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Purpose: No effective treatment exists for radiation-induced
xerostomia. The objective of this study was to compare the effect
of adipose-derived mesenchymal stem/stromal cell (ASC) injection,
relative to placebo, on salivary gland function in patients with
radiation-induced xerostomia.

Patient and Methods: In this single-centre, double-blind, pla-
cebo-controlled trial, patients with hyposalivation were randomised
to receive ultrasound-guided injections of allogeneic ASCs or
placebo into the submandibular glands. Patients were followed for
4 months. We evaluated unstimulated whole salivary flow rate
(UWS), stimulated salivary flow rate, and patient-reported out-
comes. Adverse events were recorded and immune response deter-
mined in blood samples.

Results: We enrolled 120 patients. ASC treatment resulted in a
statistically significant UWS increase of 0.04 [95% confidence

Introduction

Head and neck cancer (HNC) affects more than 900,000 new
patients worldwide annually and in the majority of the patients
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interval (CI), 0.02-0.06] mL/min (38%) compared with pretreat-
ment baseline whereas placebo treatment did not cause a signif-
icant increase [0.01 (95% CI, —0.01 to 0.04) mL/min (21%)]. Both
the ASC and placebo treatment yielded notable symptom reduc-
tions, with dry mouth decreasing by 13.6 and 7.7 units, sticky
saliva decreased by 14.8 and 9.3 units, swallowing difficulties
decreased by 7.9 and 8.0 units, and the summary score of the
Xerostomia Questionnaire decreased 5.9 and 5.1 units for the
ASC and placebo arms, respectively. We found no statistically
significant group difference between the ASC and placebo arms
for any of the outcomes.

Conclusions: We could not confirm superiority of the ASC
relative to placebo. ASC therapy significantly improved UWS in
previous patients with head and neck cancer, whereas placebo
resulted in an insignificant increase.

radiotherapy is offered (1). Even though advances in radiotherapy
aim to minimize the damage of healthy tissue including the salivary
glands (SG), the SGs are highly sensitive to radiotherapy. This results in
chronic inflammation, loss of SG cells, and progressive fibrosis (2).
Xerostomia, dry mouth syndrome, and hyposalivation are the most
common side effects among HNC patients treated with radiotherapy,
and affects the health and quality of life (QoL) of up to 80% of the
patients (3). Xerostomia is a debilitating disorder impairing crucial
oral functions including talking and eating (4). Currently, only symp-
tomatic treatment for xerostomia exists and there is an unmet need for
new treatment strategies (5-7).

Mesenchymal stem/stromal cells have been proposed as a thera-
peutic option for the restoration of damaged SGs (8). Although the
precise mechanism of action is not fully elucidated, the cells are
thought to function through regenerative and immunomodulatory
mechanisms, likely employing a “hitand run” approach (9). These cells
release cytokines that promote immunosuppression, anti-fibrotic,
anti-scarring, and angiogenic effects (10-12). In addition, they can
induce nearby cells to divide, repair, or regenerate (10-12).

We have previously completed two pilot studies to assess adipose-
derived mesenchymal stem/stromal cell (ASC) therapy to restore SG
function in patients suffering from radiation-induced xerostomia (13, 14).
The studies demonstrated that ASC therapy was safe (13, 14). In addition,
patients receiving ASCs produced more saliva and QoL significantly
improved (13, 14). Larger randomized, clinical trials are needed to assess
the effectiveness of ASC treatment to restore SG function.
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Translational Relevance

Salivary gland hypofunction and xerostomia impairs essential
oral functions such as eating, swallowing, and speaking, substan-
tially affecting patients’ quality of life (QoL). Xerostomia is a
common side effect of radiotherapy treatment for head and neck
cancer, and currently, only symptomatic treatments are available.
Mesenchymal stem/stromal cells (MSC) have emerged as a prom-
ising candidate treatment for xerostomia, due to their remarkable
regenerative capabilities. We conducted an investigator-initiated,
randomized, double-blind, placebo-controlled trial to investigate
the use of MSCs for the treatment of xerostomia. The study
affirmed the safety of MSC treatment. Further, the study demon-
strated that MSC treatment resulted in an improvement in patients’
salivary gland function and QoL, however we could not confirm
superiority of ASC treatment relative to placebo. The study inves-
tigated the potential of MSC treatment and denotes a notable
progress in the field of rehabilitation for individuals who have
undergone radiotherapy for head and neck cancer.

This study aimed to evaluate the impact and safety of allogeneic
ASCs as a treatment for radiation-induced hyposalivation and xer-
ostomia in previous patients with HNC.

Patients and Methods

Trial design

The study was an investigator-initiated, single-centre, randomized,
double-blind, placebo-controlled trial. The study was approved by
the Danish Data Protection Agency (protocol #: P-2020-1164), the
National Ethics Committee (protocol #: 1802872), and the Danish
Medical Agency (EudraCT: 2018-000348-24). The protocol was
registered at the ClinicalTrials.gov database (NCT04776538), and
published (15). The trial was monitored by the Good Clinical Practice
(GCP) unit at the University of Copenhagen. All included patients
provided verbal and written consent in compliance with the Decla-
ration of Helsinki.

Patients

Patients (18-75 years) previously treated with radiotherapy +
chemotherapy for a HNC in Denmark, and with clinically reduced
salivation [unstimulated whole salivary flow rate (UWS): 0.05-0.25
mL/min], were eligible for inclusion. Patients had to have a minimum
of 2 years recurrence-free follow-up. Exclusion criteria comprised
other cancers in the past 4 years, xerogenic medications (Supplemen-
tary S1), penicillin or streptomycin allergy, known SG disease, prior
submandibular gland surgery or stem cells in the SGs, pregnancy,
breastfeeding, or recent history of smoking or alcohol abuse (Supple-
mentary S2).

The study was conducted at the Department of Otorhinolaryngol-
ogy, Head and Neck Surgery and Audiology, Copenhagen University
Hospital - Rigshospitalet (Supplementary S3). Initially, patients under-
went an assessment of their medical history and recieved an ear, nose,
and throat (ENT) examination. Subsequently, the UWS and stimu-
lated whole saliva flow rate (SWS) were evaluated by sialometry
(Supplementary S4). Patient-reported outcomes were evaluated by
two QoL questionnaires: the European Organization for Research and
Treatment of Cancer QoL Questionnaire, Head and Neck Module
(EORTC QLQ-H&N35) and the Xerostomia Questionnaire (XQ;
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Supplementary S5). Blood samples were collected to evaluate the
presence of preformed human leukocyte antigen (HLA) antibodies.
In addition, a pretreatment ultrasound examination of the neck was
performed. Four months following treatment, patients were reassessed
with sialometry, questionnaires, and ultrasound examination. Blood
samples were collected to evaluate the presence of de novo HLA donor-
specific antibodies (DSA). Furthermore, patients underwent an ENT
examination. All adverse events (AE) were continuously monitored
throughout the study, starting from the treatment initiation and
continuing until the final day of the follow-up period. Patients were
provided with the principal investigator’s contact number and
instructed to report any new medical events. In addition, the patients’
medical histories were reviewed during follow-up appointments. This
involved both direct inquiries with the patients and examination of
their medical records. Moreover, in the event of hospitalization, an
automatic notification system alerted the principal investigator.

Interventions

Eligible patients were randomized in a 1:1 ratio to receive ASCs or
placebo. Placebo consisted of CryoStor10 (BiolifeSolutions), the freeze
media for ASCs, containing 10% dimethyl sulfoxide (DMSO). The
ASCs were provided by the Cardiology Stem Cell Centre (CSCC) -
Rigshospitalet. ASCs were isolated from abdominal adipose tissue
from three healthy female donors, according to good manufacturing
practice (GMP) in clean room facilities as described previously (16, 17).
Only one donor’s cells were used in each cell vial. A total of 0.5 mL of
ASCs or placebo was injected without anaesthesia into each subman-
dibular gland, and for the patients receiving ASCs, this corresponded
to a dose of approximately 25 x 10° cells per gland. The injections
were performed ultrasound-guided by a trained investigator, as
described previously (15).

Outcomes

The primary outcome was to assess the impact on UWS, measured
as the change from baseline to the 4 months follow-up visit in patients
receiving ASC relative to placebo.

The secondary outcomes were to assess change in SWS from
baseline to 4 months follow-up in patients receiving ASC compared
with placebo. Further, change in patient-reported xerostomia was
evaluated by the EORTC QLQ-H&N35 and the XQ questionnaires.
The EORTC QLQ-H&N35 was used to measure the impact on dry
mouth, sticky saliva, and swallowing. A high score for both the EORTC
QLQ-H&N35 and the XQ corresponds to an increased symptom
burden.

Safety was evaluated by registration of treatment-related AE, serious
adverse events (SAE), or death. Evaluation of the immune response to
ASC was measured by the development of de novo HLA antibodies
(Supplementary S6).

Sample size and power considerations

On the basis of the results from our previous study (13), we
estimated that after 4 months, the UWS would increase by approx-
imately 33%. Including 100 patients would yield a power of 80% and an
a of 0.05. We included 120 patients to account for a possible 20%
dropout.

Randomization and masking

At the beginning of the trial, a predetermined randomization code
was established for all 120 patients based on their treatment order. To
prevent treatment clustering, randomization was conducted in blocks
of 6, with 3 patients receiving ASCs and 3 receiving placebo. The
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Figure 1.

CONSORT diagram illustrating the trial flow.

allocation sequence was generated by one person at the CSCC -
Rigshospitalet using the website www.randomization.com. The table
containing the randomization numbers was only accessible to that
person. This person was not involved in analyzing the results of the
study.

The sponsor, investigators, research staff (except for staff involved
in treatment preparation and bioanalytical analyses), and patients were
blinded to treatment assignment. The outcome was assessed before the
investigators and outcome assessors were unblinded to the assigned
treatment.

Statistical analysis

A statistical analysis plan was completed before the end of the trial
(Supplementary S7). The analyses were prespecified to correspond to
the intention-to-treat population. Descriptive statistics for categorical
data were reported as number and percentages whereas continuous
data were reported as means and SDs. Continuous outcome measures
were analyzed using ANCOV A models with treatment group as a class
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variable and the baseline value as a continuous covariate (18). Results
are reported for each randomised group asleast square means with SEs,
and the differences between these are reported with 95% confidence
intervals. Safety was descriptively reported. In case of missing data,
a sensitivity analysis was conducted. All 95% confidence intervals and
P values were two-sided. All statistical analyses were performed in
SAS- and R-studio.

Data availability

The data produced in this study are not publicly accessible due to
privacy considerations, however, data are available upon reasonable
request from the corresponding author.

Results

From January 19, 2021 to February 16, 2023, 853 patients were
refered or invited to participate in the project. Of these, 331 patients
were screened at the Department of Otorhinolaryngology, Head and
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Neck Surgery & Audiology, Copenhagen University Hospital, Den-
mark (Fig. 1). A total of 120 patients were included to receive
ultrasound-guided ASCs or placebo injections to each submandibular
gland. All patients were followed for 4 months.

One patient (receiving ASCs) only received treatment to one
submandibular gland and 2 patients receiving ASCs received a smaller
dose; a total amount of 0.93 and 0.84 mL, respectively. Besides this, no
major deviations to the protocol were made (Supplementary S8).
Patients receiving ASCs and placebo had similar baseline clinical
characteristics (Table 1).

The mean age of the included patients was 61 years (range: 43-75
years), with 26.7% female. Majorty of patients were previously treated
for an oropharyngeal cancer (90.0%), and of these 95.4% were p16-

Table 1. Baseline characteristics in the intention-to-treat
population.

ASC Placebo
Characteristics (n=60) (n=60)
Age (years) 61.0 (7.4) 61.8(6.8)
Female, n (%) 19 (32%) 13 (22%)

Performance score (0-1), n (%)
Previous smoking history, n (%)

60 (100%) 60 (100%)

0 pack years 29 (48%) 24 (40%)
1-10 pack years 7 (12%) 6 (10%)
>10 pack years 24 (40%) 30 (50%)
Cancer location, n (%)
Oropharynx 53 (88%) 55 (92%)
Cavum Oris 2 (3%) 0 (0)
Hypopharynx 2 (3%) 0 (0)
Larynx 102%) 102%)
Sinonasal 0 (0%) 0 (0)
Cancer of unknown primary 0 (0%) 1(2%)
Nasopharyx 2 (3%) 3(5.0)
p16 positive in patients with oropharyngeal 51 (96%) 52 (95%)
cancer, n (%)
UICCS8 stage, n (%):
| 17 (28%) 18 (30%)
Il 28 (47%) 26 (43%)
1 10 (17%) 1 (18%)
I\ 4 (7%) 3 (5%)
Duration since radiotherapy to intervention 5.8 (3.9) 5.6 (4.5)
(years)
Mean radiation dose to the right SMG, Gy 53.6 (14.6) 53.0 (15.5)
Mean radiation dose to the left SMG, Gy 51.8 (16.3) 525 (18.2)
Mean radiation dose to the four large salivary 39.9 (7.1)  40.5(8.9)
glands, Gy
Mean radiation dose to the oral cavity, Gy 39.5 (11.4) 39.7 (10.5)
Bilateral radiotherapy, n (%) 42 (70) 47 (78)
Received concurrent chemotherapy, n (%)? 52 (88) 50 (83)
Saliva flow rate (mL/min)
Unstimulated whole saliva flow rate 0.13 (0.05) 0.13 (0.06)
Stimulated whole saliva flow rate 114 (0.59) 0.99 (0.60)
EORTC QLQ-H&N-35 (0-100)
HNDR 81.9 (23.4) 76.3(23.2)
HNSS 55.6 (38.2) 57.1(37.7)
HNSW 33.9 (22.8) 31.8 (19.9)
XQ (0-100) 51.0 (20.5) 47.9 (19.9)

Note: Unless otherwise indicated, estimates are reported as means and SDs.
Abbreviations: Gy, gray; HNDR, domains for dry mouth; HNSS, domains for sticky
saliva; HNSW, domains for swallowing; SMG, submandibular gland.
@Ninety-five patients received cisplatin, 4 patients received paclitaxel, and 3
patients received carboplatin.
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positive. Most patients were diagnosed at UICC8 stage I/II (74.1%),
and most patients had N-site disease at the time of diagnosis (90.0%).
Majority of patients received concurrent chemotherapy (85%) as a
result of locally-advanced disease, extra-nodal extension, or incom-
plete resection.

Salivary gland function

Patients receiving ASCs had an increase in UWS of an average of
0.04 (95% CI,0.02-0.06) mL/min from baseline to 4 months follow-up,
whereas the placebo group had an insignficiant increase of 0.01
(95% CI, —0.007 to 0.036) mL/min (Fig. 2). This corresponded to
an increase of 37.9% (95% CI, 18.06-57.79) for the ASC arm and
20.89% (95% CI, 1.02-40.75) for the placebo arm. We did not detect a
significant increase in SWS in patients receiving ASCs (Supplementary
S9). After ASC therapy, 13 (21.7%) patients acquired a normal saliva
flow rate >0.26 mL/min, with two of these patients having an initially
high baseline UWS of 0.20 to 0.25 mL/min. Among placebo patients, 8
(13.3%) acquired a normal saliva flow rate 20.26 mL/min, with 6
patients having a high baseline UWS of 0.20 to 0.25 mL/min (Sup-
plementary S10). Overall, we did not find a statistically significant
difference between the ASC and placebo groups in SG function
(Table 2).

Health-related QoL

Both the ASC arm and the placebo arm had a statistically
significant improvement in all evaluated domains of the EORTC
QLQ-H&N35 and the XQ questionaires. However, we did not detect
a statistically significant difference between the ASC and the
placebo group (Table 2). In the domains of dry mouth the patients
experienced a decrease in symptom score of 13.6 (95% CI, —19.3 to
-7.9) units compared with a decrease of 7.7 (95% CI, —13.4 to —2.1)
units for the ASC and placebo groups, respectively. In the domains
of sticky saliva the score for the ASC arm decreased with 14.8 (95%
CI, —21.4 to —8.2) units compared with 9.3 (95% CI, —15.9 to —2.6)
units in the placebo arm. In the domains of swallowing, we found a
decrease of 7.9 (95% CI, —11.1 to —4.7) units and 8.0 (95% CI,
—11.2 to —4.8) units in ASC arm and the placebo arm, respectively.
Finally, the summary score of XQ showed a decrease of 5.9 (95% CI,
—9.7 to —2.1) units for the ASC group and 5.1 (95% CI, —8.9 to
—1.3) units for the placebo group.

One patient in the placebo group and two in the ASC group omitted
one baseline question each. These patients were excluded from the
analysis. Further, we evaluated scenarios, considering best and worst-
case outcomes (Supplementary S11). No difference in mean scores
across domains was observed between these outcomes (Supplementary
S12).

Safety

No deaths occurred during the 4-month study period. Three
patients experienced a SAE unrelated to the treatment (2 placebo
patients and 1 ASC patient; Table 3; Supplementary 13). Fifteen
patients experienced AE related to the intervention: 9 patients
(7.5%) had temporary swelling of the submandibular glands, and all
of these patients had received ASCs. The swelling remained for 1 day to
3 weeks, but thereafter, disappeared in all patients. Two patients (1.7%)
had a temporary haematoma after the injections; one received ASCs
and one received placebo. Finally, 1 patient receiving placebo had a
near syncope during the injection. All patients reported that injection
in the submandibular gland was accompanied by pain, which quickly
subsided (within 1-2 minutes) for most patients. However, 3 patients
(2.5%)—2 received ASCs and 1 recieved placebo—had temporary
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soreness of the SGs for 1 to 2 days. No patients developed oral
discomfort or infection related to the injection site. No patients
experienced pareses of the marginal mandibular branch of the facial
nerve.

Five patients receiving ASCs had preexistig HLA class I DSA,
and 19 (31.7%) developed de novo HLA class I DSA (Supplemen-
tary 14). No patients developed de novo antibodies towards HLA
class II. Patients with preformed antibodies against HLA class II
were stationary. None of the patients had any clinical symptoms
indicating immunization.

Additional analysis

A history of smoking was associated with less improvement in UWS
(—0.11; 95% CI, 0.16 to —0.06). A higher mean radiation dose to the
four major SGs was accompanied with less increase in UWS [per
increase in Gy: —0.007 (—0.011 to —0.003)]. Patients who developed

DSA tended to have a lower increase in saliva production, with a mean
UWS increase of 15.6 (95% CI, —27.8% to 59.0%) compared with the
patients without DSA, who improved in UWS by 50.2 (95% CI, 20.7%—
79.7%).

Discussion

This study is the largest human clinical trial investigating stem/stro-
mal cell treatment for xerostomia. The study is an investigator-initiated,
randomized, placebo-controlled, double-blinded, phase II clinical trial,
including a total of 120 patients previously treated with (chemo-)
radiotherapy for HNC. In the ASC arm, we found a statistically
“significant” increase in UWS after 4 months of 38%, whereas in the
placebo arm there was a statistically “insignificant” increase of 21%. We
did not detect a statistically significant difference between the two groups
[difference in change of 0.03 (95% CI, —0.005 to 0.06 mL/min)].

Table 2. Changes in outcomes at the main trial end point (4 months from baseline).

Difference between

ASC Placebo groups
(n = 60) (n = 60) (95% CI) P value
Primary endpoint
Unstimulated saliva flow rate (mL/min) 0.04 (0.01) 0.01 (0.01) 0.03 (—0.01 to 0.06) 0N
Unstimulated saliva flow rate (%) 37.92 (10.03) 20.89 (10.03) 17.03 (-11.09 to 45.16) 0.23
Key secondary endpoints
Stimulated saliva flow rate (mL/min) 0.07 (0.40) 0.12 (0.29) —0.05 (—0.18 to 0.08) 0.42
Stimulated saliva flow rate (%) 10.75 (41.98) 17.23 (36.40) —4.19 (—18.23 to 9.85) 0.56
EORCT QLQ-H&N35 (score 0-100)
HNDR —13.60 (2.87) —7.74 (2.85) 5.86 (—2.17 to 13.90) 0.15
HNSS —14.78 (3.34) —9.26 (3.37) 5.52 (—3.87 to 14.91) 0.25
HNSW —7.93 (1.62) —8.02 (1.61) —0.09 (—4.61t0 4.43) 0.97
XQ-summary score (0-100) —5.90 (1.90) —5.12 (1.91) 0.78 (—4.56 to 6.13) 0.77

Note: Unless otherwise indicated, estimates are reported as least square means and SE. Continuous outcome measures (change from baseline) was analyzed using
ANCOVA with randomized treatment group as a class variable and the baseline value as a continuous covariate.
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Table 3. Safety and harm profile.

Placebo
ASC group group

Adverse events (n =60) (n = 60)
Deaths, n (%) 0 0
SAEs, n (%) 1(2%)? 2 (3%)°
AEs related to the injection, n (%) 12 (20%) 3 (5%)
Donor specific antibodies

De novo, n (%) 19 (32%) NA

Preformed, n (%) 5 (9%) NA

@None related to treatment.

For both the ASCs and placebo-treated patients, we found a
decrease in symptoms of dry mouth, sticky saliva, difficulty swal-
lowing, and in the XQ score. Previous studies have indicated that a
change of 10 units in patient-reported outcomes holds clinical
significance (19). In the case of patients with ASC, we observed
reductions exceeding 10 units in the domains of dry mouth (—13.6
units) and sticky saliva (—14.8 units). However, none of the
domains exhibited reductions beyond 10 units among placebo
patients. Despite this, no statistically significant difference was
detected between the two groups.

In accordance with previous studies, we did not observe any
treatment-related SAE after ASC therapy (13, 14). Approximately
31% of patients developed HLA class I DSA. Our results indicate
that patients who acquired DSA may have lesser clinical benefit
from ASC therapy than patients who did not develop DSA. ASCs
have previously been characterized as hypoimmunogenic as they do
not express HLA class II (20). We did not detect any HLA class II
DSA.

The principal strength of this study is that it is, to date, the largest
clinical trial investigating intraglandular ASC therapy in humans. In
addition, no patients were lost to follow-up. Futhermore, our study
recruited patients from all across Denmark, enhancing its overall
applicability and generalizability, because individuals from both
urban and rural settings were included. Despite being the largest
trial to date, it is important to note that some subgroups were small,
such as those who develop DSA, resulting in imprecise effect
estimates. Hence, additional research is needed before these sub-
group results can be generalized. Further, a limitation of the study is
the single-center design. A multicenter study with a larger patient
cohort could strengthen the power of the study and potentially
clarify findings. In addition, the 4-month follow-up duration limits
conclusive remarks on long-term effects. Consequently, the next-
phase necessitates further studies with an extended follow-up
period to address these limitations. A follow-up study is planned
to accommodate these parameters.

In our previous study, placebo consisted of isotonic NaCl supple-
mented with 1% human albumin (13). In this study, placebo consisted
of CryoStorl0 (BiolifeSolutions) supplemented with 10% DMSO.
DMSO may act anti-inflammatory and can be a therapeutic agent in
several diseases (21, 22). Although the therapeutic impact of DMSO on
salivary function has not been explored, our results imply that DMSO
might have an influence on xerostomia as we observed a trend towards
an increase in salivary flow rate. However, it is important to stress that
the percent increase in UWS following placebo injections has a fairly
wide CI (95% CI, 1.02%-40.75%).
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We demonstrated that mean radiation dose and a previous smoking
history affected the improvement in SG function following ASC
treatment. To maximize the effects of ASC therapy, repeated treat-
ments could be given to patients who, after initial ASC therapy, have
not yet developed normal SG function.

We specifically included patients with a 2-year recurrence-free
survival to account for a potential regenerative effect on the SGs
over time. This criterion was implemented to mitigate any potential
impact on the results of time from radiotherapy on the results, as
previous research has demonstrated that SG function stabilizes after
a period of 1 to 2 years following radiotherapy (23). However, the
most significant decrease in salivation occurs from the initiation of
radiotherapy to 3 months after its completion (24). Because of
radiotherapy-induced hyposalivation, many radiotherapy-treated
patients with HNC later develop dental caries and oral infections.
Radiation-induced xerostomia has a prominent impact on QoL and
is associated with psychological distress and the development of
depression in patients with HNC, especially in the first year after
treatment (5, 25, 26). To mitigate the impact of hyposalivation-
related issues, future studies could explore early ASC treatment,
ideally within 2 months after their initial treatment, to limit later
damage to the teeth and oral cavity, and to limit the amount of post-
radiotherapy fibrosis.

There is great individual variability in salivary flow rates, and the
flow rate is affected by several factors including age, sex, comorbid-
ities, and medication (27). Today, normal saliva flow rate is defined
as an UWS between 0.3 to 0.5 mL/min. Following this, we estab-
lished the study inclusion criteria to only include patients with an
UWS below 0.25 mL/min. During the screening phase, we excluded
several patients who reported experiencing xerostomia, which
significantly affected their QoL, as their UWS levels were slightly
outside the predefined reference range for inclusion. It has been
recommended that a 50% reduction in flow should be considered
indicative of hyposalivation (28). For future studies, we suggest
assessing salivary function before and after radiotherapy, and using
a 50% reduction as a definition for hyposalivation to improve
patient recruitment.

In conclusion, our study provides the first results of a randomized,
placebo-controlled, double-blinded, phase II clinical trial on allogenic
ASC therapy for radiation-induced xerostomia and hyposalivation in
previous patients with HNC. After 4 months, we observed a statisti-
cally significant increase in salivary flow rates for the ASC arm and an
insignificant increase in the placebo arm. There was no statistically
significant difference between the two groups. In addition, we con-
firmed the safety of ASC treatment. We recommend that the potential
effect of intraglandular ASC therapy should be evaluated in a phase III,
multicenter study.

Authors’ Disclosures

J. Kastrup reports nonfinancial support from Cell2Cure ApS during the conduct of
the study, as well as nonfinancial support from Cell2Cure ApS outside the submitted
work. J. Kastrup has a patent for WO 2017/068140 Al issued, and holds a patent
application for the investigated stem cell product in “stem cell therapy based on
adipose-derived stem cells” (WO2017068140), which is owned by Rigshospitalet and
the Capital Region of Denmark. A. Ekblond reports a patent for EP3365432A1 issued
and licensed to Cell2Cure. M. Haack-Serensen reports a patent for “stem cell therapy
based on adipose-derived stem cells” (WO 2017-068140) issued. C.D. Lynggaard
reports a patent for “stem cell therapy for patients with salivary gland dysfunction”
(PCT/EP2020/053878) pending. C. Gronhej reports a patent for “stem cell therapy for
patients with salivary gland dysfunction” pending (PCT/EP2020/053878). No dis-
closures were reported by the other authors.

Clin Cancer Res; 30(10) May 15, 2024

2083



Jakobsen et al.

Authors’ Contributions

K.K. Jakobsen: Conceptualization, resources, data curation, formal analysis,
funding acquisition, validation, investigation, visualization, methodology, writing—
original draft, project administration. A.-L.F. Carlander: Data curation, funding
acquisition, validation, investigation, methodology. T. Todsen: Supervision, valida-
tion, methodology, writing-review and editing. J. Melchiors: Supervision, validation,
writing-review and editing. N. Paaske: Data curation, methodology, project admin-
istration, writing-review and editing. A.K. Ostergaard Madsen: Data curation,
methodology, writing-review and editing. S. Kloch Bendtsen: Data curation,
writing-review and editing. C. Mordhorst: Data curation, writing-review and
editing. H. Stampe: Data curation, writing-review and editing. J. Kastrup: Concep-
tualization, supervision, validation, methodology, writing-review and editing.
A. Ekblond: Conceptualization, writing-review and editing. M. Haack-Serensen:
Conceptualization, writing-review and editing. M. Farhadi: Data curation, writing-
review and editing. C. Maare: Data curation, writing-review and editing. J. Friborg:
Data curation, supervision, writing-review and editing. C.D. Lynggaard: Concep-
tualization, methodology, writing-review and editing. A. Werner Hauge: Data
curation, writing-review and editing. R. Christensen: Formal analysis, supervision,

References

1. SungH, FerlayJ, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin 2021;71:209-49.

2. Jasmer KJ, Gilman KE, Forti KM, Weisman GA, Limesand KH. Radiation-
induced salivary gland dysfunction: mechanisms, therapeutics and future direc-
tions. J Clin Med 2020;9:1-37.

3. Schulz RE, Bonzanini LIL, Ortigara GB, Soldera EB, Danesi CC, Antoniazzi RP,
etal. Prevalence of hyposalivation and associated factors in survivors of head and
neck cancer treated with radiotherapy. J Appl Oral Sci 2021;29:1-10.

4. Jensen AB, Hansen O, Jorgensen K, Bastholt L. Influence of late side-effects upon
daily life after radiotherapy for laryngeal and pharyngeal cancer. Acta Oncol
1994;33:487-91.

5. Hexbroe Michaelsen S, Grenhej C, Heoxbroe Michaelsen J, Friborg J, von
Buchwald C. Quality of life in survivors of oropharyngeal cancer: a systematic
review and meta—analysis of 1366 patients. Eur ] Cancer 2017;78:91-102.

6. Vissink A, Burlage FR, Spijkervet FKL, Jansma J, Coppes RP. Prevention and
treatment of the consequences of head and neck radiotherapy. Crit Rev Oral Biol
Med 2003;14:213-25.

7. Jensen SB, Pedersen AML, Vissink A, Andersen E, Brown CG, Davies AN, etal. A
systematic review of salivary gland hypofunction and xerostomia induced by
cancer therapies: management strategies and economic impact. Support Care
Cancer 2010;18:1061-79.

8. Jaguar GC, Prado JD, Campanha D, Alves FA. Clinical features and preventive
therapies of radiation-induced xerostomia in head and neck cancer patient: a
literature review. Appl Cancer Res 2017;37:1-8.

9. Von Bahr L, Batsis I, Moll G, Higg M, Szakos A, Sundberg B, et al. Analysis of
tissues following mesenchymal stromal cell therapy in humans indicates limited
long-term engraftment and no ectopic tissue formation. Stem Cells 2012;30:
1575-8.

10. Gebler A, Zabel O, Seliger B. The immunomodulatory capacity of mesenchymal
stem cells. Trends Mol Med 2012;18:128-34.

11. Weiss ARR, Dahlke MH. Immunomodulation by mesenchymal stem cells
(MSCs): mechanisms of action of living, apoptotic, and dead MSCs
Front Immunol 2019;10:1191.

12. Singer NG, Caplan Al Mesenchymal stem cells: mechanisms of inflammation.
Annu Rev Pathol Mech Dis 2011;6:457-78.

13. Gronhoj C, Jensen DH, Vester-Glowinski P, Jensen SB, Bardow A, Oliveri RS,
et al. Safety and efficacy of mesenchymal stem cells for radiation-induced
xerostomia: a randomized, placebo-controlled phase 1/2 trial (MESRIX). Int J
Radiat Oncol Biol Phys 2018;101:581-92.

14. Lynggaard CD, Grenhgj C, Christensen R, Fischer-Nielsen A, Melchiors J,
Specht L, et al. Intraglandular off-the-shelf allogeneic mesenchymal stem cell
treatment in patients with radiation-induced xerostomia: a safety study (MES-
RIX-II). Stem Cells Transl Med 2022;11:478-89.

2084 Clin Cancer Res; 30(10) May 15, 2024

writing-review and editing. C. Grenhgj: Conceptualization, resources, supervision,
funding acquisition, validation, investigation, methodology, writing-review and
editing. C. von Buchwald: Conceptualization, resources, supervision, funding acqui-
sition, validation, investigation, methodology, writing-review and editing.

Acknowledgments

The study received funding from the nonprofit Candys Foundation (Grant # 2020
352) and Copenhagen University Hospital - Rigshospitalet (no grant number).
Section for Biostatistics and Evidence-Based Research, the Parker Institute, is
supported by a core grant from the Oak Foundation (OCAY-18-774-OFIL).

Note

Supplementary data for this article are available at Clinical Cancer Research Online
(http://clincancerres.aacrjournals.org/).

Received November 24, 2023; revised January 11, 2024; accepted March 1, 2024;
published first March 5, 2024.

15. Jakobsen KK, Carlander A-LF, Grenhgj C, Todsen T, Melchiors J, Paaske N, et al.
Effectiveness and safety of mesenchymal stem/stromal cell for radiation-induced
hyposalivation and xerostomia in previous head and neck cancer patients
(MESRIX-III): a study protocol for a single-centre, double-blinded, randomised,
placebo-controlled, phase II study. Trials 2023;24:567.

16. Haack-Serensen M, Johansen EM, Hojgaard LD, Kastrup J, Ekblond A. GMP
compliant production of a cryopreserved adipose-derived stromal cell product
for feasible and allogeneic clinical use. Stem Cells Int 2022;2022:4664917.

17. Kastrup J, Haack-Serensen M, Juhl M, Harary Sendergaard R, Follin B, Drozd
Lund L, et al. Cryopreserved off-the-shelf allogeneic adipose-derived stromal
cells for therapy in patients with ischemic heart disease and heart failure—a
safety study. Stem Cells Transl Med 2017;6:1963-71.

18. Vickers AJ, Altman DG. Analysing controlled trials with baseline and follow up
measurements. BMJ 2001;323:1123-4.

19. Musoro JZ, Coens C, Sprangers MAG, Brandberg Y, Groenvold M, Flechtner
HH, et al. Minimally important differences for interpreting EORTC QLQ-C30
change scores over time: a synthesis across 21 clinical trials involving nine
different cancer types. Eur ] Cancer 2023;188:171-82.

20. Berglund AK, Fortier LA, Antczak DF, Schnabel LV. Immunoprivileged no
more: measuring the immunogenicity of allogeneic adult mesenchymal stem
cells. Stem Cell Res Ther 2017;8:1-7.

21. Huang SH, Wu CH, Chen SJ, Sytwu HK, Lin GJ. Inmunomodulatory effects and
potential clinical applications of dimethyl sulfoxide. Immunobiology 2020;225:
151906.

22. Hoang C, Nguyen AK, Nguyen TQ, Fang W, Han B, Hoang BX, et al. Application
of dimethyl sulfoxide as a therapeutic agent and drug vehicle for eye diseases.
J Ocul Pharmacol Ther 2021;37:441-51.

23. Jensen SB, Pedersen AML, Vissink A, Andersen E, Brown CG, Davies AN, etal. A
systematic review of salivary gland hypofunction and xerostomia induced by
cancer therapies: Prevalence, severity and impact on quality of life. Support Care
Cancer 2010;18:1039-60.

24. Pinna R, Campus G, Cumbo E, Mura I, Milia E. Xerostomia induced by
radiotherapy: an overview of the physiopathology, clinical evidence, and man-
agement of the oral damage Ther Clin Risk Manag 2015;11:171-88.

25. Moubayed SP, Sampalis JS, Ayad T, Guertin L, Bissada E, Gologan OE, et al.
Predicting depression and quality of life among long-term head and neck cancer
survivors. Otolaryngol Head Neck Surg 2015;152:91-7.

26. Nguyen NP, Frank C, Moltz CC, Vos P, Smith HJ, Karlsson U, et al. Impact of
dysphagia on quality of life after treatment of head-and-neck cancer. Int ] Radiat
Oncol Biol Phys 2005;61:772-8.

27. Villa A, Connell CL, Abati S. Diagnosis and management of xerostomia and
hyposalivation. Ther Clin Risk Manag 2014;11:45-51.

28. Humphrey SP, Williamson RT. A review of saliva: normal composition, flow, and
function. J Prosthet Dent 2001;85:162-9.

CLINICAL CANCER RESEARCH




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


