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ABSTRACT
◥

Purpose: Mesenchymal stem/stromal cell therapy may reduce
radiation-induced xerostomia. We investigated the long-term safety
of autologous adipose tissue-derived mesenchymal stem/stromal
cell (ASC) injections into the submandibular glands.

Experimental Design: An investigator-initiated, randomized,
single-center, placebo-controlled trial. Previous patients with
oropharyngeal squamous cell carcinoma with radiation-induced
xerostomia were randomly (1:1) allocated to receive a 2.8 million
ASCs/cm3 injection or placebo in both submandibular glands
and followed for a minimum of 2 years. The primary endpoint
was number of serious adverse events (SAE). Secondary endpoints
included whole saliva flow rates and xerostomia-related symptoms.
Data analysis was based on the intention-to-treat population using
repeated measures mixed-effects linear models.

Results: Thirty-three patients were randomized; 30 patients
were treated (ASC group, n ¼ 15; placebo group, n ¼ 15). Long-

term safety data were collected from all 30 patients. During
follow-up, 6 of 15 (40%) of the ASC-treated patients versus 5
of 15 (33%) of the placebo patients experienced an SAE; no SAEs
appeared to be treatment related. Unstimulated whole saliva flow
rate increased to 0.20 and 0.16 mL/minute in the ASC and placebo
group, respectively, yielding a 0.05 mL/minute (95% confidence
interval: 0.00–0.10; P ¼ 0.051) difference between groups.
Patient-reported xerostomia symptoms diminished according to
a decreased xerostomia questionnaire summary score of 35.0 and
45.1, respectively [�10.1 (�18.1 to�2.2); P¼ 0.013]. Three of the
visual analog scale xerostomia measures indicated clinical benefit
following use of ASC.

Conclusions:Our data show that ASC therapy is safe with
a clinically relevant effect on xerostomia-related sympt-
oms. Confirmation in larger randomized controlled trials
is warranted.

Introduction
Damage to the major salivary glands is a leading permanent side

effect of radiotherapy for head and neck cancers, and adequate

treatment is missing (1). Around 800,000 patients are diagnosed
worldwide with head and neck cancer annually, and in approximately
70%–80% of these cases, radiotherapy is a key treatment modality
either alone, with chemotherapy or surgery, or both (2, 3). The salivary
glands are highly sensitive to irradiation, which leads to chronic
inflammation, loss of acinar cells, local intrinsic stem/progenitor cells
and blood vessels, and progressive fibrosis. Reduced salivary flow rate
may result in xerostomia; chewing, swallowing, and speech difficulties;
dental decay; sleep deprivation due to oral dryness; and impaired
quality of life.

Mesenchymal stromal/stem cells (MSC) are adult multipotent
cells residing in abundance in the human body’s vascularized
tissues. Expanded MSCs can promote immunomodulation, antifi-
brosis, regeneration, angiogenesis, and restore tissue homeosta-
sis (4, 5). Animal studies indicate that MSCs can potentially restore
radiation-damaged tissues (6–9). However, although several trials
with various clinical applications have been conducted only few
studies have reported on the long-term safety and efficacy of MSCs
in humans (10–14).

The MESRIX trial was the first randomized, double-blind, placebo-
controlled trial in humans to investigate the safety and efficacy of
autologous adipose tissue–derived MSC (ASC) injections into the
submandibular glands in previous patients with oropharyngeal squa-
mous cell carcinoma (OPSCC) with radiation-induced salivary gland
hypofunction and xerostomia. The early effects after 4months showed
a tendency toward increased production of unstimulated whole
saliva and reduced xerostomia-related symptoms (15). The objectives
of the current study according to the trial registration were to report
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the long-term safety [serious adverse events (SAE)] and the effective-
ness of intraglandular injection ofASCs into the submandibular glands
of previous patients with human papillomavirus–associated oropha-
ryngeal squamous cell carcinoma (HPVþOPSCC), relative to placebo,
after at least 2 years from baseline.

Materials and Methods
Study design and participants

The MESRIX trial was an investigator-initiated, single-center,
randomized, placebo-controlled, phase I/II trial with a minimum of
2 years follow-up performed at the Department of Otolaryngology,
Head and Neck Surgery & Audiology, Rigshospitalet, Copenhagen
University Hospital, Copenhagen, Denmark. The patients had under-
gone irradiation with volumetric-arc therapy to a total dose of 60–68
Gy, given in 2-Gy fractions. This treatment almost invariably delivers
virtually the full dose to the ipsilateral submandibular gland and
includes some dose to at least the lower part of the ipsilateral parotid
gland. Patients were randomly assigned to either ASC or placebo.
Outcomes were assessed at three consecutive timepoints following
baseline for the primary efficacy outcome (i.e., at 0, 1, 4 months, and
þ2 years from baseline). The study protocol complied with the
Declaration of Helsinki and was approved by The Danish National
Committee on Health Research Ethics (1406653), the Danish Med-
icines Agency (2014-004349-29), and the Danish Data Protection
Agency (30-1452). The trial was registered at clinicaltrials.gov before
enrolling patients (NCT02513238) and monitored according to Good
Clinical Practice principles. All patients provided written informed
consent. The study followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guidelines for randomized clinical trials.
The long-term follow-upwas performed fromMay 2019 toApril 2020.

The criteria for participation were described previously (15). The
inclusion criteria were patients of both sexes over 18 years of age with
radiation-induced salivary gland hypofunction and xerostomia after
radiotherapy for HPVþOPSCC stage 1–2 (HPVþOPSCC, UICC 7), a
minimum of 2 years after radiotherapy without relapse, no prior stem
cell treatments, no pregnancy, and no transmitted infectious diseases.
No use of supportive care of xerostomia was allowed during the study
period. Patients were strictly monitored regarding intake or use of any
treatment that may impact saliva flow rate or symptom relief.

Patients with cancer within the prior 2 years (not including
OPSCC), xerogenic medications, previous stem cell therapy, previous
surgery of the submandibular glands, known salivary gland disease,
pregnancy, or breastfeeding were ineligible. Initially, we planned to
include only patients with T1-T2 and N0-N2a but expanded it to N2b
and T3 due to the low inclusion rate.

Randomization and concealed allocation
Patients were randomized 1:1 at inclusion to either ASC treatment

or placebo by a computer-generated allocation sequence via http://
www.randomization.com. The allocation sequence was concealed
from the researcher(s) enrolling participants in sequentially numbered
opaque, sealed, and stabled envelopes and only available to specified
personnel at the Tissue Center, Department of Clinical Immunology,
Rigshospitalet. Assessors and patients were blinded to treatment
allocation for the first 4 months. The study was then unblinded to
report 4-month results to the patients and academia. At long-term
follow-up, the assessor was blinded to the baseline data, including data
on the salivary flow rates, and radiologists were blinded as to which
intervention group the patients belonged.

Treatment and outcomes
The ASCs were manufactured, characterized, and released as

described previously (15), according to Good Manufacturing Practice
and in compliance with the manufacturer’s authorization of human
investigational medicinal products issued by the Danish Medicines
Agency. In brief, from the stromal vascular fraction of the lipoaspirate,
the ASCs were culture expanded for approximately 2 weeks suspended
in isotonic NaCl (0.9 mg/mL) and human albumin (HA) 1% to a
volume of 1 mL. Placebo consisted of isotonic NaCl with 1% HA. The
patients received ultrasound-guided injections of 1 mL blinded sus-
pension of either ASCs or placebo into each submandibular gland. The
dose of ASCs was 2.8million ASCs/cm3 gland according to the volume
of the glands determined by MRI.

The primary endpoint of this study (NCT02513238) was the safety
assessed as SAEs.We also collected data on safety, including structural
changes to the submandibular glands (assessed byMRI), recurrence of
previous cancer, new primary cancer, and other SAEswith aminimum
of grade 3 severity according to Common Terminology Criteria for
Adverse Events v5.0 and treatment-related adverse events (infection,
oral discomfort, and pain longer than 1 week after intervention).
Secondary outcome measures were unstimulated and stimulated
whole saliva flow rate assessed by sialometry, patient-reported out-
comes measured on xerostomia symptoms, level of thirst, and amount
of saliva. Finally, submandibular gland volume was evaluated by MRI.

Assessments were performed at baseline (preintervention), 1 and
4months, and after aminimum of 2 years. At the long-term follow-up,
the patients completed xerostomia questionnaires (XQ) and under-
went sialometry; a complete ear, nose, and throat examination includ-
ing fiberoptic laryngoscopy; and an MRI scan.

Data on safetywere obtained fromelectronic patient records and the
Danish National Pathological Register and Data Bank. Data on
xerostomia symptoms were collected using the XQ and the visual
analog scale (VAS) XQ, with higher scores indicating higher symptom
burden (Supplementary Data S1; refs. 16, 17). The VAS scores cover
eight subdomains related to xerostomia (difficulties speaking and
eating, sensations of dryness) and the XQ results in a summary score.
Sialometry was rigorously performed in an undisturbed room between
1 pm and 4 pm. Patients were asked to drink aminimumof 2 L of water
the day before saliva collection and refrain from eating, drinking, and
performing oral hygiene procedures 2 hours before the measurement.

Translational Relevance

Damage to the major salivary glands is a leading permanent side
effect of radiotherapy for head and neck cancers, and adequate
treatment is missing. Mesenchymal stem/stromal cell therapy may
reduce radiation-induced xerostomia. We previously published
the short-term results of intraglandular injections of autologous
adipose tissue-derived mesenchymal stem/stromal cells (ASC),
versus placebo, indicating a benefit of the intervention in previous
patients with human papillomavirus þ oropharyngeal squamous
cell carcinoma. This study, an investigator-initiated, randomized,
placebo-controlled trial, investigated the long-term safety of ASC
injections into the submandibular glands.

This study demonstrates that an autologous ASC therapy is safe
and that it significantly reduced xerostomia-related symptoms.
This study also suggests that ASC therapy has a restorative effect on
unstimulated whole saliva flow rate. Confirmation in larger ran-
domized controlled trials is warranted.

Autologous Mesenchymal Stem for Xerostomia-MESRIX
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Unstimulated whole saliva (drooling method) was collected in a
preweighed plastic cup over a 15-minute period (15). Stimulated
whole saliva flow was collected over a 5-minute period (18, 19). First,
the patient chewed on 1 g of paraffin wax for 1 minute and swallowed
the newly produced whole saliva. The patient continued chewing, and
the stimulated whole saliva was collected for the following 5 minutes.
Saliva flow rates were calculated, whereby 1 g of whole saliva was
equivalent to 1 mL (19).

The MRI examinations included axial T2-weighted turbo spin-
echo sequences on which the glands were outlined. Gland delin-
eation was performed using a semiautomatic 3D segmentation tool
(AW server, GE Healthcare) by two radiologists (T.T. Andersen and
U.M. Ciochon) under the supervision of a board-certified neuro-
radiologist (G.S. Rathje).

Statistical analysis
The sample size calculation was described previously (15). The

prespecified statistical analysis plan (SAP) was developed while data
collection was incomplete and the trial data inaccessible (Supplemen-
tary Data S2). The primary analyses were performed on the intention-
to-treat (ITT) population, that is, independent of attrition during the
trial period. The ITT principle asserts the effect of a planned treatment
regimen rather than the actual treatment given. Accordingly, partici-
pants who were allocated to a treatment group (ASC and placebo,
respectively) and had the injection as prescribed following the ran-
domization were followed-up, assessed, and analyzed as members of
that group, irrespective of their adherence to the planned course of
treatment (i.e., independent of withdrawals and cross-over phenom-
ena). Thus, as described in the SAP, we used a modified ITT (mITT)
population, defined as randomized patients who received the invasive
intervention (either placebo or ASC).

We analyzed continuous outcomes using repeated measures linear
mixed-effects models, including participants as a random effects
factor, with fixed-effect factors for Group (two levels) and Time
[baseline þ three levels (baseline, day 30, 120, and 730þ)], and the
interaction between them (Group� Time) while also adjusting for the
level at baseline.

Missing data for the continuous data were handled indirectly and
statistically modeled via the linear mixed-effects models (above;
refs. 20, 21). The results for the continuous outcomes are reported
on the basis of the least squaresmeans with SEs for each group, and the
corresponding difference between groups is reported with 95% con-
fidence intervals (CI). Exact logistic regression was used to model the
binary (safety) outcomes; exact logistic regression is appropriate
because the safety outcomes are binary and the sample size was small
with rare events. These models are preferable to a regular logistic
regression; these estimates and corresponding P values given by exact
logistic regression do not depend on asymptotic results. A two-sided
P < 0.05 was taken to indicate statistical significance. Data analysis was
conducted using SAS version 9.4 software (SAS Studio).

Data availability
Full dataset and software code to replicate the main analysis is

available from the corresponding author on reasonable request.

Results
Adiagramof the progress through the phases of the trial is presented

in Fig. 1. Thirty of the 33 randomized patients received the intended
intervention [ASC (15) or placebo (15)] between May 2015 and April
2017 (Table 1). The groups were balanced at baseline; baseline

characteristics for the 30 participants included in the ITT population
are presented in Table 1. The ASC group was followed for a median of
3.6 [interquartile range (IQR): 3.3–3.9] years and the placebo group for
3.4 (IQR: 2.9–3.8) years.

Safety
Safety data were obtained from all 30 patients in the mITT pop-

ulation (Table 2). No patients experienced treatment-related or
unexpected SAEs and no patients died. Between baseline and fol-
low-up, an SAE was experienced by 6 (40%) patients in the ASC group
and 5 of 15 patients (33%) in the placebo group. These figures
correspond to an exact OR of 1.32 (95% CI: 0.20–7.67, P > 0.71).
One patient (�7%) with a previous OPSCC T1N2bM0 from the ASC
group was diagnosed with a local recurrence—a squamous cell car-
cinoma in the ipsilateral mandible—during surgery for osteoradione-
crosis (ORN) 7 months after the ASC treatment. The patient was
diagnosed with persistent advanced ORN of the mandible before
enrollment in the trial. The same patient received intravenous treat-
ment for mucosal candidiasis months later. One patient with previous
OPSCC T1N1M0 was treated with bevacizumab 7 years after radio-
therapy for severe treatment juvenile-onset recurrent respiratory
papillomatosis and was diagnosed with osteonecrosis of the hyoid
bone. One patient (�7%) in the placebo group was diagnosed with
severe periodontal disease requiring surgical intervention. Two
patients (�13%) from the ASC group and one (�7%) from the placebo
group were diagnosed with a new non–head and neck cancer. No
treatment-related adverse events comprising infection, oral discom-
fort, or prolonged pain were found.

Key efficacy trajectories
Of the 30 participants, we obtained allmeasures from 27 patients: 14

from the ASC group (93%) and 13 from the placebo group (87%). The
trajectories for the key secondary outcomes are illustrated in Fig. 2,
with the long-term effectiveness data after at least 2 years presented
inTable 2. At long-term follow-up, unstimulatedwhole salivaflow rate
in the ASC group was 0.20 compared with 0.16 mL/minute in the
placebo group, corresponding to a difference between the least squares
means of 0.05 mL/minute (95% CI: 0.00–0.10; P¼ 0.051). This is also
illustrated in Fig. 2, where the trajectory of the relative increase was
95% (SE � 21.7) in unstimulated whole saliva flow rate in the ASC
group from baseline compared with an increase of 33% (SE� 22.5) in
the placebo group (Fig. 2A). The stimulated whole saliva flow rate
was 1.13 (�0.09) mL/minute in the ASC group and 1.16 (�0.09)
mL/minute in the placebo group at long-term follow-up with a
difference of �0.03 mL/minute (95% CI: �0.29 to 0.24; P ¼ 0.85)
between the groups. Figure 2B illustrates the trajectory of the relative
increase in stimulated whole saliva flow rate of 28% (SE� 12.7) in the
placebo group and 27% (SE � 12.7) in the ASC group compared with
baseline (Fig. 2B).

Patient-reported outcomes
Of the 30 participants, 28 patients (14 from each group) had

complete patient-reported outcomes. Patients in the ASC group
reported an XQ summary score of 35.0 (�2.79) and the placebo
group, a score of 45.1 (� 2.87), corresponding to a significant
difference between the groups of �10.1 (95% CI: �18.1 to �2.2;
P¼ 0.013; Fig. 2C). When side effects were evaluated according to the
VAS scores, only the item covering the level of thirst (item 8) showed a
statistically significant difference between the groups at long-term
follow-up. In the ASC group, the level of thirst was 29 (� 4.8)
compared with 54 (� 4.8) in the placebo group, corresponding to a
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significant difference of 24.9 units (95% CI:�38.4 to�11.3; P < 0.001)
between the groups in favor of ASC (Table 2).

MRI assessments
In the ASC group, all 15 patients had scans performed: 14 had

MRI scans of the neck and 1 had a CT scan of the neck. Thirteen
patients from the placebo group underwent MRI scans. No struc-
tural changes or signs of salivary gland disease were observed in
either group, nor did salivary glands volume differ between the
groups (Table 2).

Discussion
This randomized, placebo-controlled trial reveals the first-in-

human long-term safety and efficacy evidence of intraglandular
injections into the submandibular glands with autologous culture–
expanded ASCs in an attempt to restore and alleviate radiation-
induced xerostomia and salivary gland hypofunction. Our results
demonstrate that intraglandular injections with autologous ASCs in
previous patients with HPVþOPSCC are safe as no treatment-related
SAEs were identified, no patients died, and no MRI-detected signs of
changes (size, structure, fat distribution) within the submandibular

glands occurred. One patient in the ASC group was diagnosed with a
local recurrence in the ipsilateral mandible during surgery 7 months
after the ASC treatment for an advanced ORNknown prior to the trial,
and presumably the patient had developed the cancer before entering
the trial. Six patients (6/15, 40%) experienced an SAE during the
follow-up compared with 5 patients in the placebo group (5/15, 33%),
corresponding to an exact OR of 1.32 (95% CI: 0.20–7.67; P > 0.71).
The number of SAEs in both groups may seem high, but the patients
were older (mean age, 59.3 at enrollment), predominately male (63%),
37% were previous smokers, and all had a previous history of cancer,
all of which increases the risk of SAEs. In addition, Denmark has a
public health care system, and all treatments are documented in
electronic medical records, which may also have contributed to the
high number of recorded SAEs.

On the basis of preclinical findings, we do not expect ASCs to
differentiate or survive for a longer time (4–8).We do, however, expect
the ASCs to support the innate regeneration processes within the
submandibular glands. We find it highly unlikely that the ASC
treatment is related to the onset of a new squamous cell carcinoma
outside the submandibular glands.

A noteworthy finding was the statistically significant decrease
in patient-reported symptoms of xerostomia in the ASC group as

Figure 1.

CONSORT flow diagram of recruitment and study flow.
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compared with the placebo group for the XQ summary score. For the
subdomains collected with the VAS patient-reported outcomes, level
of thirst differed significantly between the groups at long-term follow-
up. The decreased xerostomia symptoms observed in the placebo arm
are notable, because further substantial reduction in xerostomia-
related symptoms or improvement in salivary gland function would
not be expected exceeding a time span of 2 years after radiotherapy.
However, this observation may suggest that a basic level of normal
recovery from radiation damage might have been partly in progress in
both groups and enhanced in the intervention arm. Symptoms of

xerostomia and objective signs of reduced salivary flow rate are often
weakly correlated (16, 22).

In this trial, however, the improvement in xerostomia at the long-
term follow-up was paralleled by a clinically relevant increase in
unstimulatedwhole saliva flow rate of 95% in theASC group (increasing
to 0.20 mL/minute) compared with a 33% increase (to 0.16 mL/minute)
in the placebo group. Normal flow rates for unstimulated whole
saliva are between 0.3 and 0.5 mL/minute; salivary gland hypo-
function is defined as ≤0.2 mL/minute and hyposalivation as
≤0.10 mL/minute (1, 23). Thus, while an arbitrary cut-off value

Table 1. Baseline characteristics in the mITT population.

ASCs (n ¼ 15) Placebo (n ¼ 15) Total (n ¼ 30)

Characteristica

Age (years) 58.3 (�7.1) 60.3 (�7.9) 59.3 (�7.4)
Males, n (%) 9 (60) 10 (67) 19 (63)
Ethnicity, Caucasian, n (%) 15 (100) 15 (100) 30 (100)
Smoking status, n (%)

Current 0 (0) 1 (7) 1 (3)
Prior 6 (40) 4 (27) 10 (33)
Never 9 (60) 10 (67) 19 (63)

Primary tumor site, n (%)
Tonsil 13 (87) 13 (87) 26 (87)
Base of tongue 2 (13) 2 (13) 4 (13)

T stage, n (%)
T1 7 (47) 5 (33) 12 (40)
T2 6 (40) 10 (67) 16 (53)
T3 2 (13) 0 (0) 2 (7)

N stage, n (%)
N0 2 (13) 1 (7) 3 (10)
N1 4 (27) 2 (13) 6 (20)
N2a 2 (13) 2 (13) 4 (13)
N2b 7 (47) 9 (60) 16 (53)
N2c 0 (0) 1 (7) 1 (3)

Treatment, n (%)
Radiotherapy only 2 (13) 1 (7) 3 (10)
Radiotherapy with cisplatin 13 (87) 14 (93) 27 (90)

Duration from radiotherapy to intervention, years 4.0 (�1.2) 3.5 (�1.2) 3.7 (�1.2)
Radiation of SMG (Gy):

Mean RT dose ipsilateral SMG 65.7 (�3.9) 65.4 (�2.8) 65.5 (�3.2)
Mean RT dose contralateral SMG 41.0 (�19.3) 37.8 (�13.9) 39.4 (�16.8)
Mean RT dose SMG, base of tongue 59.9 (�6.6) 63.5 (�3.9) 61.7 (�5.7)

Whole saliva production (mL/minute)b

Unstimulated whole saliva flow rate 0.12 (0.06–0.15) 0.13 (0.09–0.21) 0.12 (0.09–0.21)
Stimulated whole saliva flow rate 0.74 (0.63–1.33) 0.90 (0.79–1.18) 0.85 (0.72–1.18)

Patient-reported complaints of xerostomiab

XQ, summary score (scale: 0–100) 51 (39–65) 49 (31–71) 51 (33–71)
VAS, VAS score (scale: 0–100)

Difficulty speaking (#1) 20 (7–41) 22 (8–28) 21 (8–28)
Difficulty swallowing (#2) 45 (29–74) 36 (23–60) 44 (25–70)
Amount of saliva (#3) 45 (20–77) 48 (26–71) 47 (26–75)
Dry mouth (#4) 44 (19–86) 47 (35–66) 46 (26–77)
Dry throat (#5) 46 (20–87) 48 (40–67) 48 (35–73)
Dry lips (#6) 42 (23–74) 47 (4–74) 46 (9–74)
Dry tongue (#7) 36 (17–47) 39 (12–58) 38 (17–51)
Level of thirst (#8) 52 (22–92) 41 (6–67) 43 (16–67)

MRI-evaluated volume of SMG (cm3)b

MRI volume of left SMG 5.3 (3.8–6.0) 5.7 (4.6–7.9) 5.5 (4.2–6.9)
MRI volume of right SMG 5.5 (3.8–6.3) 6.2 (4.0–6.5) 5.8 (4.0–6.5)

Abbreviations: Gy, gray; mITT, modified intention-to-treat; MRI, magnetic resonance imaging; RT, radiation therapy; SMG, submandibular gland; VAS, visual analog
scale; XQ, Xerostomia Questionnaire.
aValues are reported as means (SD) unless otherwise stated.
bValues are reported as medians with IQRs.
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for the diagnosis of hyposalivation has been agreed upon, a clinically
meaningful increase in unstimulated whole saliva flow rate has yet to
be defined and would depend on a variety of objective and subjective
parameters, here among the increase in salivary flow rate relative to the
baseline flow rate and the variation in each individual patients’
threshold to the symptoms of xerostomia. Likewise, a clinically
significant difference in the patient-reported outcome measure XQ
summary score has not been defined.

At long-term follow-up, the unstimulated whole saliva flow rate for
the ASC group was just at the limit of salivary gland hypofunction and
was lower for the placebo group. The 33% increase of unstimulated
whole saliva flow rate in the placebo group illustrates that the patients
in this study experienced an ongoing natural repair of salivary gland
function by endogenous stem cells years after undergoing radiother-

apy, the capacity of which depends on the number of functional
residual salivary stem cells surviving the total radiation dose to the
salivary glands. This is consistent with results from studies following
the first two years after irradiation (24, 25). Consequently, our results
support that ASCs potentially assist innate tissue repair mechanisms.
No difference within the stimulated whole saliva flow rate was seen
between the two groups at long-term follow-up. This result was not
surprising given that the intervention (ASC/placebo) was not provided
to the parotid glands, which are responsible for approximately 50% of
stimulated whole saliva secretion (1). We measured only whole saliva
flow rates because submandibular gland flow rate is technically
challenging to evaluate and is associated with the risk of several
confounders, especially because more invasive measurements are not
recommended for irradiated patients.

Table 2. Primary and secondary outcomes at 2 years or more after randomization in the mITT population.

ASCs (n ¼ 15) Placebo (n ¼ 15) Difference (95% CI) P

Variablea

Primary outcome (composite outcome):
Serious adverse events, patients, n (%) 6 (40%) 5 (33%) OR ¼ 1.32 (0.24–7.67) >0.70b

SAE components, n (%)
Treatment-related SAEs 0 (-) 0 (-) —

Death 0 (-) 0 (-) —

Relapse 1 (7%) 0 (-) —

New primary head and neck cancer 0 (-) 0 (-) —

New primary cancer (not head and neck) 2 (13%) 1 (7%) —

New osteonecrosis 1 (7%) 0 (-) —

Oral infection (IV treated) 1 (7%) 0 (-) —

Neurologic disorder 1 (7%) 1 (7%) —

Cardiac disease 0 (-) 0 (-) —

Other SAEs 3 (20%) 4 (27%) —

Other SAEs
Urinary disorder (cystocele) 1 (7%) 0 (-) —

Fracture 0 (-) 2 (13%) —

Recurrent laryngeal nerve palsy 1 (7%) 0 (-) —

Fibroma cervicalis 0 (-) 1 (7%) —

Pancreatitis 1 (7%) 0 (-) —

Periodontal disease (severe) 0 (-) 1 (7%) —
Disease in the submandibular glands, n (%) 0 (-) 0 (-)
Secondary outcomes
Whole saliva production (mL/minute):

Unstimulated whole saliva flow rate 0.20 (�0.02) 0.16 (�0.02) 0.05 (0.00 to 0.10) 0.051
Stimulated whole saliva flow rate 1.13 (�0.09) 1.16 (�0.09) �0.03 (�0.29 to 0.24) 0.85

Patient-reported complaints of xerostomia:
XQ, summary score (scale: 0–100) 35.0 (�2.79) 45.1 (�2.87) �10.1 (�18.1 to �2.2) 0.013
VAS, VAS score (scale: 0–100)

Difficulty speaking (#1) 23 (�4.4) 25 (�4.4) �2.2 (�14.7 to 10.3) 0.72
Difficulty swallowing (#2) 35 (�5.2) 49 (�5.2) �15.0 (�29.2 to 0.2) 0.053
Amount of saliva (#3) 42 (�5.2) 49 (�5.2) �6.0 (�20.6 to 8.5) 0.41
Dry mouth (#4) 43 (�4.7) 48 (�4.7) �5.1 (�18.3 to 8.2) 0.45
Dry throat (#5) 44 (�4.3) 48 (�4.3) �4.0 (�15.8 to 8.3) 0.54
Dry lips (#6) 32 (�5.0) 47 (�5.0) �12.5 (�26.5 to 1.4) 0.077
Dry tongue (#7) 30 (�3.6) 38 (�3.6) �7.3 (�17.5 to 2.9) 0.16
Level of thirst (#8) 29 (�4.8) 54 (�4.8) �24.9 (�38.4 to �11.3) <0.001

MRI-evaluated volume of SMG (cm3)
MRI volume of left SMG 6.3 (�0.17) 6.8 (�0.17) �0.45 (�0.93 to 0.03) 0.066
MRI volume of right SMG 5.7 (�0.15) 5.5 (�0.16) 0.19 (�0.25 to 0.63) 0.40

Median time from baseline, days 1,247 (1,064–1,399) 1,307 (1,186–1,429) �61 (�212 to 90) 0.43

Abbreviations: CI, confidence interval; IV, intravenously; MRI, magnetic resonance imaging; SAE, serious adverse event; SMG, submandibular gland; VAS, visual
analog scale; XQ, Xerostomia Questionnaire.
aValues are reported as least squares means � (SE) and differences presented with 95% CIs unless otherwise stated. Medians are reported with lower and upper
quartile.
bCalculated on the basis of a x2 test compared with a Fisher exact (two-sided) test, P ¼ 1.00.
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As our study is the first to present long-term safety and efficacy
results of intraglandular ASC treatment, direct comparisons cannot be
made with evidence from other trials.

This study has potential limitations. In accordance with the
initial protocol, the study was unblinded after 4 months, which is
a major limitation for the long-term follow-up especially for the
reporting of xerostomia-related symptoms (i.e., potential perfor-
mance bias). However, the results from the xerostomia question-
naires resemble both the objective changes in unstimulated whole
saliva flow rate found at the long-term follow-up and the patient-
reported outcomes reported before unmasking at 4 months. The
radiologists and the assessor performing the sialometry were
blinded to baseline values. Another limitation is the inclusion of
only previous patients with HPVþ OPSCC. We observed a small
but significant difference in the T and N categorization between the

intervention and placebo arm that favored the intervention arm. We
deem this unlikely to have impacted the results of this trial as there
is no difference between the groups when comparing the radiation
of the submandibular glands (measured in Gy). As the study only
included 30 patients, no subanalysis was planned. In future larger
trials, it would be interesting to investigate whether factors such as
age, radiation dose to the glands, and time from radiotherapy to the
ASC treatment affect the efficacy. Finally, no tissue biopsies were
performed as we found it unethical to perform histologic biopsies
from the placebo group again. However, histologic and proteomic
analysis of the salivary gland tissue may provide information of
changes induced by the ASC treatment in future studies.

In conclusion, our study is the first to provide a prospective long-
term follow-up on autologous ASC therapy for radiation-induced
salivary gland damage in humans. The study demonstrates that
intraglandular injections with autologous ASCs are safe and have the
potential to offer a clinically relevant restoring effect of increasing
unstimulated whole saliva flow rate and decreasing xerostomia. Addi-
tional studies of this intervention in all types of head and neck cancer
patients with radiation-induced salivary gland hypofunction and
xerostomia are warranted.
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