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No conventional therapy exists for salivary hypofunction in surviv-
ing head and neck cancer patients with Radiation Therapy Oncol-
ogy Group late grade 2–3 toxicity. We conducted a phase I clinical
trial to test the safety and biologic efficacy of serotype 5, adeno-
viral-mediated aquaporin-1 cDNA transfer to a single previously
irradiated parotid gland in 11 subjects using an open label, sin-
gle-dose, dose-escalation design (AdhAQP1 vector; four dose tiers
from 4.8 × 107 to 5.8 × 109 vector particles per gland). Treated
subjects were followed at scheduled intervals. Multiple safety
parameters were measured and biologic efficacy was evaluated
with measurements of parotid salivary flow rate. Symptoms were
assessed with a visual analog scale. All subjects tolerated vector
delivery and study procedures well over the 42-d study period
reported. No deaths, serious adverse events, or dose-limiting tox-
icities occurred. Generally, few adverse events occurred, and all
were considered mild or moderate. No consistent changes were
found in any clinical chemistry and hematology parameters mea-
sured. Objective responses were seen in six subjects, all at doses
<5.8 × 109 vector particles per gland. Five of these six subjects also
experienced subjective improvement in xerostomia. AdhAQP1 vec-
tor delivery to a single parotid gland was safe and transfer of the
hAQP1 cDNA increased parotid flow and relieved symptoms in
a subset of subjects.

gene therapy | radiation damage | salivary glands | dry mouth |
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Each year, ∼40,000 patients develop head and neck cancers in
the United States, with ∼500,000 cases worldwide (1). Typi-

cal treatment for these patients includes irradiation (IR). About
half of all surviving patients [Radiation Therapy Oncology
Group (RTOG) late grade 2–4 toxicity (2–4)] experience irre-
versible damage to salivary glands in the IR field that dramati-
cally reduces saliva output. Saliva is critical to the physiology and
maintenance of upper gastrointestinal tract tissues, providing
critical antimicrobial, lubricatory, remineralizing, and reparative
functions (5). As a result, these patients suffer considerable
morbidity, including oral infections (Candidiasis, rampant car-
ies), mucositis, dysphagia, and frank discomfort, with a marked
decline in quality of life (4, 6).
Salivary glands consist of two types of epithelia (7). Approxi-

mately 80% of the cells are acinar, secreting most exocrine
proteins and being the only sites of water movement. Duct cells,
the other major general cell type, are essentially water imper-
meable and NaCl absorbing. Following IR, patients with RTOG
late-grade 2–3 toxicity lose most acinar cells, and surviving pa-
renchymal cells are primarily ductal (8). Acinar cells are highly

differentiated and postmitotic, but markedly radiosensitive by as
yet unexplained mechanisms. Without sufficient acinar tissue,
RTOG grades 2 and 3 patients do not respond well to the cho-
linergic agonist sialogogues. The only available treatments for
their severe xerostomia are minimally effective wetting agents.
This absence of conventional therapy prompted our efforts to

use gene transfer (8) to increase fluid secretion. Using evidence
from rodent studies, we reasoned that without significant acinar
cell function duct cells could generate an osmotic gradient (lu-
men > interstitium). If these cells expressed a facilitated water-
permeability pathway, fluid secretion could occur (9). To test this
hypothesis, we constructed a first-generation serotype 5, adeno-
viral (Ad5) vector encoding human aquaporin-1 (hAQP1) and
used it to treat irradiated salivary glands of rats (9) and miniature
pigs (10). In both species, salivary flow was reduced dramatically
following IR. However, treatment of irradiated glands with
AdhAQP1 led to near normal levels of salivary fluid secretion,
albeit transiently, but a control Ad5 vector had no benefit.
Following a large safety study in rats (11), we received all

required approvals to test AdhAQP1 in single irradiated parotid
glands of subjects ≥ 5 y posttreatment for head and neck cancer
(http://www.clinicaltrials.gov/ct/show/NCT00372320). Because
AdhAQP1 displayed transient efficacy in preclinical studies
(for ∼2 wk) (10), and Ad5 vectors can elicit significant early
toxicity (e.g., ref. 11), this report focuses on the initial (through
day 42) safety and biologic responses of the 11 subjects treated
in this phase I trial (Fig. 1). This study is unique in representing
direct gene therapy in the oral cavity for a nonmalignant con-
dition, and is one of the few gene-therapy studies addressing
a quality of life disorder.

Results
All 11 subjects had been successfully treated for a squamous cell
carcinoma (seven tonsil, three base of tongue, one hypopharynx)
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at least 5 y before enrollment. Key characteristics of these
individuals are shown in Table 1.
No deaths, dose-limiting toxicities, or serious adverse events

occurred as a result of vector delivery. Indeed, there were no
consistent or systematic changes seen in any serum chemistry or
hematology parameters measured. Sixty-five adverse events oc-
curred over the first 42 d postvector delivery (Table 2). All adverse
events were mild (∼91%) or moderate (∼9%); most (>75%) were
judged as unrelated or unlikely related to AdhAQP1 treatment. Of
the remaining adverse events, 10 were considered possibly related,
4 probably related, and 1 definitely related to vector treatment.

The latter five events all occurred with subject #105 (see below).
Table S1 shows the distribution of all adverse events classified by
organ system.
Four subjects had laboratory or clinical signs likely because of

parotid gland inflammation resulting from AdhAQP1 delivery.
One subject (#105, dose tier 3; the only female studied) de-
veloped a clinically visible, mild parotitis on days 2 and 3 fol-
lowing vector administration, associated with elevations in serum
amylase and C-reactive protein, that resolved without in-
tervention. This subject also exhibited the highest pretreatment
serum-neutralizing antibody titer at baseline, <1:16384 (Table
1). Three other subjects exhibited laboratory or imaging changes,
but not visible clinical changes, consistent with targeted gland
inflammation. Subject #118 had an ∼100% increase, versus
baseline, in absolute WBC level at 12 h, although this was not
above the upper limit of normal. Subject #4 exhibited a >50%
increase in serum amylase levels at 12 h, 2 and 3 d postvector
delivery, although none were above the upper limit of normal.
Subject #s 4, 105, and 116 showed a marked increase in 67Ga
uptake in the AdhAQP1 targeted gland (see below and Table 3).
During the study, one stopping rule was met, resulting in

a Food and Drug Administration (FDA)-ordered, ∼3 mo clinical
hold. This hold involved subject #25 (dose tier 1). On day 7 after
vector administration, his saliva, but not serum, was positive for
both replication competent adenovirus (RCA; per protocol, re-
quired stopping rule) and AdhAQP1. As reported (12), this
resulted from activation of a latent Ad5 infection in the targeted
gland, was without clinical consequence, and was judged a mild
adverse event. No other subject had saliva or serum samples
positive for RCA or AdhAQP1, and none developed serum
antibodies to hAQP1.
The hypothesis underlying this intervention was that hAQP1

cDNA delivery to IR-damaged parotid glands would increase
salivary secretion. To test this theory we compared saliva flow
rates in targeted glands before treatment with peak values
obtained during the first 42 d posttreatment. We found signifi-
cant improvement in both absolute volume (Fig. 2A) (baseline:
median 0.115 mL/min; peak: median 0.153 mL/min, P = 0.032;
Wilcoxon matched-pairs signed rank test) and proportional
change (Fig. 2B) (median 164.5%, 25% percentile: 101.9, 75%
percentile: 540.2%; P = 0.039; Wilcoxon signed rank test) in
parotid flow rates following treatment. Closer examination of the
data revealed a heterogeneous response, with six subjects
showing a 60–540% increase in parotid flow rates at different

Fig. 1. Screening and enrollment of study participants. Flowchart depicts
the enrollment process for all individuals contacted for study participation.
Of the 17 patients evaluated for enrollment at the predose 1 visit, 11 were
enrolled (all subjects treated with AdhAQP1) and 6 were deemed ineligible,
for the reasons indicated in the figure.

Table 1. Baseline characteristics of all treated subjects

Dose group Subject # Age (y) Sex Ethnicity Tumor locale
Tumor
stage

Radiation Gy
(maximum) Ad5 NAb

Gland
target

Baseline flow
(mL/min)

Infusate
vol (mL) vp/μL infused

4.8 × 107 40 68 M C L tonsil IVA 66.6 <1:4 Left tubing* 0.7 6.86 × 104

25 60 M C R tonsil IVA 68.4 <1:1,024 Right 0.162 0.47 1.02 × 105

19 58 M C L tonsil III 50.4 <1:256 Right 0.073 0.76 6.32 × 104

2.9x × 108 50 58 M C BOT IVA 59.4 <1:8 Left 0.145 0.55 5.27 × 105

73 71 M C R tonsil IVA 69.6 <1:8 Right 0.142 0.7 4.14 × 105

99 53 M C R tonsil IVA 70 <1:128 Left 0.092 0.81 3.58 × 105

1.3 × 109 105 57 F C hypopharynx IVA 73.8 <1:16,384 Left 0.129 0.95 1.36 × 106

118* 56 M C BOT IVB 71.9 <1:8,192 Left 0.044 0.7 3.19 × 106

103 62 M C BOT IVA 75.4 <1:2,048 Right 0.136 1.8 7.22 × 105

5.8 × 109 4 53 M H L tonsil IVB 75.6 <1:512 Right 0.085 0.67 8.66 × 106

116 62 M C R tonsil IVA 66.6 <1:8 Left 0.115 0.78 7.44 × 106

AdhAQP1 dose is given as vp/gland. For ethnicity, C indicates Caucasian and H indicates Hispanic. For tumor locale, BOT is base of tongue, L is left and R is
right. The radiation dose given is the maximum dose to the targeted parotid gland. Ad5 NAb indicates neutralizing antibody titers at baseline (see SI Methods
for details). Baseline flow from the targeted parotid gland is shown as milliliters per minute. “Tubing” means saliva was in the collection tubing, but was not
able to be collected and quantified. For statistical analyses “tubing” was counted as 0.01 mL/min. All subjects experienced late grade 2 toxicity [RTOG
classification (2)]. “vol” indicates the volume of the targeted parotid gland measured by contrast radiography (SI Methods). The last column to the right
indicates the vector particles infused per microliter of infusate, as an in vivo measure of the multiplicity of infection (i.e., vp/tissue mass).
*Subject #118 received a dose 71.5% higher than intended because of a pharmacy dilution error.
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times between days 7–42 (Fig. 2 C and D), whereas during this
period for the other five subjects parotid saliva flow rates showed
no improvement or worsened (min −35%, max +10%). Based on
these observations, we considered the six subjects with at least
50% improvement as responders and the remaining subjects as
nonresponders. An increase in parotid saliva flow rate was ob-
served in 66% (two of three) of participants in each of the first
three dose cohorts; both subjects in the fourth dose cohort ex-
perienced a decrease in their parotid saliva flow rate.
Importantly, at the time of peak increase in parotid flow rate,

five of six responders showed improvement in subjective per-
ception of oral dryness and amount of saliva present in their
mouth by visual analog scale assessments (Fig. 2 E and F; lower
score represents improvement). These same five responders also
showed improvements in at least five of the eight visual analog
scale measurements at this time, which is notable considering
only one major salivary gland was treated. Conversely, four of
the five nonresponders exhibited either no change in their sub-
jective assessments of saliva present or xerostomia, or perceived
worsening in their symptoms (Fig. 2 E and F). The fifth in-
dividual experienced improvement in these two assessments,
without increased parotid flow (Fig. 2 E and F). Thus, if both
enhanced parotid flow and improved subjective responses are
considered to indicate efficacy, then AdhAQP1 treatment was
dose-dependent, with peak responses occurring at 2.9 × 108 and

1.3 × 109 vector particles (vp) per gland. There was no difference
between responders and nonresponders in age (responders: 59.2
± 2.1; nonresponders: 60.6 ± 3.0; P = 0.699), IR dose to the
salivary glands (responders: 62 ± 3.8; nonresponders: 70.8 ± 1.7;
P = 0.2724), or average baseline parotid saliva flow rates (res-
ponders: 0.083 ± 0.021; nonresponders: 0.127 ± 0.013; P =
0.135). Median serum-neutralizing antibody levels at baseline for
responders and nonresponders were <1:192 and <1:512, re-
spectively. (Fig. S1).
Generally, salivary 99mTcO4 scans were unhelpful for pre-

dicting subject responders and demonstrating positive responses;
that is, for 10 subjects 99mTcO4 scan results and kinetic analyses
were not distinguishing. However, subject #73 showed a widely
scattered pattern of 99mTcO4 uptake, both before and following
AdhAQP1 treatment, suggesting individuals with such a pattern
initially would be poor candidates for hAQP1 gene transfer.
Similarly, magnetic resonance imaging proved unhelpful for
predicting patient responders and demonstrating positive
responses to vector treatment. We compared the percent change
from baseline of average signal intensities in all sequences, be-
tween treated and not treated glands and between responders
and nonresponders. Signal intensities varied unpredictably in
each scan and did not show any correlation with response to
treatment. Conversely, 67Ga uptake scans were useful in dem-
onstrating local inflammation in the targeted glands. As shown in
Table 3, subjects in the first two dose tiers showed little difference
in 67Ga uptake in targeted glands following AdhAQP1 delivery.
However, three of five subjects treated in dose tiers 3 and 4
exhibited substantially increased 67Ga uptake in targeted glands
(subject #s 4, 105, and 116; >20% increase in 24 h/baseline ra-
tio), consistent with localized inflammation.

Discussion
There are three major findings through day 42 of this phase I
study. First, delivery of an Ad5 vector to a single parotid gland is
safe. No consistent or systematic changes were seen in any pa-
rameter of clinical safety measured. Furthermore, relatively few
adverse events were recorded during this observation time, all
being mild or moderate. Of adverse effects seen, two types were
notable. One, RCA in one subject’s saliva, required us to invoke
a stopping rule temporarily. This situation was extensively de-
scribed earlier (12), occurred because of latent Ad5 infection in
the targeted gland, and is likely an uncommon occurrence, dif-
ficult to predict prospectively. However, it was reassuring that
the event was temporary, resulted in no viremia, and resolved
without sequalae or need for intervention. The other situation,
occurrence of inflammatory changes (clinical chemistry; 67Ga
uptake) associated with vector delivery in targeted glands, was
dose-dependent, occurring to some extent in all four subjects
receiving an AdhAQP1 dose > 1 × 106 vp/μL infusate (Table 1)
(Subject #s 105, 116, 118, and 4). Overall, the notion that at the
doses administered, Ad5 vector delivery to parotid glands is es-
sentially safe is consistent with earlier reports targeting several
tissues (e.g., refs. 13 and 14).
Our second major finding was that hAQP1 gene transfer en-

hanced parotid flow rate in 6 of 11 treated subjects, suggesting
our original hypothesis was achievable in humans. Thus, this
study represents a potential advance for patients with RTOG
late-grade 2–3 toxicity currently lacking suitable conventional
therapy. The responder percentage in the first three dose tiers
was identical, based on enhanced parotid saliva flow, with two of
three subjects responding per group. Importantly, five of these
six responders also had improvement in subjective symptoms
(versus one of five among nonresponders), further supporting
the notion that observed changes in parotid flow rates are clin-
ically significant. In contrast to these findings, neither of the two
subjects in the highest dose group had an objective response; in
fact, both experienced a decrease in parotid flow rate following

Table 2. Summary of adverse events through day 42

Dose tier (n) Grade 1 (mild) Grade 2 (moderate) Grade 3 (severe)

1 (3) 18* 2 0
2 (3) 19† 3 0
3 (3) 19‡ 1 0
4 (2) 3 0 0
Total (%) 59 (90.8) 6 (9.2) 0 (0)

Data shown are the number of adverse events (grades 1, 2, or 3) recorded
in each dosing tier. The percentages shown are of the total number (i.e., 65).
See footnotes below for specific adverse events; all other adverse events (50/
65; 76.9%) were judged as unlikely related or unrelated to treatment.
*Five were judged possibly related to treatment (subject #s 19, 25, 40).
†Three were judged possibly related to treatment (subject #s 73, 99).
‡Two were judged possibly, four probably, and one definitely related to
treatment (all with subject 105).

Table 3. Summary of 67Ga citrate uptake results

Dose tier Subject # Baseline +24 h +96 to 168 h

1 40 1.205 1.168 (0.97) ND
25 0.905 0.886 (0.98) ND
19 0.941 1.010 (1.07) ND

2 50 1.250 1.234 (0.99) ND
73 0.846 0.884 (1.04) ND
99 1.063 1.176 (1.11) ND

3 105 1.115 1.434 (1.29) 2.720 (2.44)
118 1.025 0.979 (0.96) 1.151 (1.12)
103 0.991 1.007 (1.02) 1.124 (1.13)

4 4 0.995 1.483 (1.49) 1.778 (1.79)
116 1.133 1.381 (1.22) 1.578 (1.39)

Data shown are the results of 67Ga citrate scans, to assess inflammation in
parotid glands, performed at baseline, 24 h or 96–168 h following AdhAQP1
administration to the targeted parotid gland. A region of interest, defining
either the targeted or nontargeted contralateral gland, was identified and
applied to both glands; the number of counts in each region was quantified,
and then the ratio of counts in the targeted/nontargeted gland was calcu-
lated (see SI Methods for additional details). Next, a ratio of these quotients,
at each time-point (+24 h or +96 to 168 h) to that at baseline, was deter-
mined. These ratios are in parentheses within the table. ND, not done.
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AdhAQP1 delivery. Based on the clinical outcomes and the
presence of inflammation in subjects receiving an AdhAQP1
dose > 1 × 106 vp/μL infusate (subject #s 105, 116, 118, and 4),
only one (#118) was considered to be a responder with an
∼threefold increase in salivary flow (Fig. 2); the other subjects
(#s 105, 116, and 4) had no benefits from treatment and were
considered nonresponders. These data suggest that Ad5 vector
doses > 1 × 106 vp/μL infusate [vector dose/gland infusate vol-
ume; equivalent to >1.3 × 107 vp/kg body weight] are associated
with an increased inflammatory response in parotid glands and
less likely to yield clinical benefits when an Ad5 vector is used for
mediating gene transfer. Of both remaining nonresponders, one
had the RCA event and consequent target cell lysis (subject
#25), and the other (subject #73) showed highly irregular
99mTcO4 uptake before and following AdhAQP1 treatment. We
do not yet understand why subject #40 failed to experience
subjective benefit from AdhAQP1 treatment, despite a measur-
able biologic effect. The lack of response caused by inflammation
or Ad5 reactivation and RCA formation could be circumvented
by using another vector-delivery system (e.g., based on a serotype
2, adeno-associated virus) (15). Overall, the proportion of res-
ponders seen herein is not surprising, given findings from pre-
vious phase I gene-therapy studies using Ad5 vectors in diverse
tissues, such as the eye, heart, peripheral vasculature, and lung
(e.g., refs. 16–19).
Our last major finding was that positive responses seen in the

responders did not follow a time course predicted from previous
Ad5 vector studies with mice, rats, miniature pigs, and macaques.
Generally, those studies showed peak transgene expression times
24–72 h after vector delivery, with biological responses occurring
shortly thereafter (e.g., refs. 20–23). Specifically, when AdhAQP1
was studied in irradiated miniature pigs, a peak response of in-
creased salivary flow was seen on day 3 (first time-point mea-
sured), which then decreased on days 7 and 14 (10). However,
among the six responders, the time at which peak elevations in
parotid salivary flow occurred was quite variable and much later
than in animal studies [i.e., days 7, 14 (twice), 28 (twice), and 42].
In part the reason may reflect use of inbred rodents for many
preclinical studies, and controlled environments and nutritional
intake for all animal model studies. Another consideration is that
human species C adenoviruses, to which Ad5 belongs, function
less efficiently in cells from nonhuman mammals, including
monkeys (e.g., ref. 24). Furthermore, the kinetics of transgene
expression or physiological responsiveness following Ad5 trans-
duction in several clinical studies directed at other tissues, not
involving treatment of a malignancy, have also shown considerable
variability (e.g., refs. 16, 19, 25–27).
Interestingly, we found no relationship between the preex-

isting Ad5 neutralizing antibody titer and positive responses to
AdhAQP1 (Table 1). In other studies examining neutralizing
antibodies following Ad5 vector administration to multiple
tissues, healthy and diseased individuals show great variability,
ranging from little to no response to extremely high levels (e.g.,
refs. 14 and 16). Such behavior was unrelated to vector dose,
but highly correlated with preexisting anti-Ad5 antibody levels
(i.e., unlike the situation with naïve experimental animals) (28).
It is likely that the inflammatory changes seen herein were
because of cell-mediated immune reactivity, which we plan to
assess using peripheral blood lymphocytes obtained from all
subjects during the study.
Clinical gene therapy, like clinical use of stem cells and novel

biologicals, is being developed for conditions lacking adequate
conventional therapies. The overwhelming majority of clinical
gene-therapy applications have focused on cancer (70.3%), with
monogenic (9.05%), cardiovascular (7.1%), and infectious dis-
eases (6.15%) forming the next most frequent applications (http://
oba.od.nih.gov/rdna/adverse_event_oba.html; accessed May 20,
2012). This study represents a unique direct gene-therapy clinical

Fig. 2. Summary of clinical response data. Clinical responses following
vector delivery as measured by (A) absolute parotid salivary flow rate from
the targeted gland and (B) the proportional increase in peak parotid salivary
flow shown as the percent of baseline. Statistical significance was de-
termined using the Wilcoxon matched-pair rank test for the change in ab-
solute values. The Wilcoxon signed rank test was used to test if the peak
proportional increase in parotid salivary flow was significantly different
from the baseline (100%). Individual changes in parotid salivary flow are
shown (C) for absolute salivary flow rates and (D) for proportional changes
compared with baseline. Coding for individual subjects is shown as indicated
in the Inset in C. All subjects shown in black were considered nonresponders
(< 50% increase in salivary flow rate; see text). All subjects shown in colors
were considered responders (at least 50% increase in parotid salivary flow
rate following AdhAQP1 administration). The days indicated to the right of
each peak data point correspond to the days on which that peak parotid
flow rate was observed. Visual analog scale (VAS) results from all subjects, at
baseline and peak time of parotid salivary flow, are shown for both the
amount of saliva perceived (E) (rate how much saliva is in your mouth) and
dryness of their mouth (F) (rate the dryness in your mouth). Note that lower
VAS results indicate an improvement in symptoms. The colors and symbols
used to identify individual subjects are identical to those shown in C. See text
for additional details.
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trial in the oral cavity for a nonmalignant condition and one of the
few times that gene transfer has been used to treat a quality of life
disorder. We chose an Ad5 vector over an adeno-associated virus
vector to limit any concerns related to the long-term presence of
a viral vector, in case the study did not show any benefit. The
results are cautiously encouraging for the treatment of IR-induced
xerostomia with patients in RTOG grades 2 and 3. Because Ad5
vectors do not result in permanent gene transfer, our findings
represent an important proof-of-concept and suggest further study
of hAQP1 gene transfer with less immunogenic vectors; for ex-
ample, serotype 2 adeno-associated virus, capable of longer-lived
expression in salivary glands (15), are warranted.

Methods
Subjects. Subjects were assigned to a dose tier in the order in which it was
determined that they met all eligibility criteria for enrollment (see Table S2
for all inclusion and exclusion criteria). Fig. 1 depicts the screening and en-
rollment process for subjects. A total of 136 individuals were screened by
telephone for general eligibility. Seventeen individuals were deemed suit-
able for a detailed clinical assessment (predose 1 visit) (Fig. S2). Of these 17
candidates, 11 were eligible for enrollment and received AdhAQP1 vector
treatment (below). This phase I clinical trial [National Institutes of Health
(NIH) protocol 06-D-0206] was approved by the National Institute of Dental
and Craniofacial Research Institutional Review Board, the NIH Biosafety
Committee, the Recombinant DNA Advisory Committee, the FDA (IND BB-
13,102), and an independent Data and Safety Monitoring Board (DSMB). The
study was an open-label, single-dose, dose-escalation design, with all sub-
jects treated and followed at the NIH Clinical Center. Detailed descriptions
of this clinical protocol have been previously reported (8, 29). Dose escala-
tion was done after DSMB review of all accumulated data following com-
pletion of the day 28 visit for all subjects in each dose tier. Subjects were
seen twice before vector administration and 13 times following treatment

[on days 1 (twice, at 6 and 12 h), 2, 3, 7, 14, 28, 42, 90, 120, 150, 180. and 360]
(Fig. S2). As noted above, only results through day 42 are reported herein;
longer follow-up will be reported separately. Subjects were in-patients
during days 1–3 and outpatients for other visits. Each visit included a physical
examination, oral/head and neck examination, saliva collection, detailed
clinical chemistry, and hematologic and urine analyses.

Treatment. Approximately 30 min before administration of AdhAQP1, sub-
jects received 4 μg/kg of glycopyrrolate intravenously to stop existing salivary
flow from interfering with vector transduction. The targeted parotid gland
was determined during predose 1, based on access to Stensen’s duct for
cannulation, salivary flow rate (per protocol <0.2 mL /min per gland) and
a sialographic appearance consistent with IR damage. Sialograms were also
used to determine the volume of vehicle in which vector dose was to be
suspended for administration. Thereafter, following dilation of Stensen’s
duct using graded lacrimal probes, cannulation was performed with a Pro-
tectIV Plus Safety IV Catheter-Radiopaque, (Ethicon Endo-Surgery; catalog
#3060; 22 gauge by 1 in). AdhAQP1 at the indicated dose and suspended in
vehicle was then infused into the targeted parotid gland in a retrograde
direction using the predetermined gland infusate volume. The cannula was
held in place for 10 min to ensure a reasonable contact time between the
vector and gland parenchyma, and to help prevent anterior loss of infusate.
Following removal of the cannula, the “draining” AdhAQP1 suspension was
suctioned along the buccal mucosa and floor of the mouth for 5 min. There
was no manipulation of the contralateral parotid gland.
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