399 

 400 
All questionnaires will be administered at the patient’s clinic visits. If, however, there are time constraints, 401 
patients will be given a self-addressed stamped envelope in which to return the questionnaires. Baseline 402 
assessments will be completed within 7 days prior to starting radiotherapy, and patients will then complete the 403 
same assessments again at middle and end of radiotherapy and 3, 6, and 12 months after the end of 404 
radiotherapy. At middle and end of radiotherapy, data will be collected before acupuncture treatment. For 405 
patients at Fudan Cancer Hospital, the questionnaires were forward and backward translated into Mandarin 406 
Chinese (the MDASI and FACT-G were also validated in Mandarin Chinese; see Appendix H). All of the 407 
questionnaires and saliva collection techniques have been used successfully at both institutions. 408 

 409 
To determine if true acupuncture is more effective than sham acupuncture or standard care for reducing the 410 
incidence of radiation-induced xerostomia we will evaluate xerostomia graded according to Common 411 
Terminology Criteria for Adverse Events (CTCAE) (78) (see Appendix I). 412 

 413 
a. Xerostomia and quality of life questionnaires 414 

i. Xerostomia Questionnaire (XQ): The XQ is an 8-item questionnaire that has been validated in several 415 
cohorts (22, 74). Subjects rate each symptom on an 11-point ordinal Likert scale from 0 to 10, with higher 416 
scores indicating greater dryness or discomfort due to dryness. The item cores are added and the sum is 417 
transformed linearly to produce a final summary score ranging between 0 and 100, with higher scores 418 
representing more xerostomia. The clinical response of the XQ has been suggested by Eisbruch (22) and 419 
Pacholke research (74) with XQ scores ≤ 30 regarded as mild to no symptoms of xerostomia. 420 

 421 
ii. The Functional Assessment of Cancer Therapy (FACT-G): Health-related quality of life will be assessed 422 
with the FACT-G (77). This instrument is able to discriminate between individuals with metastatic and non- 423 
metastatic disease, as well as between patients at different stages of illness. The scale has been found to have 424 
good concurrent validity, high internal consistency (0.89), and good test-re-test reliability (0.82 to 0.88). 425 

 426 
iii. M. D. Anderson Symptom Inventory for Head and Neck Cancer (MDASI-HN): Cancer-related symptoms 427 
will be assessed using the validated MDASI-HN (75, 76). The MDASI measures, on a numeric rating scale of 428 
0-10, both the severity of symptoms and the interference symptoms cause in patients’ daily activities. The 13 429 
core MDASI symptom items are based on extensive evaluation of symptoms common to cancer and cancer 430 
treatment. The MDASI-HN includes 9 head and neck–specific items. The instrument was validated in a cohort 431 
of more than 200 patients and found to be highly reliable (76). 432 

 433 

iv. Fatigue will be assessed using the Brief Fatigue Inventory (BFI) [95]. The BFI is a 9-item questionnaire 434 
designed to be used in the clinical setting to rapidly assess fatigue severity. The items are ranked from 0 to  435 
10, and patients rate their fatigue at its “worst” and “usual” and as it is “now,” with 0 = “no fatigue” and 10 = 436 
“fatigue as bad as you can imagine.” Patients also rate how much their fatigue has interfered with their 437 
life.This single-dimension instrument was tested in a sample of 305 patients with cancer, and provided an 438 
internally stable measure of fatigue severity (0.80-0.92) [95]. 439 

 440 
v. The Brief Pain Inventory (Short Form) is a validated, widely used, self-administered questionnaire to 441 
assess severity of pain and impact of pain on daily functioning among patients (101-103). Item 1 assesses 442 
whether or not patients are currently experiencing pain other than minor headache, sprain, or toothache. Item 2 443 
allows patients to indicate on a whole body diagram the exact location of pain. Items 3-6 measure severity of 444 
pain on a 0-10 numeric scale. Item 7 assesses current treatment and item 8 assesses relief from pain 445 
treatments or medications within the last 24 hours. Finally, item 9 includes 7 subratings regarding the impact 446 
pain within the previous 24 hours has had on patients’ QOL. 447 

 448 
vi. Depression will be assessed using the Centers for Epidemiological Studies-Depression measures (CES-D) 449 
[98]. The CES-D is a well-validated 20-item self-report measure of depression that focuses on affective 450 
components of depression. Respondents rate the frequency of the behavior or feeling using a 4-point Likert- 451 
type scale ranging from “almost never” to “almost always.” The internal consistency of the instrument is high in 452 
the general population and in patient populations. It also has demonstrated adequate convergent validity with 453 
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other measures of depression [98]. 454 
 455 
vii. To thoroughly evaluate social processes, we will assess the availability of social support perceived by 456 
participants, the frequency and quality of their social interactions, and the level of expression of emotions with 457 
others. Perceived availability of social support will be measured using the Medical Outcomes Study Social 458 
Support Survey (MOS-SSS) [99], which was developed with the SF-36 quality of life index and other MOS 459 
measures in one of the largest and most comprehensive studies of health status in the chronically ill. The scale 460 
focuses on the perception of the availability of functional support. Patients rate the perceived availability of: 461 
emotional/informational support, tangible support, positive interactions, and affectional support. Internal 462 
consistency was high, ranging from 0.91 to 0.96, and test-retest reliability ranged from 0.72 to 0.76. It has good 463 
predictive validity reflecting significant relations between social support and overall health status [100]. We 464 
have also added a few questions that ask how satisfied they are with the contacts. 465 

 466 
viii. Two items assessing behavioral and characterological self-blame for patients’ cancer cause will be 467 
administered based on previous work in breast cancer patients (96). Patients will also complete two treatment 468 
regret items previously used by Hu et al. in a sample of prostate cancer patients (97). These questions will take 469 
about 1 minute to complete. 470 

 471 
ix. Self-report measure of oral hygiene will be assessed at baseline, weekly during radiotherapy, and then 3, 472 
6, and 12 months after the end of radiotherapy. Patients will be asked to indicate in the past week the 473 
frequency with which they brushed their teeth, flossed their teeth, and estimate how much water they 474 
consumed on daily basis. 475 

 476 
 477 
b. Saliva flow examination 478 

Unstimulated Whole Saliva (USFR): Patients are instructed to refrain from eating, drinking, and dental hygiene 479 
for a minimum of 60 minutes before saliva collection. The patient is seated upright in a quiet area where he/she 480 
will remain undisturbed and to minimize orofacial movements. The patient will relax in the designated area for 481 
15 minutes before saliva collection. Patients are instructed not to attempt to increase or control salivation 482 
actively (such as sucking or swallowing) but to simply relax. A collection vial (including seal and cover) will be 483 
weighed on a calibrated balance with accuracy to 0.001 gm. The patient is instructed to first clear his/her 484 
mouth by swallowing. Then, with the head held slightly forward, the patient is instructed not to talk or swallow 485 
during the 5-minute collection but to allow saliva to collect in the floor of the mouth. The 5-minute collection 486 
time is initiated on a digital timer and in view of the patient. The patient should then expectorate the 487 
accumulated saliva into the pre-weighed vial after 60 seconds. The patient should repeat this procedure 4 488 
more times for a total collection time of 5 minutes. Patients are reminded not to swallow during the entire 489 
collection period. At the end of the 5 minutes, the collection vial is promptly sealed, weighed, placed on ice and 490 
transported to the laboratory. 491 

Stimulated Whole Saliva (SSFR): Patients are to rest for 5 minutes prior to stimulated saliva collection. The 492 
exogenous stimulant will be a neutral chewing gum from Wrigley (unflavored gum base) used previously for 493 
SSFR. The patient will chew the gum for 3 minutes, then expectorate the gum and saliva into a disposable cup. 494 
Next, the patient should swallow to clear the mouth. The patient’s saliva will then be collected in the vial for 5 495 
minutes using a method identical to USFR collection. After a 5 minute rest period, repeat (i.e. chew gum for 3 496 
minutes, expectorate gum and saliva into a disposable cup, swallow, then collect saliva for 5 minutes as 497 
above.) 498 

 499 
c. Saliva constituent analyses 500 

We will determine acupuncture’s effects on saliva-based factors including pH, buffering capacity, and viscosity 501 
as well as levels of total protein, CGRP and VIP from SSFR collected at baseline, end of radiotherapy (week 502 
7), and 3, 6, and 12 months later. The value of pH and buffering capacity will be measured using a portable pH 503 
meter with micro electroprobe. Buffering capacity will be measured using the method previously described by 504 
Siqueria et al. (79). Buffering capacity and pH will be conducted on fresh saliva. Viscosity, total protein, CGRP, 505 
and VIP will be measured at M. D. Anderson from frozen samples assayed in batch to decrease variance. 506 
Viscosity of the saliva (0.5 ml) will be determined using LVT Wells-Brookfield cone-and-plate digital viscometer 507 
(Brookfield Engineering Laboratory) (80). The total amount of protein in each saliva sample will be determined 508 
using the Bradford assay (Biorad protein assay kit). Levels of CGRP and VIP will be quantified using 509 
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neuropeptide-specific RIA kits (Peninsula-Bachem) (81). The concentration of peptides will be normalized by 510 
the amount of protein in each sample. All assays will be conducted in the laboratory of Dr. Peiying Yang. Once 511 
the saliva samples have been assayed they will be destroyed. 512 

 513 
d. Expectations 514 

Acupuncture Expectancy Scale (AES): To determine the relationship between outcome expectancy related to 515 
acupuncture and clinical response, we will use the Acupuncture Expectancy Scale. This 4-item instrument was 516 
developed by Mao et al. and found to be reliable (Cronbach’s α of 0.82) and valid by positive correlation with 517 
patient self-reported efficacy and satisfaction (61). The scale was further validated among cancer patients who 518 
were mostly acupuncture naïve (57). Expectancy of a benefit from acupuncture appeared to be increased by 519 
educating patients on the scientific theory and clinical evidence of acupuncture. Higher expectancy was also 520 
found in patients who had previously participated in an acupuncture trial compared with those who had not 521 
participated in an acupuncture trial (57). The scale has been translated and validated in Mandarin in China. In 522 
the proposed study, we will evaluate expectancy as a predictor of response to acupuncture. This questionnaire 523 
will be completed at baseline by all participants. Patients in the acupuncture treatment groups will complete the 524 
form again during the middle and at the end of radiotherapy. 525 

 526 
e. Background/Exposure 527 

Background/Exposure Questionnaire variables: The purpose of this questionnaire is to collect information on 528 
environmental and occupational exposures, phenotypic characteristics, health history, family history of cancer, 529 
and behavior patterns that could be associated with cancer of the head and neck. The data collection 530 
instrument will be comprised of the interview-based questionnaires that are currently used at MDACC. The 531 
questionnaire includes questions on the following items: 532 

-- Demographic data, including name, address, date and place of birth, marital status, ethnicity, total years of 533 
education, and income. 534 
-- Tobacco and alcohol exposure, including past and present smoking and drinking status, number of years 535 
smoked/drank, and number of cigarettes smoked or drinks consumed/day. 536 
-- Behavior patterns that could affect an individual's exposure. 537 
-- Medical history information on previous health such as history of cancer, immune conditions, and hormone 538 
and x-ray treatment. 539 

 540 
C.6 Statistical Considerations 541 

As our first step, before analyses, we will conduct extensive descriptive analyses on the data collected at 542 
baseline and at each follow-up. Descriptive statistics (i.e., frequencies, ranges, means, proportions, standard 543 
deviations, measures of skewness and kurtosis), including 95% confidence intervals (CIs), will be computed for 544 
the measures. We will closely examine distribution characteristics of the variables using box plots, histograms, 545 
scatter plots, and the Kolmogorov-Smirnov test of normality where appropriate. Distribution assumptions will be 546 
evaluated, and if indicated, normalizing transformations or robust procedures will be used. We will evaluate 547 
bivariate associations between the outcome measures and selected demographic and disease-related 548 
variables, including age, ethnicity, time since diagnosis, and disease stage, using Pearson product-moment 549 
correlation coefficients, chi-square, or eta-squared estimates from analyses of variance where appropriate. 550 

 551 
a. Data analysis 552 

Our primary objective is to determine if true acupuncture is more effective than sham acupuncture or standard 553 
care for preventing radiation-induced xerostomia among cancer patients at M. D. Anderson and Fudan Cancer 554 
Hospital. The primary outcome will be self-reported xerostomia symptoms using the Xerostomia Questionnaire 555 
(XQ). We will have information available at baseline and at 5 additional points in time (middle of radiotherapy, 556 
end of radiotherapy, and 3, 6, and 12 months after the end of radiotherapy). 557 

 558 
Our initial analysis will be a repeated-measures analysis of XQ scores over time by acupuncture group, testing 559 
for group effects, time effects, and group by time interaction. This will be done using generalized linear mixed 560 
model regression (GLMM) (see below for further details). The primary significance level which will be used is 561 
0.05. Our primary time endpoint is the end of radiotherapy, or 7 weeks. All three arms will be compared at this 562 
time point using an analysis of variance, and if the test is significant (p<0.05), we will use a Duncan’s Multiple 563 
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Range Test which controls the type I comparison-wise error rate to determine which groups are different from 564 
each other. 565 

 566 
At each point in time, we will also be able to determine if xerostomia has occurred (grade 1 or higher on the 567 
v3.0 CTCAE) and will classify each patient as either experiencing xerostomia (one or more episodes of 568 
xerostomia) or not. A secondary goal is to determine if the proportion of persons who experience xerostomia in 569 
the true acupuncture group is less than that in the sham acupuncture group or the standard care group. We 570 
will use the binomial test to test for these differences at each follow-up. We will also use the clinical response 571 
criteria of determining whether or not xerostomia has occurred or not as used by Eisbruch (22) and Pacholke 572 
(74). A significant response will be indicated if the summation XQ score≤is30. Eisbruch and  colleagues 573 
revealed with bilateral radiation therapy treatment, the peak effect of XQ xerostomia scoring at 3 months post 574 
treatment is 45 +/- 10 (22). Using the criteria of ≤ 30 on the XQ score, we will use the binomial test to test for 575 
these differing proportions between groups at each follow-up. However, if 15 tests are made, in order for the 576 
results to be considered as significance as those with a 0.05 significance level, the significance level would 577 
need to be 0.003 or less (0.05/15) using a conservative Bonferroni method. We will also include a GLMM 578 
analysis to evaluate treatment and time effects upon incidence (general patterns in incidence). This analysis 579 
will test the overall treatment effect, the overall time effect and a treatment by time effect. 580 

 581 
Other outcomes include the MDASI-HN, FACT-G, USFR, SSFR, and saliva constituents including pH, buffering 582 
capacity, and viscosity as well as levels of total protein, CGRP, and VIP. These variables are repeated 583 
measurements on multiple outcomes, possibly including hierarchical structure over subscales and related 584 
outcome measures. Desired inference includes hypotheses about treatment effects at different times and on 585 
different outcomes. Also, inference about treatment effects has to appropriately adjust for recorded baseline 586 
characteristics of the enrolled patients. With these considerations in mind, we propose the following strategy 587 
for the data analysis of these variables. As we expect scores on the criterion measures to be correlated within 588 
individuals over time, we will use GLMM. Separate sets of analyses will be conducted for each criterion 589 
variable (e.g., primary outcome: severity of self-reported xerostomia symptoms (XQ); secondary outcomes: 590 
MDASI-HN, FACT-G, saliva flow rates, and saliva constituents). For each criterion variable, we will use data 591 
across the set of post-intervention assessment points. In modeling these data, intervention condition is a 592 
between-subjects factor, time is a within-subjects factor, and baseline measures will be included as covariates. 593 

 594 
GLMM is a flexible analytic approach with wide use in the health sciences (82). Mixed model regression allows 595 
for repeated measures across individuals by modeling the correlation among the repeated measures. GLMM 596 
can accommodate a range of correlation structures among the measures, as well as continuous and discrete 597 
outcome distributions, unbalanced designs, different link and variance functions, and, in the case of the 598 
analysis of independent data, is equivalent to logistic, ordinary least squares regression, or analysis of 599 
covariance modeling. For the GLMM, first we will assess the covariance structure of the data so that inferences 600 
about means are valid. We cannot assume that repeated measures for an individual will be equally correlated 601 
because two measurements taken at adjacent times may be more highly correlated than two measurements 602 
taken several time points apart. To select the best method for modeling the repeated measures, we will use the 603 
methods of Wolfinger (83) and statistics such as Akaike's and Schwarz's information criteria. 604 

 605 
After determining the appropriate covariance structure, we will develop longitudinal models of the effect of 606 
intervention condition on post-intervention (follow-up) criterion measures that take into consideration the 607 
baseline values for the corresponding criterion measure as well as important covariates. Mixed model 608 
parameter estimates and tests will allow us to compare intervention effects and to examine intervention effects 609 
over the course of follow-up time points. Post-intervention follow-up criterion measures will be regressed onto 610 
study intervention condition, time of assessment, a polynomial function of time (for example, quadratic) if 611 
appropriate, and the measure of the criterion at baseline. In addition, we will add important covariates, 612 
including adaptive randomization variables and selected demographic variables, such as ethnicity and 613 
education, as well as suitable baseline health-related variables and medical characteristics. Tests of the 614 
interaction of intervention condition with time of measurement will be evaluated to determine whether the effect 615 
of intervention condition varied as a function of time. In the case of statistically significant interactions of 616 
intervention condition with time, tests of the effect of intervention condition will be conducted at each individual 617 
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time point. We will use Bonferonni corrections for each set of multiple comparisons where appropriate. 618 
Standard methods of model diagnostics will be used to identify influential observations and to determine 619 
suitable transformations where necessary. 620 

 621 
We will compare compliance with acupuncture between patients randomized to the acupuncture and sham 622 
acupuncture groups. Compliance will be measured as the number of times the participants received their 623 
scheduled intervention per week. At each assessment after the end of radiotherapy, we will determine if 624 
patients in the two groups differ in the number of times they received their scheduled intervention (since the 625 
last analysis) using a Wilcoxon rank-sum test. We expect that these frequencies will not be normally distributed 626 
so we plan to use a nonparametric test. If there is a statistically significant difference or trend for significance in 627 
compliance between any two groups (p<0.10), we will also determine if there is a difference between other 628 
outcomes. We will use either t-tests or nonparametric tests such as the Wilcoxon rank-sum test to determine 629 
the significance of these differences. 630 

 631 
We will also explore the association between expectancy and outcomes using information from the 632 
Acupuncture Expectancy Scale (AES). Expectancy will be assessed using the AES at baseline in the 633 
acupuncture and sham acupuncture groups and will be correlated with severity of xerostomia using the XQ 634 
(and other continuous variables) during and after radiotherapy. More complex analyses will also evaluate 635 
whether expectancy moderates outcomes. Following the procedures of Baron and Kenny (84), the evaluation 636 
of moderation involves examining the interaction between intervention condition and baseline expectancy. In a 637 
series of mixed model analyses, tests of the interaction of intervention condition with expectancy will be 638 
evaluated to determine whether baseline expectancy changes the impact of acupuncture condition on the 639 
outcome measures [i.e., determine whether acupuncture (active or inactive) is more effective based on 640 
baseline expectancy]. Changes in USFR, SSFR, and saliva constituents will also be examined as possible 641 
mediators of the effects of acupuncture on xerostomia symptoms following the procedures of Baron and Kenny 642 
(84) using generalized linear mixed model regression. The mediation effect estimate will be computed 643 
according to MacKinnon (85), who describes mediation as the difference of the intervention effect on outcome 644 
with and without the presence of the mediators, or alternatively, the product of the effect of the intervention on 645 
the mediators and the effect of the mediators on the outcome controlling for the intervention condition. 646 

 647 
 648 
b. Missing data and drop-outs 649 

Some individuals will fail to complete all questionnaires. GLMM is designed to handle this type of missing data 650 
and will give unbiased estimates of intervention effects provided that the probability of having missing data 651 
depends only on the covariates in the model. We will check this assumption by looking at predictors of missing 652 
data. We will also run analyses to examine whether study participants who drop out of the study differ from 653 
those who do not. We will examine the data with complete case analyses (intent to treat). With the use of 654 
GLMM, we will be able to include all participants in the analysis, even those with missing values for some time 655 
points and those who drop out early. Everyone who begins their intended treatment is considered to be part of 656 
the trial whether they finish it or not. The methods of GLMM in effect estimates missing values, but we will also 657 
use alternative multiple imputation methods to estimate missing values using differing assumptions if the data 658 
appear to not be missing at random. 659 

 660 
c. Sample size calculations 661 

These precision and power estimates are based on a final post-intervention sample size of 300 study 662 
participants, 100 in each of the three intervention groups. To achieve this post-intervention sample size, we will 663 
oversample by 20% (i.e., 375 participants) to account for attrition. That is, we will allow for up to a 20% drop- 664 
out rate. 665 

 666 
Our primary analysis is a mixed model regression analysis with repeated measures to evaluate the between 667 
group differences across the post-intervention time points with adjustment for covariates. Assuming a two- 668 
sided significance level of 0.05, we will have at least 80% power to detect differences between any pair of 669 
group means of 0.4 standard deviation units (SD – Effect Size Index) across the three post-intervention time 670 
points. In addition, the detectable mean difference between groups is 0.49 SD units with a two-sided 671 
significance level of 0.01. In our previous study, we found differences on post-intervention XQ means ranging 672 
from 0.80 SDs at the end of radiotherapy to 0.68 SDs at 1 month when comparing the acupuncture group with 673 
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the standard care group. The associated XQ average values for the two groups at 1 month post radiotherapy 674 
were: 32.2 (SD=10.6) for acupuncture group and 41.5 (SD=9.6) for control group. As we do not know the exact 675 
differences that will occur between the sham acupuncture group and the other two groups, and given the 676 
definition of clinically significant effects (i.e., effect sizes of approximately 0.5 SDs being argued to be clinically 677 
meaningful) (25, 86, 87) the current study is still well-positioned to detect clinically significant effects between 678 
groups that may be present. We prefer to justify sample size using a paired t-test for simplicity and because it 679 
is conservative approach, although the later analyses using repeated measures will have greater power to 680 
detect differences between groups. 681 

 682 

C.7 Limitations 683 
 684 
There are several challenges with the current study that should be noted. There is the possibility of loss to 685 
follow-up to a greater degree than in our pilot studies due to following patients out to 1 year post radiotherapy. 686 
Several strategies will be used to decrease the chance of missing data and non-compliance. Forms will be 687 
reviewed upon receipt to ensure all items are completed, and if incomplete, participants will be contacted to 688 
determine if the question was deliberately skipped and, if not, to get a response. Scheduling of follow-up visits 689 
will also coincide with visits to the radiation oncologist, and as such, missing data will be kept at a minimum. 690 
Nevertheless, some individuals may fail to complete all questionnaires and statistical procedures noted above 691 
will be implemented. Also, although we will make every effort to recruit minority and underserved participants, 692 
as all patients will be recruited from either M. D.  Anderson or Fudan Cancer Hospital, the study population will 693 
be somewhat select. Nevertheless, the sample will be representative of patients seen at the two hospitals. 694 

 695 
C.8 Adverse Events 696 

Acupuncture is a safe technique with few complications. The majority of reported adverse effects are best 697 
attributed to insufficient basic medical knowledge, inadequate acupuncture education, or lack of compliance 698 
with standardized practice of clean needle technique (104). Several studies by different investigators have 699 
shown that most serious adverse events are due to a lack of education or negligence on the part of the 700 
practitioner and are not due to the treatment itself (105-109). The side effects most commonly reported when 701 
acupuncture is performed correctly by properly trained personnel are relatively minor and include fainting, 702 
nausea, vomiting, bruising, and mild discomfort (105-109). In the past, patients occasionally developed contact 703 
dermatitis to components in the needles (110, 111), but this currently is rare with improved manufacturing 704 
techniques for the stainless steel needles. 705 

 706 
For higher risk patients (i.e., those with heart disease or neutropenia), special precautions may be necessary 707 
such as avoiding the use of electrostimulation in patients with pacemakers or taking additional measures to 708 
prevent infection in patients with compromised immunity (112). Electrical stimulation will not be used in this 709 
study, and patients with evidence of infection or compromised immunity will not be included. Although the 710 
likelihood of acupuncture-induced infection in this study is low, procedures will be treated as invasive medical 711 
procedures and performed using aseptic techniques. The acupuncture needles used will be sterile and 712 
individually packaged. Reportable adverse events will include: 713 
a. syncope 714 
b. infection at the acupuncture site 715 
c. allergic contact dermatitis at the acupuncture site 716 
d. excess bleeding at the acupuncture site 717 

 718 
C.9 Xerostomia acupuncture research at M. D. Anderson and Fudan Cancer Hospital 719 

 720 
A single-arm pilot study completed at M. D. Anderson assessed whether radiation-induced xerostomia could be 721 
reversed using acupuncture (25). A total of 19 patients received 8 treatments over 4 weeks, with weekly 722 
assessments during treatment and then at week 5 and week 8 (1 month after treatment). Fifteen patients 723 
received IMRT, and subset analysis did not reveal any significant relationship between the amount of radiation 724 
received and response to acupuncture. The median interval from completion of radiation therapy to start of 725 
acupuncture was 21.5 months. Xerostomia scores, as assessed by the Xerostomia Inventory and the Patient 726 
Benefit Questionnaire were significantly better after acupuncture, beginning at week 2 and continuing through 727 
week 8. QOL assessed using the FACT-H&N indicated a significant difference in scores for questions related to 728 
head/neck cancer at weeks 4 and 8 (p=0.04 and p=0.006, respectively). At week 8, there was also a significant 729 
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difference in the physical well-being subscale (p=0.04) as well as in the total score (p=0.03). 730 
 731 
For the past 3 years, we have also been conducting a randomized controlled trial at Fudan Cancer Hospital 732 
examining the effects of acupuncture on prevention of radiation-induced xerostomia. Eighty-five patients were 733 
randomized to receive either acupuncture three times a week during radiotherapy or standard care.  All 734 
patients were treated following the same treatment plan, as proposed in the current study. Self-report 735 
assessments were collected weekly for the 7 weeks of 736 
radiotherapy and on week 11 (1 month after 737 
radiotherapy) and 6 months post treatment. Saliva 738 
flow using unstimulated and stimulated whole saliva 739 
flow rates was measured at baseline and weeks 1, 3, 740 
4, 6, 7, and 11 and 6 months post 741 
acupuncture/radiotherapy. On weeks 3 and 6 the 742 
saliva tests were conducted before the acupuncture 743 
treatments. 744 
 745 
As can be seen in Figure 1, starting in week 3 of 746 
treatment and lasting through the 1-month follow-up 747 
(week 11), the XQ scores were significantly lower for 748 
patients who received acupuncture (GLMM 749 
analyses, including a quadratic term for time). By 750 
the end of treatment and 1 month later, the group 751 
differences were 10 points or greater [week 7: 752 
acupuncture = 44.2 vs control = 54.5 (effect size = 753 
0.80); week 11 acupuncture = 32.2 vs control = 41.5 754 
(effect size = .68)]. Importantly, the mean score in 755 
the acupuncture group dropped to just above 30, 756 
which is viewed as a clinically significant response 757 
(22, 74). Examination of XQ scores of 30 or above 758 
by group using chi square analyses showed that by 759 
week 11, the acupuncture group had significantly 760 
fewer patients with scores over 30 suggesting 761 
clinically significant differences (week 11- 762 
acupuncture 60.0%; control 88.4%, P < 0.004). In 763 
addition, the effect size differences also suggest 764 
clinically significant differences (25, 86, 87).  Similar 765 
findings are seen in Figures 2 and 3 for quality of life 766 
assessed with the MDASI-HN. 767 

 768 

 769 
 770 
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Importantly, the measures of saliva flow, both stimulated and unstimulated, also indicated improvement for the 771 
acupuncture group (Figure 4). This was true even when the saliva sampling was done before the start of 772 
acupuncture treatment, as on weeks 3 and 6 (sampling done after acupuncture treatment on weeks 1, 2, 4, 5, 773 
and 7). Group differences emerged as early as week 2 and remained significant through week 11.  774 
 775 
 776 
 777 
 778 
 779 
 780 
C.10 Progress Report Since Last Review 781 

 782 
The original application was submitted in June 2009. Since then, we have completed a 6-month follow-up of 70 783 
of the original 85 patients from the randomized trial to examine the duration of the response. Although both 784 
groups had a reduction in xerostomia symptoms, the difference in XQ scores between groups remained about 785 
the same, with lower scores in the acupuncture group (acupuncture = 21.9 vs control = 34.0, p < 0.0006). 786 
Examination of XQ scores of 30 or above using chi square analyses showed that by 6 months, the acupuncture 787 
group had significantly fewer patients with scores over 30 (acupuncture 27.6%; control 63.6%, p = 0.005). The 788 
group differences in MDASI-HN scores also remained different (MDASI-HN Symptoms: acupuncture = 2.6 vs 789 
control = 4.6, p = 0.07; MDASI-HN Interference: acupuncture = 2.6 vs control = 4.0, p = 0.02). Importantly, 6 790 
months after the end of radiotherapy, the measure of stimulated saliva flow indicated continued improvement 791 
for the acupuncture group (acupuncture = 1.57 vs control = 0.95, p = 0.003). For unstimulated saliva flow, 792 
group means were in the expected direction but were not statistically significantly different (acupuncture = 0.50 793 
vs control = 0.46, p = 0.60). The proposed trial will allow us to follow a larger sample size out to 12 months to 794 
determine the stability of the response.  795 

 796 
Since this grant application was last reviewed, we also completed a small placebo/sham acupuncture trial at 797 
Fudan Cancer Hospital in order to demonstrate the feasibility and examine initial efficacy. This pilot trial used a 798 
design similar to that of the previous trial and the one outlined in the proposed study, including the 799 
inclusion/exclusion criteria (e.g., patients undergoing IMRT). Of the 30 eligible patients approached, 21 patients 800 
consented and were randomly assigned to real or sham acupuncture. The recruitment rate was similar to that 801 
in the previous study, and the research nurse remained blinded to group assignment. The XQ was collected 802 
weekly starting at baseline for the duration of radiotherapy and then again 1 month later. Salivary flow rate was 803 
collected at baseline, and weeks 1, 3, 4, 6, and then again 1 month later. Although the main purpose of this 804 
pilot trial was simply to show feasibility of doing a 805 
placebo-controlled trial, initial examination of the data 806 
suggests improved outcomes for the true versus 807 
sham acupuncture. In fact, the findings were 808 
remarkably similar to the previous trial, with the 809 
expected lower rate of xerostomia symptoms for both 810 
groups due to patients undergoing IMRT. However, 811 
there were significant group differences starting in 812 
week 3 for XQ levels (see Figure 5). The saliva flow 813 
outcomes were in the expected direction, but due to 814 
the small sample size and high variance, differences 815 
did not reach statistical significance (see Figures 6 816 
and 7). 817 
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 818 
 819 
 820 

The sham group remained blinded, with all patients believing they were in the active acupuncture group. 821 
Importantly, there was no indication that the sham treatment protocol had an impact on the development of 822 
xerostomia (similar outcomes to the standard care group from the previous trial, although slightly diminished 823 
XQ score due to IMRT). However, a larger trial is necessary to confirm that the placebo treatment group is in 824 
fact similar to the standard care group. Based on the positive findings on subjective (XQ) and objective 825 
(salivary flow) measures from the previous trial that compared acupuncture to standard care, it is important at 826 
this stage to conduct a large phase III clinical trial, as outlined in the proposed study, comparing true 827 
acupuncture to sham acupuncture and standard care. 828 

 829 
In summary, our research group has had extensive experience conducting clinical trials at both M. D. Anderson 830 
and Fudan Cancer Hospital, and we have been able to implement the highest level of quality control in the 831 
oversight of the trials. Initial clinical evidence from our studies conducted at Fudan University Cancer Hospital 832 
suggests that acupuncture can prevent the development of xerostomia and reduce the symptoms of 833 
xerostomia when it develops after radiotherapy in patients with NPC. The proposed study will extend these 834 
findings by (1) ensuring the effects are not simply attributable to placebo, (2) examining the benefits for an 835 
extended period of time, and (3) conducting the trial at a second center in patients with a different type of head 836 
and neck cancer to determine the generalizability of the findings. 837 
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 1085 

Supplement 1:  Summary of Protocol Revisions 1086 

IRB 
Approval 

Date 

Change Rationale 

4/30/2012 1. Removed Exclusion Criteria #10: [Patients] Participants who are taking, or who have 
taken any investigational new drug within the past 30 days, or who are planning to take 
such a drug during the course of the study. 

2. The following text was added for study procedures: 

Treatment will be withheld if lab values are not within an acceptable range (ANC>500; platelet 

count>20K\ml; INR, 3.0); if the study participant is diagnosed with a mental incapacitation or significant 

emotional or psychiatric disorder that interferes with his/her ability to cooperate with study procedures; 

or if a participant receives any heparin or warfarin during the treatment period. 

Participants will be dropped from the study, at any point during the study, if the participant begins 

taking a prohibited medication (Appendix F) or if the participant encounters a cerebrovascular accident 

or spinal cord injury. 

3. The “Other acupuncture” measure was added to the study evaluations. 

1. We have revised our eligibility criteria #10 in order to increase 
participant recruitment rates. 

2. The new text was included to clarify treatment procedures with 
regards to changes in blood count, mental health or exclusionary 
medications during treatment and study period. 

3. Other acupuncture measure included to assess if the participant uses 
any acupuncture outside of the study. 

8/13/2012 1. Change was made to procedures to collect necessary vital and medication data from the 
patient charts and/or over the phone in the event that the patient was unable to come to 
the MD Anderson appointment. 

2. Added a questionnaire phone script to the evaluations 

1. The change was made to be able to abstract the necessary vitals and 
medication from the patient charts/over the phone. To help increase 
patient compliance by giving more flexibility around their clinic 
schedules. 

2. To help increase patient compliance by giving more flexibility around 
their clinic schedules. Included for use when obtaining questionnaires 
over the phone. 

10/24/2013 1. Changes made to the sham acupuncture treatment to add a correction plan for those 
male participants who have a beard: 

The sham procedure for participants in G2 is: Sham Location 1 - placebo needle at inactive point 
located 0.5 cun below and 0.5 cun lateral to CV 24 on the chin (for participants who have beards this 
point may be omitted and indicated on treatment forms). 

1. Included as a corrective action plan on deviation log for male 
participants randomized to the sham group for the chin location (S1) if 
they have a beard. 

2/28/2014 1. Change made to exclusion criteria # 10: Added the text “certain” beta adrenergic 
antagonists. Atelonol, Carvedilol and Metoprolol Succinate were eliminated of the list of 
prohibited medications. 

 
Old Text (if applicable): Participants taking amifostine, cholinergic agonist medications (pilocarpine, 
cevimeline), beta adrenergic antagonists, anticholinergic agents, saliva substitutes or other medications 
known to affect salivary function will also be excluded. 

 

New Text: Participants taking amifostine, cholinergic agonist medications (pilocarpine, cevimeline), certain 
beta adrenergic antagonists, anticholinergic agents, saliva substitutes or other medications known to affect 
salivary function will also be excluded 

1.  Change made as a clarification of prohibited meds. Atelonol, 
Carvedilol and Metoprolol Succinate were eliminated of the list of 
prohibited medications. 
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 1087 
6/9/2014 1. Change made to procedures text on page 6 to include the analysis of salivary 

constituents at mid treatment: 
 

Old Text (if applicable): All measures will be collected again during the course of radiation treatment (mid- 
treatment, except for the assessment of salivary constituents), at the end of the radiation treatment period, 
and at 2-4, 5-9, and 10-15 months. 

 

New Text: All measures will be collected again during the course of radiation treatment mid-treatment, at the 
end of the radiation treatment period, and at 2-4, 5-9, and 10-15 months. 

1. The change was made to include the analysis of salivary constituents 
at mid treatment. 

10/31/2014 1. Changes made to the overview and design text on page 4 in order to increase accrual 
at Fudan Cancer Hospital: 

 
Old Text (if applicable): Half the patients in each group (n=50) will be recruited from each center (150 
patients/center) for a total sample size after attrition of 300 patients (375 patients before attrition) 

 

New Text: Patients will be recruited from each center for a total sample size after attrition of 300 patients 

(375 patients before attrition) 

1. Changed wording in order to increase accrual rate at Fudan Cancer 
Hospital, as MD Anderson was struggling to meet accrual goals, but 
overall sample size remained the same. This allowed us to complete 
recruitment within a reasonable timeframe. 

3/4/2015 1. Change made to the sample size from 300 to 435 patients. 
2. Changes made to sample size calculations since the study sample size went from 300 

to 435. The drop-out rate went from 20% to 31%. 

1. Increased accrual due to the rate of inevaluable higher than 
expected. 

2. Adjustment to the sample size calculations drop-out rate to reflect 
changes made to the study sample size. 
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 1088 
 1089 
 1090 

Supplement 1:  Summary of Statistical Analysis Revisions 1091 

IRB 
Approval 

Date 

Change Rationale 

1/07/2013 1. We added the following text to include a description for interim analysis: 

We will evaluate the data on a yearly basis by performing a yearly interim analysis. Our primary 
outcome is self-reported xerostomia symptoms using the Xerostomia Questionnaire (XQ). At each 
interim analysis, we will examine the difference in change scores (between baseline and the end of 
radiotherapy or 7 weeks) of the XQ between arms. If the true acupuncture arm is less effective than 
other arms and this comparison is statistically significant at <0.001, we will terminate the study 
early (Peto method). These interim analyses will not affect the significance level of the final 
analysis. 
In order to address safety concerns, at each interim analysis we will also evaluate the incidence of 
grade 3 or higher adverse events in each arm separately. If patients in any arm experience more 
than 20% patients experience grade 3 or higher adverse events that are either definitely or 
probably related to acupuncture treatment, we will terminate that arm early. 

1.  Inclusion of description for interim analyses per MD Anderson 
DSMB. Results of interim analyses were not shared with the 
investigators. 
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Supplement 1.  Study Protocol & Statistical Analysis Plan 1092 

 1093 

Final Protocol 1094 

 1095 

1. SPECIFIC AIMS 1096 

 1097 
Xerostomia (dry mouth) is a common problem among cancer patients who have received radiation treatment to 1098 
the head and neck. Xerostomia often severely impairs quality of life (QOL), and available treatments have a  1099 
low success rate. Patients suffering from radiation-induced xerostomia experience taste aberrations,  1100 
dysphagia, odynophagia, difficulty sleeping and speaking, and loss of appetite. Such changes can lead to 1101 
substantial nutritional deficits that can be difficult to reverse. Several pharmaceutical approaches to treatment, 1102 
including saliva substitutes, chewing gum, lozenges, pilocarpine, and amifostine, have yielded limited results. 1103 

 1104 
Studies conducted in the United States and Europe suggests that acupuncture is useful for treating radiation- 1105 
induced xerostomia. No studies, however, have examined the use of acupuncture to reduce the severity of 1106 
radiation-induced xerostomia or measured the duration of response to acupuncture treatment. Initial research 1107 
conducted at The University of Texas M. D. Anderson Cancer Center (M. D. Anderson) and collaborative 1108 
research at Fudan University Cancer Hospital (Fudan Cancer Hospital) in Shanghai, China, found that 1109 
acupuncture can diminish symptoms in patients with xerostomia and could prevent the severity of xerostomia 1110 
symptoms and improve quality of life in patients undergoing radiotherapy. 1111 

 1112 
The proposed multi-center, randomized, placebo-controlled, single blind trial will examine the effectiveness of 1113 
acupuncture at preventing radiation-induced xerostomia in patients undergoing radiotherapy for head and neck 1114 
cancer at M. D. Anderson or nasopharyngeal carcinoma (NPC) at Fudan Cancer Hospital. Prior to receiving 1115 
radiation treatment, patients will be randomized to one of three groups: Group 1 (G1) will receive true 1116 
acupuncture, Group 2 (G2) will receive sham acupuncture, and Group 3 (G3) will receive standard care during 1117 
the radiation treatment period. Subjective and objective measures of xerostomia will be collected prior to, 1118 
during, and at the end of the radiation treatment period as well as 2-4, 5-9, and 10-15 months later, based on 1119 
each patient’s follow-up clinic schedule.  The aims of this study are to:  1120 
 1121 
PRIMARY AIM 1122 
1. Determine if true acupuncture is more effective than sham acupuncture or standard care for preventing 1123 

radiation-induced xerostomia among cancer patients at M. D. Anderson and Fudan Cancer Hospital. The 1124 
primary outcome will be self-reported xerostomia symptoms using the Xerostomia Questionnaire (XQ). 1125 

 1126 
SECONDARY AIMS 1127 
1. Examine group differences in salivary flow rates using unstimulated and stimulated whole saliva flow rates. 1128 

This will provide a more objective measure of salivary function. 1129 
2. Determine if true acupuncture is more effective than sham acupuncture or standard care for reducing the 1130 

incidence of radiation-induced xerostomia. 1131 
3. Examine whether true acupuncture results in better overall quality of life than sham  acupuncture  or 1132 

standard of care. 1133 
4. Determine acupuncture’s effects on saliva-based factors including pH, buffer capacity, and viscosity as well 1134 

as levels of total protein and the neuropeptides calcitonin-gene-related peptide (CGRP) and vasoactive 1135 
intestinal polypeptide (VIP). 1136 

5. Examine the role of expectancy for the benefits of acupuncture in predicting outcomes. The role of 1137 
expectancy as a moderator of the effects of treatment will be thoroughly examined. 1138 
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2. RESEARCH STRATEGY 1139 
 1140 

A. Significance 1141 
 1142 

The proposed research is important for several reasons. The salivary glands are uniquely 1143 
sensitive to damage from irradiation, and the development of radiation-induced xerostomia is 1144 
clearly related to the exposure of salivary tissue. Mean parotid radiation doses >35Gy result 1145 
in permanent xerostomia for most patients with no meaningful likelihood for recovery (1). 1146 
Reduction in salivary flow begins during the first few days of treatment, with an 80% decrease 1147 
noted at 6 weeks. In addition to a decrease in volume, other quantitative changes noted are a 1148 
decrease in salivary pH, an increase in viscosity, and a reduction of salivary constituents (i.e., 1149 
immunoglobulins, buffering capacity, small organic molecules) (2, 3). 1150 

 1151 
Due to the high prevalence of smoking in China (4), head and neck cancer rates are high. In 1152 
China, the incidence of nasopharyngeal cancer (NPC) is higher than in Western countries (5, 1153 
6). Available statistics indicate that the incidence of head and neck cancers in Shanghai is 1154 
14.1/100K and 6.5/100K for men and women, respectively (7). Among these, approximately 1155 
1000 are treated annually with radiation therapy at  Fudan Cancer Hospital, and almost all 1156 
patients receiving radiation to the head and neck area develop xerostomia. Furthermore, in 1157 
the United States, nearly 40,000 patients are diagnosed annually with head and neck cancer, 1158 
and approximately 80% will receive radiotherapy (8). In FY08, more than 1000 patients 1159 
diagnosed with head and neck cancer were seen at M. D. Anderson and 466 underwent 1160 
radiation treatment. 1161 

 1162 
During the past decade, several new strategies to prevent radiation-induced xerostomia have 1163 
been investigated including: 1) improved targeting of the radiation beam through intensity-1164 
modulated radiation therapy (IMRT); 2) development of radioprotective agents such as 1165 
amifostine, and; 3) new surgical techniques that involve relocation of the submandibular 1166 
gland to the submental space before radiation treatment. These approaches are limited by 1167 
several factors, including technological constraints, primary site of disease, and proximity of 1168 
the tumor and involved lymph nodes to the parotid glands. Treatment for xerostomia is, at 1169 
best, palliative for symptom relief. Several approaches, including saliva substitutes, chewing 1170 
gum, lozenges, pilocarpine, and amifostine, have been attempted with limited results and low 1171 
acceptance due to unpleasant side effects (9-17). Also, pilocarpine is not  commonly  used  in  1172 
China,  where  there  is  currently  no  widely accepted treatment for radiation-induced 1173 
xerostomia. Although IMRT has been shown to reduce the incidence of late grade 2 1174 
xerostomia (18, 19), all patients do not receive IMRT, and it is not commonly available in 1175 
many areas of China. Also, IMRT only partly spares the parotid glands and minor salivary 1176 
glands within the oral cavity; thus, the development of xerostomia remains high (20-24). In a 1177 
pilot trial at M. D. Anderson investigating the use of acupuncture to treat radiation-induced 1178 
xerostomia (25), most participants had received IMRT, yet these patients still benefited from 1179 
the acupuncture treatment (see Preliminary Studies C.8). 1180 

 1181 
Acupuncture therapy has been practiced in China and other regions for thousands of years. 1182 
According to the World Health Organization, it is used in at least 78 countries worldwide (26). 1183 
The therapeutic effects of acupuncture treatment range widely, and Eastern cultures 1184 
commonly use it for a variety of conditions from alleviation of general fatigue to the treatment 1185 
of specific diseases (27). According to traditional Chinese medicine (TCM), acupuncture 1186 
points are specific sites along meridians that are related to internal organs. Modern 1187 
anatomical and physiological studies have found that these acupoints are areas on the skin 1188 
surface with lower electrical resistance and increased conductance compared to that of their 1189 



27 
 

immediate environment (28). Some studies have shown that acupuncture points correspond 1190 
to peripheral cranial and spinal nerve endings (29). To stimulate these points, the most 1191 
common technique remains penetration of the skin by thin, solid, metallic needles, which are 1192 
manipulated manually or by electrical stimulation. 1193 

 1194 
From a TCM perspective, loss of body fluids is considered a Yin deficiency syndrome (30). 1195 
Although Yin deficiencies may be related to various organ systems, xerostomia is primarily 1196 
considered a deficiency of the Stomach and/or Kidney Yin. Individual patients may 1197 
concomitantly exhibit signs and symptoms of Lung Yin, Heart Yin, and/or Qi-Blood 1198 
deficiencies as well as any number of other underlying imbalances. Most xerostomia studies 1199 
conducted to date that base acupuncture point selection on classical TCM theory have been 1200 
designed to address Stomach and/or Kidney Yin deficiency and “clear heat.” Heat in TCM 1201 
dries body fluids and can occur in both excess and deficiency states. In xerostomia patients, 1202 
excess heat is caused from the radiation and deficiency heat is caused by the underlying Yin 1203 
imbalance. 1204 

 1205 
A number of positive clinical trials (25, 31-41) have been conducted examining the use of 1206 
acupuncture to treat radiation-induced xerostomia (See Appendix C for a Table summarizing 1207 
the findings). However, two systematic reviews (42, 43) indicated that most of these trials 1208 
have been small and methodological rigor is often lacking, indicating the need for larger 1209 
randomized trials. 1210 

 1211 
Neuronal substrates involved in changes in saliva production after stimulation of acupuncture 1212 
point LI-2 have been explored by Deng and colleagues (44) using functional magnetic 1213 
resonance imaging. In this randomized, sham-controlled cross-over trial, 20 healthy 1214 
volunteers received both true and sham acupuncture in random order. Unilateral manual 1215 
acupuncture was associated with bilateral activation of areas of the brain where gustatory, 1216 
olfactory, visual stimuli and signals from expectation/suggestion are integrated. Sham 1217 
acupuncture did not produce this effect. Furthermore, true acupuncture caused significantly 1218 
more saliva production in participants than sham acupuncture (p=0.02), and there was a 1219 
positive correlation (r=0.63) between the amount of saliva produced and changes in the 1220 
regions of interest volume. This brain imaging trial, along with the other small positive studies, 1221 
suggests further research is needed in this area. Finally, there needs to be a better 1222 
understanding of the putative biological mechanisms involved in the treatment of xerostomia 1223 
using acupuncture. 1224 

 1225 
This trial seeks to improve scientific knowledge regarding the benefits of acupuncture for 1226 
xerostomia by conducting a multi-center, placebo-controlled, phase III clinical trial of 1227 
acupuncture to prevent xerostomia. In addition to self-report measures of xerostomia and 1228 
quality of life (QOL), we will quantify changes in saliva flow and examine potential 1229 
mechanisms through quantitative assessment of changes in saliva following acupuncture 1230 
treatment. Although other studies (2, 3) have evaluated salivary viscosity, pH, and buffering 1231 
capacity related to xerostomia, changes in these measures in response to acupuncture have 1232 
not been investigated. We will also expand data from previous acupuncture studies (38, 39) 1233 
reporting changes in objective indices by measuring changes in calcitonin-gene-related 1234 
peptide (CGRP) and vasoactive intestinal polypeptide (VIP). 1235 

 1236 
B. Innovation 1237 

 1238 

Since the mid-1990s, studies conducted by different investigators from both the United States 1239 
(25, 31, 35, 44-47) and Europe (34, 36-41, 48, 49) have shown that acupuncture can have a 1240 
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positive effect on symptoms related to radiation-induced xerostomia. Patients have reported 1241 
relief in as few as 5 treatments with benefits lasting up to 3 years. Only our two studies (see 1242 
sections C.8 and C.9), however, have examined whether acupuncture can prevent this often-1243 
debilitating side-effect of radiation treatment from occurring or if it can diminish the symptoms 1244 
once it develops. There have also been no large, definitive, phase III placebo- controlled trials 1245 
to determine whether acupuncture is an effective treatment for managing radiation-induced 1246 
xerostomia. 1247 

 1248 
Most previous trials of acupuncture to treat xerostomia have been single-institution studies. 1249 
Furthermore, few studies have examined NPC, as it is not prevalent in Western countries, 1250 
which is where all the previous research on acupuncture for xerostomia has been conducted. 1251 
The proposed trial is unique in that we will extend the findings from our phase II trial and pilot 1252 
placebo-controlled trial conducted at Fudan Cancer Hospital by now conducting a multi-1253 
center, placebo-controlled, phase III clinical trial of acupuncture to prevent xerostomia in 1254 
patients with NPC and other head and neck cancers (mainly oropharyngeal cancer). The 1255 
inclusion of a placebo control group will allow us to more definitively determine the benefits of 1256 
acupuncture for preventing this difficult-to-manage side effect of radiotherapy to the head and 1257 
neck. Examining the effects within two different cancer populations, at two different centers, in 1258 
two different countries, will increase the generalizability of our findings. Importantly, in addition 1259 
to using validated self-report measures for xerostomia accepted by the Food and Drug 1260 
Administration as the “gold standard” for the approval of treatments for xerostomia, we will 1261 
assess more general aspects of QOL, assess objective measures of salivary flow, and 1262 
quantify changes in potential mechanisms through assessment of salivary constituents. 1263 

Another innovative aspect of this study involves evaluation of participant expectations on 1264 
outcomes. This will allow further exploration of how psychological phenomena may be related 1265 
to outcomes in acupuncture research. Although well-conducted, placebo-controlled clinical 1266 
trials have offered insights into the efficacy of acupuncture, the substantial effect seen in 1267 
many placebo acupuncture groups presents a significant challenge in interpreting treatment 1268 
results. Many studies, including several meta-analyses (50-56), have found that both real and 1269 
placebo acupuncture produce statistically and clinically significant changes when compared 1270 
to no treatment or standard/enhanced medical care. These findings suggest that the effect 1271 
found in placebo acupuncture groups cannot be entirely attributed to either regression to the 1272 
mean or natural disease processes; thus, the “non-specific” effect of acupuncture must be 1273 
responsible in part for patients’ clinical response. Nevertheless, until we can parse the 1274 
components that make up the “non-specific” effect, this effect, powerful as it may be, is likely 1275 
to be discarded from a scientific standpoint. Years of psychological research has found that 1276 
expectancy is one of the central pieces in this so-called “non-specific” effect. In particular, 1277 
response expectancy, a form of outcome expectancy defined as “expectations held by the 1278 
individual about one’s own emotional and physiological response” related to a situation or 1279 
therapy, may produce important clinical changes (57). In a systematic review, Crow et al. (58) 1280 
showed that when clinicians stated positive outcome expectations as opposed to uncertain 1281 
expectations, most studies found improvements in patient self- reports of anxiety, pain, and 1282 
distress. 1283 

 1284 
A few studies have explored the association between expectancy and clinical outcomes in the 1285 
context of acupuncture (59, 60). While these studies provided preliminary evidence that 1286 
greater expectancy may produce better clinical response, none used a validated instrument 1287 
to measure expectancy. In the proposed study, we will use an expectancy questionnaire that 1288 
has been validated in both English and Mandarin (61). Investigating expectancy as part of the 1289 
complex mind-body interactions of acupuncture care will likely yield important knowledge that 1290 
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is both scientifically sound and clinically meaningful to patients who suffer from xerostomia 1291 
and other distressing symptoms. 1292 

 1293 
C. Approach 1294 

C.1 Overview and Design 1295 
The primary purpose of this trial is to investigate whether true acupuncture is more effective 1296 
than sham acupuncture or standard care for preventing radiation-induced xerostomia. Prior to 1297 
radiation therapy, patients will be randomized into three groups: G1 (n=100) will receive true 1298 
acupuncture, G2 (n=100) will receive sham acupuncture, and G3 (n=100) will receive 1299 
standard care. Patients in the acupuncture treatment groups will receive up to 21 treatments 1300 
over the course of radiotherapy with no more than 3 treatments per week. The duration of 1301 
acupuncture therapy in the proposed study is the same as in our pilot trials. It has been 1302 
shown to have a good effect in our phase II trial and small placebo controlled trial conducted 1303 
at Fudan Cancer Hospital. Furthermore, inconvenience is minimized for participants because 1304 
acupuncture is provided on the same day as radiation therapy. 1305 

 1306 
Potential study participants will be identified by faculty in the departments of Radiation 1307 
Oncology at Fudan Cancer Hospital and M. D. Anderson and referred to the research nurse 1308 
for assessment of eligibility and informed consent counseling. Potentially eligible patients will 1309 
be contacted in person when they are in the clinic so that the research nurse can describe the 1310 
study in detail, answer the patients’ questions, and assess their interest in the study. 1311 
Approximately half the patients will be recruited from each center (193 patients at MD 1312 
Anderson and 242 at Fudan) for a total sample size of 435 patients (see Appendix D. Study 1313 
Schema, Study Schedule, Study Timeline). 1314 

 1315 
C.2 Eligibility and Participants 1316 

Inclusion criteria: Adult ≥ 18 years of age and able to give informed consent; Diagnosed 1317 
with head and neck cancer, which will be primarily oropharyngeal, and scheduled to undergo 1318 
IMRT with or without concurrent chemotherapy at M. D. Anderson. Treatment plan that 1319 
includes external beam radiation at a mean dose of at least 24 Gy or more to one of the 1320 
parotid glands (the other gland can receive less than 24 Gy); Anatomically intact parotid and 1321 
submandibular glands; Karnofsky performance status > 60 (see Appendix E); 1322 

 1323 
Exclusion criteria: History of xerostomia prior to head and neck radiation therapy or history 1324 
of Sjögren's disease or another underlying systemic illness known to cause xerostomia; Prior 1325 
head and neck radiation treatment; Suspected or confirmed physical closure of salivary gland 1326 
ducts on either side; Known bleeding disorders or taking any dose of warfarin or heparin; 1327 
Upper or lower extremity deformities that could interfere  with accurate acupoint location or 1328 
alter the energy pathway as defined by traditional acupuncture theory; Local skin infections at 1329 
or near the acupuncture sites or active systemic infection; History of cerebrovascular accident 1330 
or spinal cord injury since the mechanism of acupuncture may be associated with central 1331 
nervous system activity; Mental incapacitation or significant emotional or psychiatric disorder 1332 
that, in the opinion of the investigator, precludes study entry as these patients may not be 1333 
able to cooperate with this slightly invasive procedure or with the data collection process; 1334 
Current acknowledged use of any illicit drugs or evidence of alcohol abuse as defined by The 1335 
American Psychiatric Association criteria (62); Current acknowledged use of other alternative 1336 
medicines, such as herbal preparations, that could affect salivary function. If a patient is using 1337 
any salivary substitute, they will be asked to refrain from using for at least 24 hours prior to 1338 
saliva and questionnaire data collection. Each patient will be asked for a list of herbal 1339 
supplements they are currently taking, and this will be reviewed on an individual basis. 1340 
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Patients will be excluded if they are taking any herbs known or suspected to affect salivary 1341 
function. Participants taking amifostine, cholinergic agonist medications (pilocarpine, 1342 
cevimeline), certain beta adrenergic antagonists, anticholinergic agents, saliva substitutes or 1343 
other medications known to affect salivary function will also be excluded (see Appendix F). If 1344 
a patient reports use of one of the prohibited medications, they will be considered non-1345 
compliant and dropped from the study. Finally, participants will be excluded who are currently 1346 
receiving acupuncture for any condition or if they have ever used acupuncture before. If a 1347 
participant is admitted to the hospital for any reason during the treatment period, an in- 1348 
patient order for treatment will be requested. 1349 

 1350 
Participants: Over 400 patients undergo IMRT radiation for head and neck cancer each year 1351 
at M. D. Anderson or one of its satellite clinics. Within the next 2 years at least two more 1352 
satellite clinics will open, increasing the possible patient base. At Fudan Cancer Hospital, 1353 
approximately 450 patients undergo IMRT for NPC each year. Our pilot study experience at 1354 
both institutions suggests that approximately 70% of these patients will be eligible for the 1355 
proposed study. Therefore, at least 500 patients will be eligible per year for a total of over 1356 
1500 patients during the 36 months designated for recruitment. 1357 

 1358 
All eligible patients will be asked to participate. We expect a relatively modest acceptance 1359 
rate of approximately 60%. Patients generally decline either because they do not want to be 1360 
randomized or because of time constraints. This conservatively estimated patient accrual rate 1361 
would permit us to recruit at least 70 patients per year at each institution. In our previous 1362 
studies, the attrition rate was less than 20%; however with longer follow-up, we expect the 1363 
rate will increase somewhat. Thus, with even slightly higher attrition, we will still be able to 1364 
accrue at least 50 evaluable patients per year per institution, for a total of 300 evaluable 1365 
patients over the approximate 3 years of recruitment (n=100 per group; n=125 per group 1366 
before attrition). 1367 

 1368 
C.3 Procedures 1369 
After informed consent and prior to randomization and radiation treatment, the research 1370 
nurses will collect baseline measures. Patients will be informed the study is examining the 1371 
effects of two different forms of acupuncture delivered during radiotherapy. This is important 1372 
because in most previous sham-controlled acupuncture trials patients could accurately guess 1373 
group assignment. In this trial, patients in both acupuncture groups are in fact getting real 1374 
needles inserted at real acupuncture points on the body and, therefore, this is technically 1375 
classified as real acupuncture. Therefore, this is not deception and, in fact, we do not actually 1376 
know whether G1 will have any better outcomes than G2. In reality, we are testing two forms 1377 
of acupuncture. When a patient in G2 finishes the trial, we will debrief them to let them know 1378 
that they were in an acupuncture group that we were uncertain if it would work or not. We will 1379 
offer them three free sessions of acupuncture after the 12 month follow-up assessment. 1380 

A modified medical examination of participants will be obtained that includes a medical 1381 
history and physical; review of systems, concomitant medications, and head and neck 1382 
malignancy; surgical and radiation history; and planned radiation treatment. Self-report 1383 
measures and sialometry measurements, including unstimulated whole salivary flow rate 1384 
(USFR) and stimulated whole salivary flow rate (SSFR), will be completed. In order to identify 1385 
potential mechanisms associated with acupuncture elicited stimulation of saliva secretion, 1386 
measurement of pH and buffering capacity will be performed on fresh saliva from SSFR. 1387 
Samples will then be frozen for later analysis of viscosity, total protein and neuropeptides, 1388 
including CGRP, and VIP. After all analyses are complete, the saliva samples will be 1389 
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destroyed. 1390 
 1391 

At each acupuncture visit, vital signs (blood pressure, pulse) will be taken, and medications 1392 
will be reviewed prior to the acupuncture treatment. Since the SC group does not receive 1393 
acupuncture, they will not have vital signs taken and medications will not be reviewed on a 1394 
weekly basis. All measures will be collected again during the course of radiation treatment 1395 
(mid-treatment; except the assessment of salivary constituents), at the end of the radiation 1396 
treatment period, and at 2-4, 5-9, and 10-15 months. These assessments may be collected 1397 
over the phone if the patient is unable to come to MD Anderson. Patients will also be asked 1398 
to complete a form about their oral hygiene. All patients will be provided with standard oral 1399 
care recommendations. These include keeping their mouth clean by brushing their teeth at 1400 
least two times a day and preferably after each meal. They will be also encouraged to not use 1401 
candies, lozenges, or drink sugary beverages. They will also be told to consume up to 1.5 1402 
liters a day of water to help diminish the effects of radiation-induced xerostomia and keep 1403 
hydrated. 1404 

 1405 
Follow-up assessments will be obtained 2-4, 5-9, and 10-15 months after the end of radiation 1406 
treatment for a total of 6 assessments (baseline; middle of radiotherapy; end of radiotherapy; 1407 
and 2-4, 5-9, and 10-15 months after the end of radiation treatment). Participants will be 1408 
given a small gift certificate (100 RMB [approximately 1409 
$15] value at Fudan Cancer Hospital; $35 value at M.  D. Anderson) for completing each 1410 
assessment. After all data are collected at the 12-month follow-up visit,  patients in the G2 1411 
and G3 study arms will  be  offered true acupuncture treatment for free for one week (3 1412 
treatments). For the complete study schema, schedule, and timeline please see Appendix D. 1413 
All data collection will be conducted by research staff who are blinded to group assignments. 1414 
A procedures manual will be developed that will include all aspects of conducting the trial, 1415 
including the acupuncture treatments. 1416 

 1417 
Patients will be randomized by a form of adaptive randomization, called minimization, 1418 
because simple randomization could result in covariate imbalances (63). Statistical 1419 
adjustment of covariates can take imbalances into consideration, but results are generally 1420 
more credible when they are obtained from groups with comparable baseline distributions. In 1421 
minimization, group assignment is done sequentially. In this study, the patient characteristics 1422 
used for group assignment will be stage of disease, age (running mean), sex, the mean 1423 
planned parotid doses (left and right side will be calculated separately and balanced between 1424 
groups; <10, 10-<20, 20-<26, 26-<30, 30-<35, 35-<40, 40-<50, 50-<60, >60), induction 1425 
therapy (yes/no), and concurrent chemotherapy (yes/no). Randomization will be conducted at 1426 
each site separately. This will ensure equal distribution of all factors across all groups and 1427 
balanced at each site. Information on group assignment will be only communicated to the 1428 
acupuncturists by the data managers to insure that the research staff remains blinded. 1429 

 1430 
Treatment will be withheld if lab values are not within an acceptable range (ANC>500; platelet 1431 
count>20K\ml; INR, 3.0); if the study participant is diagnosed with a mental incapacitation or 1432 
significant emotional or psychiatric disorder that interferes with his/her ability to cooperate 1433 
with study procedures; or if a participant receives any heparin or warfarin during the treatment 1434 
period. 1435 

 1436 
Participants will be dropped from the study, at any point during the study, if the participant 1437 
begins taking a prohibited medication (Appendix F) or if the participant encounters a 1438 
cerebrovascular accident or spinal cord injury. 1439 

 1440 
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C.4 Acupuncture Treatment Procedures 1441 
Treatments will be given in the acupuncture clinics at M.  D. Anderson and Fudan Cancer 1442 
Hospital. Patients will be placed in a supine position and, thus, blocked from seeing any of 1443 
the needles. The needles will remain in place for 20 minutes with each treatment. 1444 
Standardized techniques for point location will be utilized, which are based on anatomical 1445 
landmarks as well as proportional measurements using the patient's own body. For example, 1446 
finger breadth is based on each patient's middle finger, and the proportional unit of measure, 1447 
the "cun," is defined as the distance between the two medial ends of the creases of  the 1448 
interphalangeal joints  when the middle finger is flexed (30, 64). The acupuncture procedures 1449 
will be performed using standardaseptic technique (64). The needles come in individual 1450 
sterile packages, and the same level of sterility as that used for an invasive medical 1451 
procedure will be applied. 1452 

 1453 
All treatment providers will be licensed, experienced acupuncturists. The acupuncturist and 1454 
research nurses at Fudan Cancer Hospital have been trained at M. D. Anderson. Any new 1455 
acupuncturists will have one-on-one training with the lead research acupuncturist from M. D. 1456 
Anderson (Dr. Kay Garcia). All acupuncturists will also participate in a video-based training 1457 
program. At the end of the training period, a return demonstration of 10 treatments (5 active 1458 
and 5 sham) on individuals who are not potential study subjects will be required. Finally, in 1459 
order to ensure continued quality control, participating acupuncturists will be observed and 1460 
evaluated three times per year. Faculty and staff from M. D. Anderson will also visit Fudan 1461 
Cancer Hospital twice a year to check on the running of the trial. We are confident in the 1462 
quality control procedures in place as we have been conducting collaborative research now 1463 
for over 6 years, including the specifics of this protocol in two different trials at Fudan Cancer 1464 
Hospital. 1465 

 1466 
a. True acupuncture 1467 
Although many point combinations could be used, the investigators have attempted to identify 1468 
a set of acupuncture points that integrates TCM and biomedicine, with a focus on using a 1469 
minimal number of sites.  The active acupuncture points for this study were selected on the 1470 
basis of successful experience from our pilot studies as well as on previously published trials 1471 
(35-41, 45, 46, 65-67). Points were also selected on the basis of their indications according to 1472 
the classical theory of TCM (30, 64) and current understanding of the various anatomical 1473 
locations and neurovascular tissues associated with each point (68). 1474 

 1475 
The body acupuncture points selected for this protocol are Ren 24, Lung 7 (LU 7), and 1476 
Kidney 6 (K6). One placebo needle will also be placed at Gallbladder 32 (Gb32) on the right 1477 
side. This is intended to provide participants in the active treatment group with a stimulus that 1478 
will not elicit De Qi sensation. Ear points selected are Shenmen, Point Zero, Salivary Gland 2' 1479 
(SG 2-prime), and Larynx. Except for Ren 24, which is located in the midline and the placebo 1480 
needle at Gb32, all points will be treated bilaterally. The only facial point used in this study will 1481 
be Ren 24. After careful consideration and discussion, we have chosen not to use points on 1482 
the face that were selected in some prior studies (i.e., Stomach 4-7). Even though problems 1483 
are rare, we prefer to err on the side of precaution and avoid needling tissues that may still be 1484 
friable or easily injured after radiation. Furthermore, Johnstone et al. (35, 45, 46) obtained 1485 
good results without using facial points. Ren 24 is located in the midline and should not pose 1486 
a problem. Patients will be excluded from the study, however, if there is any indication of skin 1487 
irritation or infection at this location. 1488 

 1489 
Needle insertion endpoints will be the standardized recommended depth of insertion (30, 64) 1490 
or achievement of De Qi sensation per the acupuncturists’ determination. De Qi is a feeling of 1491 
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tingling, aching, numbness, or warmth at the acupuncture site. Acupuncturists also describe 1492 
this feeling as if the muscle is grabbing the needle. Propagation of this sensation along 1493 
acupuncture channels is thought to carry the therapeutic signal to target areas (30, 68). Once 1494 
the standard depth of insertion or De Qi is achieved at the body points, the needles will not be 1495 
manipulated further unless one becomes displaced. No electrical stimulation will be applied to 1496 
the needles in this study. Acupuncture needles used for the body points will be 0.25 x 40-mm 1497 
in length and for the ears 0.16 x 15-mm in length (see Appendix G for further details). 1498 

 1499 
b. Sham acupuncture 1500 
Well-designed clinical acupuncture trials require a sham procedure that is indistinguishable 1501 
from the real treatment, yet inactive. Although no “gold standard” has been established for 1502 
placebo controls in acupuncture trials, ideally, non-penetrating needles placed at inactive 1503 
points should be used. Park and colleagues validated a non-penetrating, telescoping needle 1504 
with a separate device that attaches it to the skin (69, 70). This device will be used on body 1505 
points in the proposed study but is too heavy and bulky for use on auricular points. For sham 1506 
auricular points, Usichenko and colleagues have used points on the helix of the ear with 1507 
success in 3 different studies (71-73). We propose to use a similar procedure for this study. 1508 

The sham procedure for participants in G2 is: Sham Location 1 - placebo needle at inactive 1509 
point located 0.5 cun below and 0.5 cun lateral to CV 24 on the chin (for participants who 1510 
have beards this point may be omitted and indicated on treatment forms); Sham Location 2 - 1511 
placebo needle at inactive point located 0.5 cun radial and 0.5 cun proximal to SJ 6 between 1512 
SJ and LI Channels (bilateral upper extremities); Sham Location 3 - placebo needle at 1513 
inactive point located 1.0 cun below and 0.5 cun lateral to St 36, between St and Gb 1514 
Channels (bilateral lower extremities). In order to elicit De Qi in the control group, one 0.25 x 1515 
40mm acupuncture needle will be used at Gb 32 above the right knee. This point is not 1516 
indicated for dry mouth.  Finally, four 0.16 x 15mm acupuncture needles on the helix of each 1517 
ear (8 ear points) will be included.  Location of inactive points will be confirmed with an 1518 
electrodermal point finder. 1519 

 1520 
The sham treatment will be given according to the same schedule as the true acupuncture 1521 
treatment. Participants in both groups will be placed in a comfortable position. Each point will 1522 
be identified and marked on the skin. A total of 14 points will be used in both groups. As the 1523 
active acupuncture group  is  receiving treatment using a placebo needle and the placebo 1524 
acupuncture group is receiving active treatment at a real acupuncture point (both at Gb 32) 1525 
and with acupuncture needles inserted at inactive points on the ear, the blinding of the two 1526 
groups should be excellent. In the two-arm placebo-controlled pilot study conducted at Fudan 1527 
Cancer Hospital using the same two acupuncture groups (G1 and G2), perfect blinding was 1528 
indicated (see C.9 below). 1529 

 1530 
c. Usual care 1531 
Participants in G3 will receive standard care. This will include being provided with standard 1532 
oral care recommendations. Participants in all groups will receive the same 1533 
recommendations. 1534 

 1535 
C.5 Evaluation 1536 
All questionnaires will be administered at the patient’s clinic visits. If, however, there are 1537 
time constraints, patients will be given a self-addressed stamped envelope in which to return 1538 
the questionnaires. Baseline assessments will be completed within 7 days prior to starting 1539 
radiotherapy, and patients will then complete the same assessments again at middle and 1540 
end of radiotherapy and 2-4, 5-9, and 10-15 months after the end of radiotherapy. At middle 1541 
and end of radiotherapy, data will be collected before acupuncture treatment. For patients at 1542 
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Fudan Cancer Hospital, the questionnaires were forward and backward translated into 1543 
Mandarin Chinese (the MDASI and FACT-G were also validated in Mandarin Chinese; see 1544 
Appendix H). All of the questionnaires and saliva collection techniques have been used 1545 
successfully at both institutions. 1546 

 1547 
To determine if true acupuncture is more effective than sham acupuncture or standard care 1548 
for reducing the incidence of radiation-induced xerostomia we will evaluate xerostomia 1549 
graded according to Common Terminology Criteria for Adverse Events (CTCAE) (78) (see 1550 
Appendix I). 1551 

 1552 
a. Xerostomia and quality of life questionnaires 1553 
i. Xerostomia Questionnaire (XQ): The XQ is an 8-item questionnaire that has been 1554 
validated in several cohorts (22, 74). Subjects rate each symptom on an 11-point ordinal 1555 
Likert scale from 0 to 10, with higher scores indicating greater dryness or discomfort due to 1556 
dryness. The item cores are added and the sum is transformed linearly to produce a final 1557 
summary score ranging between 0 and 100, with higher scores representing more 1558 
xerostomia. The clinical response of the XQ has been suggested by Eisbruch (22) and 1559 
Pacholke research (74) with XQ scores ≤ 30 regarded as mild to no symptoms of xerostomia. 1560 
This measure may also be collected over the phone if the patient is unable to come to MD 1561 
Anderson. 1562 

 1563 
ii. The Functional Assessment of Cancer Therapy (FACT-G): Health-related quality of life will 1564 
be assessed with the FACT-G (77). This instrument is able to discriminate between 1565 
individuals with metastatic and non- metastatic disease, as well as between patients at 1566 
different stages of illness. The scale has been found to have good concurrent validity, high 1567 
internal consistency (0.89), and good test-re-test reliability (0.82 to 0.88). 1568 

 1569 

iii. M. D. Anderson Symptom Inventory for Head and Neck Cancer (MDASI-HN): Cancer-1570 
related symptoms will be assessed using the validated MDASI-HN (75, 76). The MDASI 1571 
measures, on a numeric rating scale of 0-10, both the severity of symptoms and the 1572 
interference symptoms cause in patients’ daily activities. The 13 core MDASI symptom items 1573 
are based on extensive evaluation of symptoms common to cancer and cancer treatment. 1574 
The MDASI-HN includes 9 head and neck–specific items. The instrument was validated in a 1575 
cohort of more than 200 patients and found to be highly reliable (76). 1576 

 1577 
iv. Fatigue will be assessed using the Brief Fatigue Inventory (BFI) [95]. The BFI is a 9-item 1578 
questionnaire designed to be used in the clinical setting to rapidly assess fatigue severity. 1579 
The items are ranked from  0 to  10, and patients rate their fatigue at its “worst” and “usual” 1580 
and as it is “now,” with 0 = “no fatigue” and 10 = “fatigue as bad as you can imagine.” Patients 1581 
also rate how much their fatigue has interfered with their life.  This single-dimension 1582 
instrument was tested in a sample of 305 patients with cancer, and provided an internally 1583 
stable measure of fatigue severity (0.80-0.92) [95]. 1584 

 1585 
v. The Brief Pain Inventory (Short Form) is a validated, widely used, self-administered 1586 
questionnaire to assess severity of pain and impact of pain on daily functioning among 1587 
patients (101-103). Item 1 assesses whether or not patients are currently experiencing pain 1588 
other than minor headache, sprain, or toothache. Item   2 allows patients to indicate on a 1589 
whole body diagram the exact location of pain. Items 3-6 measure severity of pain on a 0-10 1590 
numeric scale. Item 7 assesses current treatment and item 8 assesses relief from pain 1591 
treatments or medications within the last 24 hours. Finally, item 9 includes 7 subratings 1592 
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regarding the impact pain within the previous 24 hours has had on patients’ QOL. 1593 
 1594 

vi. Depression will be assessed using the Centers for Epidemiological Studies-Depression 1595 
measures (CES-D) [98]. The CES-D is a well-validated 20-item self-report measure of 1596 
depression that focuses on affective components of depression. Respondents rate the 1597 
frequency of the behavior or feeling using a 4-point Likert- type scale ranging from “almost 1598 
never” to “almost always.” The internal consistency of the instrument is high in the general 1599 
population and in patient populations. It also has demonstrated adequate convergent validity 1600 
with other measures of depression [98]. 1601 

 1602 
vii. To thoroughly evaluate social processes, we will assess the availability of social support 1603 
perceived by participants, the frequency and quality of their social interactions, and the level 1604 
of expression of emotions with others. Perceived availability of social support will be 1605 
measured using the Medical Outcomes Study Social Support Survey (MOS-SSS) [99], which 1606 
was developed with the SF-36 quality of life index and other MOS measures in one of the 1607 
largest and most comprehensive studies of health status in the chronically ill. The scale 1608 
focuses on the perception of the availability of functional support. Patients rate the perceived 1609 
availability of: emotional/informational support, tangible support, positive interactions, and 1610 
affectional support. Internal consistency was high, ranging from 0.91 to 0.96, and test-retest 1611 
reliability ranged from 0.72 to 0.76. It has good predictive validity reflecting significant 1612 
relations between social support and overall health status [100]. We have also added a few 1613 
questions that ask how satisfied they are with the contacts. 1614 

 1615 
viii. Two items assessing behavioral and characterological self-blame for patients’ cancer 1616 
cause will be administered based on previous work in breast cancer patients (96). Patients 1617 
will also complete two treatment regret items previously used by Hu et al. in a sample of 1618 
prostate cancer patients (97). These questions will take about 1 minute to complete. 1619 

 1620 
ix. Self-report measure of oral hygiene will be assessed weekly during radiotherapy, and then 1621 
2-4, 5-9, and 10-15 months after the end of radiotherapy. Patients will be asked to indicate in 1622 
the past week the frequency with which they brushed their teeth, flossed their teeth, and 1623 
estimate how much water they consumed on daily basis. 1624 

 1625 
x. Self-report measure of other acupuncture will be assessed at the middle of 1626 
radiotherapy, end of radiotherapy, and at 2-4, 5-9, and 10-15 months after the end of 1627 
radiotherapy.  Participants will be asked to indicate if they have received any 1628 
acupuncture that is not study related as well as the frequency, indications it was 1629 
received for, and any benefit experienced. If any participant has received acupuncture 1630 
that is not study related, we will request contact information of the provider(s) in order 1631 
to obtain the acupuncture points used in the treatment. This measure may also be 1632 
collected over the phone if the patient is unable to come to MD Anderson. 1633 

 1634 
b. Saliva flow examination 1635 

Unstimulated Whole Saliva (USFR): Patients are instructed to refrain from eating, drinking, 1636 
and dental hygiene for a minimum of 60 minutes before saliva collection. The patient is 1637 
seated upright in a quiet area where he/she will remain undisturbed and to minimize orofacial 1638 
movements. The patient will relax in the designated area for 15 minutes before saliva 1639 
collection. Patients are instructed not to attempt to increase or control salivation actively (such 1640 
as sucking or swallowing) but to simply relax. A collection vial (including seal and cover) will 1641 
be weighed on a calibrated balance with accuracy to 0.001 gm. The patient is instructed to 1642 
first clear his/her mouth by swallowing. Then, with the head held slightly forward, the patient is 1643 
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instructed not to talk or swallow during the 5-minute collection but to allow saliva to collect in 1644 
the floor of the mouth. The 5-minute collection time is initiated on a digital timer and in view of 1645 
the patient. The patient should then expectorate the accumulated saliva into the pre-weighed 1646 
vial after 60 seconds. The patient should repeat this procedure 4 more times for a total 1647 
collection time of 5 minutes. Patients are reminded not to swallow during the entire collection 1648 
period. At the end of the 5 minutes, the collection vial is promptly sealed, weighed, placed on 1649 
ice and transported to the laboratory. 1650 

 1651 
Stimulated Whole Saliva (SSFR): Patients are to rest for 5 minutes prior to stimulated saliva 1652 
collection. The exogenous stimulant will be a neutral chewing gum from Wrigley (unflavored 1653 
gum base) used previously for SSFR. The patient will chew the gum for 3 minutes, then 1654 
expectorate the gum and saliva into a disposable cup. Next, the patient should swallow to 1655 
clear the mouth. The patient’s saliva will then be collected in the vial for 5 minutes using a 1656 
method identical to USFR collection. After a 5 minute rest period, repeat (i.e. chew gum for 3 1657 
minutes, expectorate gum and saliva into a disposable cup, swallow, then collect saliva for 5 1658 
minutes as above.) 1659 

 1660 
c. Saliva constituent analyses 1661 
We will determine acupuncture’s effects on saliva-based factors including pH, buffering 1662 
capacity, and viscosity as well as levels of total protein, CGRP and VIP from SSFR collected 1663 
at baseline, end of  radiotherapy (week  7), and 2-4, 5-9, and 10-15 months later. The value 1664 
of pH and buffering capacity will be measured using a portable pH meter with micro 1665 
electroprobe. Buffering capacity will be measured using the method previously described by 1666 
Siqueria et al. (79). Buffering capacity and pH will be conducted on fresh saliva. Viscosity, 1667 
total protein, CGRP, and VIP will be measured at M. D. Anderson from frozen samples 1668 
assayed in batch to decrease variance. Viscosity of the saliva (0.5 ml) will be determined 1669 
using LVT Wells-Brookfield cone-and- plate digital viscometer (Brookfield Engineering 1670 
Laboratory) (80). The total amount of protein in each saliva sample will be determined using 1671 
the Bradford assay (Biorad protein assay kit). Levels of CGRP and VIP will be quantified 1672 
using neuropeptide-specific RIA kits (Peninsula-Bachem) (81). The concentration of 1673 
peptides will be normalized by the amount of protein in each sample. All assays will be 1674 
conducted in the laboratory of Dr. Peiying Yang. Once the saliva samples have been 1675 
assayed they will be destroyed. 1676 

 1677 
d. Expectations 1678 
Acupuncture Expectancy Scale (AES): To determine the relationship between outcome 1679 
expectancy related to acupuncture and clinical response, we will use the Acupuncture 1680 
Expectancy Scale. This 4-item instrument was developed by Mao et al. and found to be 1681 
reliable (Cronbach’s α of 0.82) and valid by positive correlation with patient self-reported 1682 
efficacy and satisfaction (61). The scale was further validated among cancer patients who 1683 
were mostly acupuncture naïve (57). Expectancy of a benefit from acupuncture appeared to 1684 
be increased by educating patients on the scientific theory and clinical evidence of 1685 
acupuncture. Higher expectancy was also found in patients who had previously participated 1686 
in an acupuncture trial compared with those who had not participated in an acupuncture trial 1687 
(57). The scale has been translated and validated in Mandarin in China. In the proposed 1688 
study, we will evaluate expectancy as a predictor of response to acupuncture. This 1689 
questionnaire will be completed at baseline by all participants. Patients in the acupuncture 1690 
treatment groups will complete the form again during the middle and at the end of 1691 
radiotherapy. 1692 

 1693 
e. Background/Exposure 1694 
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Background/Exposure Questionnaire variables: The purpose of this questionnaire is to 1695 
collect information on environmental and occupational exposures, phenotypic characteristics, 1696 
health history, family history of cancer, and behavior patterns that could be associated with 1697 
cancer of the head and neck. The data collection instrument will be comprised of the 1698 
interview-based questionnaires that are currently used at MDACC. The questionnaire 1699 
includes questions on the following items: 1700 

-- Demographic data, including name, address, date and place of birth, marital status, 1701 
ethnicity, total years of education, and income. 1702 
-- Tobacco and alcohol exposure, including past and present smoking and drinking status, 1703 
number of years smoked/drunk, and number of cigarettes smoked or drinks consumed per 1704 
day. 1705 
-- Behavior patterns that could affect an individual's exposure. 1706 
-- Medical history information on previous health such as history of cancer, immune 1707 
conditions, and hormone and x-ray treatment. 1708 

 1709 
C.6 Statistical Considerations 1710 
As our first step, before analyses, we will conduct extensive descriptive analyses on the data 1711 
collected at baseline and at each follow-up. Descriptive statistics (i.e., frequencies, ranges, 1712 
means, proportions, standard deviations, measures of skewness and kurtosis), including 95% 1713 
confidence intervals (CIs), will be computed for the measures. We will closely examine 1714 
distribution characteristics of the variables using box plots, histograms, scatter plots, and the 1715 
Kolmogorov-Smirnov test of normality where appropriate. Distribution assumptions will be 1716 
evaluated, and if indicated, normalizing transformations or robust procedures will be used. 1717 
We will evaluate bivariate associations between the outcome measures and selected 1718 
demographic and disease-related variables, including age, ethnicity, time since diagnosis, 1719 
and disease stage, using Pearson product-moment correlation coefficients, chi-square, or 1720 
eta-squared estimates from analyses of variance where appropriate. 1721 

 1722 
a. Data analysis 1723 
Our primary objective is to determine if true acupuncture is more effective than sham 1724 
acupuncture or standard care for preventing radiation-induced xerostomia among cancer 1725 
patients at M. D. Anderson and Fudan Cancer Hospital. The primary outcome will be self-1726 
reported xerostomia symptoms using the Xerostomia Questionnaire (XQ). We will have 1727 
information available at baseline and at 5 additional points in time (middle of radiotherapy, 1728 
end of radiotherapy, and 2-4, 5-9, and 10-15 months after the end of radiotherapy). 1729 

 1730 
Our initial analysis will be a repeated-measures analysis of XQ scores over time by 1731 
acupuncture group, testing for group effects, time effects, and group by time interaction. This 1732 
will be done using generalized linear mixed model regression (GLMM) (see below for further 1733 
details). The primary significance level which will be used is 1734 
0.05. For sample size justifications, our primary time endpoint is the end of radiotherapy, or 1735 
7 weeks. All three arms will be compared at this time point using an analysis of variance, and 1736 
if the test is significant (p<0.05), we will use a Duncan’s Multiple Range Test which controls 1737 
the type I comparison-wise error rate to determine which groups are different from each other. 1738 

 1739 
At each point in time, we will also be able to determine if xerostomia has occurred (grade 1 1740 
or higher on the v3.0 CTCAE) and will classify each patient as either experiencing 1741 
xerostomia (one or more episodes of xerostomia) or not. A secondary goal is to determine if 1742 
the proportion of persons who experience xerostomia in the true acupuncture group is less 1743 
than that in the sham acupuncture group or the standard care group. We will use the 1744 
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binomial test to test for these differences at each follow-up. We will also use the clinical 1745 
response criteria of determining whether or not xerostomia has occurred or not as used by 1746 
Eisbruch (22) and Pacholke (74). A significant response will be indicated if the summation 1747 
XQ score < is 30. Eisbruch and colleagues revealed with bilateral radiation therapy 1748 
treatment, the peak effect of XQ xerostomia scoring at 3 months post treatment is 45 +/- 10 1749 
(22). Using the criteria of ≤ 30 on the XQ score, we will use the binomial test to test for these 1750 
differing proportions between groups at each follow-up. However, if 15 tests are made, in 1751 
order for the results to be considered as significance as those with a 0.05 significance level, 1752 
the significance level would need to be 0.003 or less (0.05/15) using a conservative 1753 
Bonferroni method. We will also include a GLMM analysis to evaluate treatment and time 1754 
effects upon incidence (general patterns in incidence). This analysis will test the overall 1755 
treatment effect, the overall time effect and a treatment by time effect. 1756 

 1757 
Other outcomes include the MDASI-HN, FACT-G, USFR, SSFR, and saliva constituents 1758 
including pH, buffering capacity, and viscosity as well as levels of total protein, CGRP, and 1759 
VIP. These variables are repeated measurements on multiple outcomes, possibly including 1760 
hierarchical structure over subscales and related outcome measures. Desired inference 1761 
includes hypotheses about treatment effects at different times and on different outcomes. 1762 
Also, inference about treatment effects has to appropriately adjust for recorded baseline 1763 
characteristics of the enrolled patients. With these considerations in mind, we propose the 1764 
following strategy for the data analysis of these variables. As we expect scores on the 1765 
criterion measures to be correlated within individuals over time, we will use GLMM. Separate 1766 
sets of analyses will be conducted for each criterion variable (e.g., primary outcome: severity 1767 
of self-reported xerostomia symptoms (XQ); secondary outcomes: MDASI-HN, FACT-G, 1768 
saliva flow rates, and saliva constituents). For each criterion variable, we will use data across 1769 
the set of post-intervention assessment points. In modeling these data, intervention condition 1770 
is a between-subjects factor, time is a within-subjects factor, and baseline measures will be 1771 
included as covariates. 1772 

 1773 
GLMM is a flexible analytic approach with wide use in the health sciences (82). Mixed model 1774 
regression allows for repeated measures across individuals by modeling the correlation 1775 
among the repeated measures. GLMM can accommodate a range of correlation structures 1776 
among the measures, as well as continuous and discrete outcome distributions, unbalanced 1777 
designs, different link and variance functions, and, in the case of  the analysis of independent 1778 
data, is equivalent to logistic, ordinary least squares regression, or analysis of covariance 1779 
modeling. 1780 

 1781 
For the GLMM, first we will assess the covariance structure of the data so that inferences 1782 
about means are valid. We cannot assume that repeated measures for an individual will be 1783 
equally correlated because two measurements taken at adjacent times may be more highly 1784 
correlated than two measurements taken several time points apart. To select the best method 1785 
for modeling the repeated measures, we will use the methods of Wolfinger (83) and statistics 1786 
such as Akaike's and Schwarz's information criteria. 1787 

 1788 
After determining the appropriate covariance structure, we will develop longitudinal models of 1789 
the effect of intervention condition on post-intervention (follow-up) criterion measures that 1790 
take into consideration the baseline values for the corresponding criterion measure as well as 1791 
important covariates. Mixed model parameter estimates and tests will allow us to compare 1792 
intervention effects and to examine intervention effects over the course of follow-up time 1793 
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points. Post-intervention follow-up criterion measures will be regressed onto study 1794 
intervention condition, time of assessment, a polynomial function of time (for example, 1795 
quadratic) if appropriate, and the measure of the criterion at baseline. In addition, we will add 1796 
important covariates, including adaptive randomization variables and selected demographic 1797 
variables, such as ethnicity and education, as well as suitable baseline health-related 1798 
variables and medical characteristics. Tests of the interaction of intervention condition with 1799 
time of measurement will be evaluated to determine whether the effect of intervention 1800 
condition varied as a function of time. In the case of statistically significant interactions of 1801 
intervention condition with time, tests of the effect of intervention condition will be conducted 1802 
at each individual time point. We will use Bonferonni corrections for each set of multiple 1803 
comparisons where appropriate.  Standard methods of model diagnostics will be used to 1804 
identify influential observations and to determine suitable transformations where necessary. 1805 

 1806 
We will compare compliance with acupuncture between patients randomized to the 1807 
acupuncture and sham acupuncture groups. Compliance will be measured as the number of 1808 
times the participants received their scheduled intervention per week. At each assessment 1809 
after the end of radiotherapy, we will determine if patients in the two groups differ in the 1810 
number of times they received their scheduled intervention (since the last analysis) using a 1811 
Wilcoxon rank-sum test. We expect that these frequencies will not be normally distributed so 1812 
we plan to use a nonparametric test. If there is a statistically significant difference or trend for 1813 
significance in compliance between any two groups (p<0.10), we will also determine if there is 1814 
a difference between other outcomes. We will use either t-tests or nonparametric tests such 1815 
as the Wilcoxon rank-sum test to determine the significance of these differences. 1816 

 1817 
We will also explore the association between expectancy and outcomes using information 1818 
from the Acupuncture Expectancy Scale (AES). Expectancy will be assessed using the AES 1819 
at baseline in the acupuncture and sham acupuncture groups and will be correlated with 1820 
severity of xerostomia using the XQ (and other continuous variables) during and after 1821 
radiotherapy. More complex analyses will also evaluate whether expectancy moderates 1822 
outcomes. Following the procedures of Baron and Kenny (84), the evaluation of moderation 1823 
involves examining the interaction between intervention condition and baseline expectancy. In 1824 
a series of mixed model analyses, tests of the interaction of intervention condition with 1825 
expectancy will be evaluated to determine whether baseline expectancy changes the impact 1826 
of acupuncture condition on the outcome measures [i.e., determine whether acupuncture 1827 
(active or inactive) is more effective based  on baseline expectancy]. Changes in USFR, 1828 
SSFR, and saliva constituents will also be examined as possible mediators of the effects of 1829 
acupuncture on xerostomia symptoms following the procedures of Baron and Kenny (84) 1830 
using generalized linear mixed model regression. The mediation effect estimate will be 1831 
computed according to MacKinnon (85), who describes mediation as the difference of the 1832 
intervention effect on outcome with and without the presence of the mediators, or alternatively, 1833 
the product of the effect of the intervention on the mediators and the effect of the mediators on 1834 
the outcome controlling for the intervention condition. 1835 

We will evaluate the data on a yearly basis by performing a yearly interim analysis. Our 1836 
primary outcome is self- reported xerostomia symptoms using the Xerostomia Questionnaire 1837 
(XQ). At each interim analysis, we will examine the difference in change scores (between 1838 
baseline and the end of radiotherapy or 7 weeks) of the XQ between arms. If the true 1839 
acupuncture arm is less effective than other arms and this comparison is statistically 1840 
significant at <0.001, we will terminate the study early (Peto method). These interim analyses 1841 
will not affect the significance level of the final analysis. In order to address safety concerns, 1842 
at each interim analysis we will also evaluate the incidence of grade 3 or higher adverse 1843 
events in each arm separately. If patients in any arm experience more than 20% patients 1844 
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experience grade 3 or higher adverse events that are either definitely or probably related to 1845 
acupuncture treatment, we will terminate that arm early. 1846 

 1847 
b. Missing data and drop-outs 1848 
Some individuals will fail to complete all questionnaires. GLMM is designed to handle this 1849 
type of missing data and will give unbiased estimates of intervention effects provided that the 1850 
probability of having missing data depends only on the covariates in the model. We will check 1851 
this assumption by looking at predictors of missing data. We will also run analyses to examine 1852 
whether study participants who drop out of the study differ from those who do not. We will 1853 
examine the data with complete case analyses (intent to treat). With the use of GLMM, we will 1854 
be able to include all participants in the analysis, even those with missing values for some 1855 
time points and those who drop out early. Everyone who begins their intended treatment is 1856 
considered to be part of the trial whether they finish it or not. The methods of GLMM in effect 1857 
estimates missing values, but we will also use alternative multiple imputation methods to 1858 
estimate missing values using differing assumptions if the data appear to not be missing at 1859 
random. 1860 

 1861 
c. Sample size calculations 1862 
These precision and power estimates are based on a final post-intervention sample size of 1863 
300 study participants, 100 in each of the three intervention groups. To achieve this post-1864 
intervention sample size, we will oversample by 31% (i.e., 435 participants) to account for 1865 
attrition. That is, we will allow for up to a 31% drop- out rate. 1866 

 1867 
Our primary analysis is a mixed model regression analysis with repeated measures to 1868 
evaluate the between group differences across the post-intervention time points with 1869 
adjustment for covariates. Assuming a two- sided significance level of 0.05, we will have at 1870 
least 80% power to detect differences between any pair of group means of 0.4 standard 1871 
deviation units (SD – Effect Size Index) across the three post-intervention time points. In 1872 
addition, the detectable mean difference between groups is 0.49 SD units with a two-sided 1873 
significance level of 0.01. In our previous study, we found differences on post-intervention XQ 1874 
means ranging from 0.80 SDs at the end of radiotherapy to 0.68 SDs at 1 month when 1875 
comparing the acupuncture group with the standard care group. The associated XQ average 1876 
values for the two groups at 1 month post radiotherapy were: 32.2 (SD=10.6) for acupuncture 1877 
group and 41.5 (SD=9.6) for control group. As we do not know the exact differences that will 1878 
occur between the sham acupuncture group and the other two groups, and given the 1879 
definition of clinically significant effects (i.e., effect sizes of approximately 0.5 SDs being 1880 
argued to be clinically meaningful) (25, 86, 87) the current study is still well-positioned to 1881 
detect clinically significant effects between groups that may be present. We prefer to justify 1882 
sample size using a paired t-test for simplicity and because it is conservative approach, 1883 
although the later analyses using repeated measures will have greater power to detect 1884 
differences between groups. 1885 

 1886 
C.7 Limitations 1887 
There are several challenges with the current study that should be noted. There is the 1888 
possibility of loss to follow-up to a greater degree than in our pilot studies due to following 1889 
patients out to 1 year post radiotherapy. Several strategies will be used to decrease the 1890 
chance of missing data and non-compliance. Forms will be reviewed upon receipt to ensure 1891 
all items are completed, and if incomplete, participants will be contacted to determine if the 1892 
question was deliberately skipped and, if not, to get a response. Scheduling of follow-up visits 1893 
will also coincide with visits to the radiation oncologist, and as such, missing data will be kept 1894 
at a minimum. Nevertheless, some individuals may fail to complete all questionnaires and 1895 
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statistical procedures noted above will be implemented. Also, although we will make every 1896 
effort to recruit minority and underserved participants, as all patients will be recruited from 1897 
either M. D. Anderson or Fudan Cancer Hospital, the study population will be somewhat 1898 
select. Nevertheless, the sample will be representative of patients seen at the two hospitals. 1899 

C.8 Adverse Events 1900 

Acupuncture is a safe technique with few complications. The majority of reported adverse 1901 
effects are best attributed to insufficient basic medical knowledge, inadequate acupuncture 1902 
education, or lack of compliance with standardized practice of clean needle technique (104). 1903 
Several studies by different investigators have shown that most serious adverse events are 1904 
due to a lack of education or negligence on the part of the practitioner and are not due to the 1905 
treatment itself (105-109). The side effects most commonly reported when acupuncture is 1906 
performed correctly by properly trained personnel are relatively minor and include fainting, 1907 
nausea, vomiting, bruising, and mild discomfort (105-109). In the past, patients occasionally 1908 
developed contact dermatitis to components in the needles (110, 111), but this currently is 1909 
rare with improved manufacturing techniques for the stainless steel needles. 1910 

 1911 
For higher risk patients (i.e., those with heart disease or neutropenia), special precautions 1912 
may be necessary such as avoiding the use of electrostimulation in patients with pacemakers 1913 
or taking additional measures to prevent infection in patients with compromised immunity 1914 
(112). Electrical stimulation will not be used in this study, and patients with evidence of 1915 
infection or compromised immunity will not be included. Although the likelihood of 1916 
acupuncture-induced infection in this study is low, procedures will be treated as invasive 1917 
medical procedures and performed using aseptic techniques. The acupuncture needles used 1918 
will be sterile and individually packaged. Reportable adverse events will include: 1919 
a. syncope 1920 
b. infection at the acupuncture site 1921 
c. allergic contact dermatitis at the acupuncture site 1922 
d. excess bleeding at the acupuncture site 1923 

 1924 
C.9 Xerostomia acupuncture research at M. D. Anderson and Fudan Cancer Hospital 1925 
A single-arm pilot study completed at M. D. Anderson assessed whether radiation-induced 1926 
xerostomia could be reversed using acupuncture (25). A total of 19 patients received 8 1927 
treatments over 4 weeks, with weekly assessments during treatment and then at week 5 and 1928 
week 8 (1 month after treatment). Fifteen patients received IMRT, and subset analysis did not 1929 
reveal any significant relationship between the amount of radiation received and response to 1930 
acupuncture. The median interval from completion of radiation therapy to start of acupuncture 1931 
was 21.5 months. Xerostomia scores, as assessed by the Xerostomia Inventory and the 1932 
Patient Benefit Questionnaire were significantly better after acupuncture, beginning at week 2 1933 
and continuing through week 8. QOL assessed using the FACT-H&N indicated a significant 1934 
difference in scores for questions related to head/neck cancer at weeks 4 and 8 (p=0.04 and 1935 
p=0.006, respectively). At week 8, there was also a significant difference in the physical well-1936 
being subscale (p=0.04) as well as in the total score (p=0.03). 1937 

 1938 
For the past 3 years, we have also been conducting a randomized controlled trial at Fudan 1939 
Cancer Hospital examining the effects of acupuncture on prevention of radiation-induced 1940 
xerostomia. Eighty-five patients were randomized to receive either acupuncture three times a 1941 
week during radiotherapy or standard care. All patients were treated following the same 1942 
treatment plan, as proposed in the current study. Self-report assessments were collected 1943 
weekly for the 7 weeks of radiotherapy and on week 11 (1 month after radiotherapy) and 6 1944 
months post treatment. Saliva flow using unstimulated and stimulated whole saliva flow rates 1945 
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was measured at baseline and weeks 1, 3, 4, 6, 7, and 11 and 6 months post 1946 
acupuncture/radiotherapy. On weeks 3 and 6 the saliva tests were conducted before the 1947 
acupuncture treatments. 1948 

 1949 
As can be seen in Figure 1, 1950 
starting in week 3 of treatment and 1951 
lasting through the 1-month 1952 
follow-up (week 11), the XQ 1953 
scores  were  significantly  lower 1954 
for patients who received 1955 
acupuncture (GLMM analyses, 1956 
including a quadratic term for  1957 
time). By the end of treatment and 1958 
1 month later, the group 1959 
differences were 10 points or 1960 
greater [week 7: acupuncture = 1961 
44.2 vs control = 54.5 (effect size 1962 
= 0.80); week 11 acupuncture = 1963 
32.2 vs control = 41.5 (effect size 1964 
= 0.68)]. Importantly, the mean 1965 
score in the acupuncture group 1966 
dropped to just above 30, 1967 

which is viewed as a clinically significant response (22, 74). Examination of XQ scores of 30 1968 
or above by group using chi square analyses showed that by week 11, the acupuncture group 1969 
had significantly fewer patients with scores over 30 suggesting clinically significant 1970 
differences (week 11- acupuncture 60.0%; control 88.4%, P < 0.004). In addition, the 1971 
effect size differences also suggest clinically significant differences (25, 86, 87). Similar 1972 
findings are seen in Figures 2 and 3 for quality of life assessed with the MDASI-HN. 1973 

 1974 

Importantly, the measures of saliva 1975 
flow, both stimulated and 1976 
unstimulated, also indicated 1977 
improvement for the 1978 
acupuncture group (Figure 4). This 1979 
was true even when the saliva 1980 
sampling was done before the start 1981 
of acupuncture treatment, as on 1982 
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weeks 3 and 6 (sampling done after acupuncture treatment on weeks 1, 2, 4, 5, and 7). 1983 
Group differences emerged as early as week 2 and remained significant through week 11. 1984 

 1985 
C.10 Progress 1986 
Report Since 1987 
Last Review 1988 
The original application was submitted in June 2009.  Since then, we have completed a 6-1989 
month follow-up of 70 of the original 85 patients from the randomized trial to examine the 1990 
duration of the response.  Although both groups had a reduction in xerostomia symptoms, the 1991 
difference in XQ scores between groups remained about the same, with lower scores in the 1992 
acupuncture group (acupuncture = 21.9 vs control = 34.0, p < 0.0006). Examination of XQ 1993 
scores of 30 or above using chi square analyses showed that by 6 months, the acupuncture 1994 
group had significantly fewer patients with scores over 30 (acupuncture 27.6%; control 1995 
63.6%, p = 0.005). The group differences in MDASI-HN scores also remained different 1996 
(MDASI-HN Symptoms: acupuncture = 2.6 vs control = 4.6, p = 0.07; MDASI-HN 1997 
Interference: acupuncture = 2.6 vs control = 4.0, p = 0.02). Importantly, 6 months after the end 1998 
of radiotherapy, the measure of stimulated saliva flow indicated continued improvement for 1999 
the acupuncture group (acupuncture = 1.57 vs control = 0.95, p = 0.003). For unstimulated 2000 
saliva flow, group means were in the expected direction but were not statistically significantly 2001 
different (acupuncture = 0.50 vs control = 0.46, p = 0.60). The proposed trial will allow us to 2002 
follow a larger sample size out to 12 months to determine the stability of the response. 2003 

 2004 
Since this grant application was last 2005 
reviewed, we also completed a small 2006 
placebo/sham acupuncture trial at 2007 
Fudan Cancer Hospital in order to 2008 
demonstrate the feasibility and 2009 
examine initial efficacy. This pilot trial 2010 
used a design similar to that of the 2011 
previous trial and the one outlined in 2012 
the proposed study, including the 2013 
inclusion/exclusion criteria (e.g., 2014 
patients undergoing IMRT). Of the 30 2015 
eligible patients approached, 21 2016 
patients consented and were 2017 
randomly assigned to real or sham 2018 
acupuncture. The recruitment rate was 2019 
similar to that in the previous study, 2020 
and the research nurse remained blinded to group assignment. The XQ was collected weekly 2021 
starting at baseline for the duration of radiotherapy and then again 1 month later. Salivary flow 2022 
rate was collected at baseline, and weeks 1, 3, 4, 6, and then again 1 month later. Although 2023 
the main purpose of this pilot trial was simply to show feasibility of doing a placebo-controlled 2024 
trial, initial examination of the data suggests improved outcomes for the true versus sham 2025 
acupuncture. In fact, the findings were remarkably similar to the previous trial, with the 2026 
expected lower rate of xerostomia symptoms for both groups due to patients undergoing 2027 
IMRT. However, there were significant group differences starting in week 3 for XQ levels (see 2028 
Figure 5). The saliva flow outcomes were in the expected direction, but due to the small 2029 
sample size and high variance, differences did not reach statistical significance (see Figures 2030 
6 and 7). 2031 
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 2032 

 2033 
The sham group remained blinded, with all patients believing they were in the active 2034 
acupuncture group. Importantly, there was no indication that the sham treatment protocol had 2035 
an impact on the development of xerostomia (similar outcomes to the standard care group 2036 
from the previous trial, although slightly diminished XQ score due to IMRT). However, a larger 2037 
trial is necessary to confirm that the placebo treatment group is in fact similar to the standard 2038 
care group. Based on the positive findings on subjective (XQ) and objective  (salivary flow) 2039 
measures from the previous trial that compared acupuncture to standard care, it is important 2040 
at this stage to conduct a large phase III clinical trial, as outlined in the proposed study, 2041 
comparing true acupuncture to sham acupuncture and standard care. 2042 

 2043 
In summary, our research group has had extensive experience conducting clinical trials at 2044 
both M. D. Anderson and Fudan Cancer Hospital, and we have been able to implement the 2045 
highest level of quality control in the oversight of the trials. Initial clinical evidence from our 2046 
studies conducted at Fudan University Cancer Hospital suggests that acupuncture can 2047 
prevent the development of xerostomia and reduce the symptoms of xerostomia when it 2048 
develops after radiotherapy in patients with NPC. The proposed study will extend these 2049 
findings by 2050 
(1) ensuring the effects are not simply attributable to placebo, (2) examining the benefits for 2051 
an extended  period of time, and (3) conducting the trial at a second center in patients with a 2052 
different type of head and neck cancer to determine the generalizability of the findings. 2053 
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