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Abstract

Radiotherapy (RT) continues to play a key role in the management of head and neck cancer
(HNC). Xerostomia remains a principal detriment to the quality of life (QoL) for 80% of surviving
patients receiving head and neck radiation. Radiation-induced injury to the salivary glands is
dose-dependent, and thus efforts have been focused on decreasing radiation to the salivary
glands. Decreased saliva production reduces both short-term and long-term quality of life in head
and neck survivors by altering taste and contributing to dysphagia. Several radioprotective agents
to the salivary gland have been investigated. Surgical transfer of the submandibular gland prior
to RT is the mainstay of surgical options in preventing xerostomia. This review focuses on the

strategies to improve xerostomia following radiation therapy in head and neck cancers.
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Radiotherapy (RT) in combination with either surgery or chemotherapy plays a key role in
the management of head and neck cancer (HNC). Up to 40% of patients with early-stage disease
are amenable to curative intent treatment with surgery or RT, either in definitive or adjuvant
settings.! The specialty of radiotherapy continues to evolve to provide patients with better
outcomes and reduced complications. However, patients still experience radiation-induced
sequelae, the most common of which is reduced saliva production, or xerostomia.

Some degree of xerostomia affects approximately 80% of patients who receive radiation
therapy to the head and neck.? Subjective feelings of xerostomia are a result of reduced
unstimulated saliva from the submandibular glands.®# Further, the minor salivary glands produce
up to 70% of the total mucin secreted.? During the first week of RT, a 50% to 60% decrease in
salivary flow occurs. After 7 weeks of conventional RT, the salivary flow of affected glands
diminishes to approximately 20%.° Salivary function continues to decline for up to several months
after RT.! Although some regeneration occurs following therapy, a degree of chronic dry mouth
remains a significant challenge for majority of HNC survivors. Decreased saliva production may
also further worsen the quality of life of survivors by reducing the sensation of taste and making
mastication of food uncomfortable or even painful.® The reduction in salivary flow in HNC survivors
further increases the risk of dental caries and mucosal fissures.! In addition to decreased QolL,
patients with radiation-induced xerostomia may also experience significant economic burdens
due to the need for oral and dental treatments and possibly dentures or implants, which are out-
of-pocket expenses in most countries.’ Therefore, given the significance of the problem, there has
been considerable clinical research in to strategies to reduce xerostomia in HNC patients.
Several measures have been investigated for their role in prevention and treatment of xerostomia.
These include pharmacologics like pilocarpine, amifostine, non-pharmacologic strategies like
acupuncture, neural stimulation, hyperbaric oxygen and surgical options namely salivary gland

transfer. This review will focus on current strategies for the reduction of xerostomia in HNC
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survivors, including preventative surgical and non-surgical techniques, clinical management of
xerostomia and future directions.

Minimizing radiation dose to the salivary glands

The development of intensity modulated radiation therapy (IMRT) has been a major
advance in the practice of radiation oncology. IMRT became fairly common practice in most high-
income countries in the early 2000s. Prior to this, patients were frequently treated with parallel
opposed photon fields with no ability to separate radiation dose from the tumour and the normal
tissues within that radiation field. IMRT allows for the radiation dose to conform more precisely to
the three-dimensional shape of the tumor by modulating—or controlling—the intensity of the
radiation beam in multiple small volumes. Consequently, there is now the ability to conform the
radiation dose around the tumor and avoid nearby structures such as the parotid and
submandibular salivary glands, minimizing the dose to uninvolved local tissue.®® The precise
design of treatment fields to incorporate the target volume while avoiding organs at risk (OARS)
can be achieved using modern imaging. Pioneers in this area include Eisbruch et al, who
contoured the parotid and submandibular glands, and the oral cavity (a surrogate for lingual
salivary tissue), to allow radiation dose avoidance to these structures.? They were able to
demonstrate in small prospective studies a correlation with radiation dose and the severity of
xerostomia using both objective (measuring salivary flow) and subjective (patient reported
xerostomia questionnaires) measures. There have also been 3 randomized controlled trials in
HNC comparing IMRT and 2D radiotherapy (parallel opposed photon fields) showing a significant
reduction in xerostomia in patients treated with IMRT. These studies and the work by Bentzen et
al on the quantitative analyses of normal tissue effects in the clinic (QUANTEC), have resulted in
standard dose constraints commonly used for HNC IMRT, namely a mean dose of less than 26Gy
for a parotid gland and a mean dose of less than 39Gy for a submandibular gland.° Delivering
adequate radiation dose to the tumor volumes always take priority over the dose to salivary

tissues in radiotherapy planning. Clinically it can be difficult to spare parotid glands when in close
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proximity to tonsillar cancers and/or nodal disease. Similarly, submandibular glands are more
difficult to spare in base of tongue cancers or where there is level 1 nodal disease.

IMRT using Protons, or IMPT

In comparison to photon therapy, proton beam therapy (PBT) is another form of external
beam radiotherapy that creates a limited high-dose volume to the target site with steeper dose
gradients. Protons, positively charged particles, deposit energy in tissue at a certain depth by
virtue of a phenomenon called the Bragg peak (Figure 1). This means that protons deposit
radiation dose mainly at depth, with a very rapid fall off in dose compared to photons. Thus, proton
therapy (PT) offers the possibility of delivering high dose to the target volume with much less dose
to adjacent OARs compared to photons.!! Preclinical and dosimetric studies comparing IMPT to
IMRT have consistently demonstrated significant reductions of OAR dose, suggesting IMPT has
the potential to decrease acute and long-term toxicities.? PBT has grown tremendously in the
past few years for the treatment of HNC. However, its utilization has been limited due to cost and
its limited availability.'®* Further, lack of randomized controlled trials (RCT) comparing the
improved efficacy of PBT over IMRT has precluded the use of PBT as standard of care. Despite
these advancements, however, complications like xerostomia remain a principal detriment to the
quality of life (QoL) in HNC survivors.?

Pharmacologic Strategies

Pharmacologic agents that reduce the severity of radiation-induced xerostomia have been
described. Traditional use of mucosal lubricants, sialagogues, and salivary substitutes for short-
term improvement of xerostomia are commonly recommended to HNC patients undergoing RT.
Theoretically, the ease of accessibility and low-risk profile are attractive features of these agents
as first-line treatment and are used both during and after completion of therapy. Oral pilocarpine,
a muscarinic agonist, has been used as treatment for xerostomia after radiotherapy. In a
prospective study, oral pilocarpine significantly improved the QoL of 77% of HNC patients, with

67% reporting significant relief of symptoms at 12 weeks .1* Controversy exists regarding whether
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pilocarpine is beneficial when administered during radiotherapy by providing a protective effect
on salivary gland function. One study demonstrated that the use of 5 mg oral pilocarpine four
times daily, beginning on the first day of RT and continuing for 3 months after completion, was
associated with significantly less xerostomia in patients who received at least 45 Gy to both
parotid glands.'®> However, several randomized controlled trials (RCT) have found no statistically
significant difference in xerostomia between patients treated with oral pilocarpine or placebo given
during radiotherapy.®18 Further, most of these RCTs reported relatively higher rates of adverse
effects in patients receiving pilocarpine. These included reactions secondary to cholinergic
stimulation leading to varying degrees of vasodilation, bradycardia, and bronchospasm.®*° 9% of
patients prematurely withdrew from these RCTs due to adverse effects.’* A Cochrane review
published in 2015 concluded that the efficacy of pilocarpine was limited. 2°

Pharmacoloqic preventive strategies

Several preventative agents have been investigated as radioprotectors of salivary gland
tissue. Amifostine, a radical scavenger resides in high concentrations within salivary glands.
When given during and after radiotherapy amifostine has been reported to reduce xerostomia. In
an RCT, Jellema et al demonstrated decreased severity of xerostomia in patients treated with
amifostine during RT 6 months after radiotherapy. Patients were divided into 3 groups — 30
patients did not receive amifostine, 31 received 200 mg/m? 3 times a week and 30 received 200
mg/m? 5 times a week. There was a significant difference in Grade 2 or greater late xerostomia
at 6 months between the three groups (74%, 67%, 52% respectively, P = 0.03). However, this
difference was not significant after 6 months.?* A more recent randomized controlled trial (RCT)
on 44 patients who received amifostine or placebo before standard radiotherapy demonstrated
no significant difference in acute or late xerostomia.?? A review of eleven studies involving
amifostine determine that, although there seemed to be an overall benefit in reducing the risk of
xerostomia, toxicity was noted in close to half of the patients treated.?® With its challenging side-

effect profile, the debate on Amifostine and its overall benefit in HNC patients continues.”?* A
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2017 Cochrane analysis by Riley et al., showed that amifostine, when compared to placebo,
reduced the risk of moderate to severe xerostomia (Grade 2 or higher) at the end of radiotherapy
(risk ratio (RR) 0.35, 95% confidence interval (Cl) 0.19 to 0.67; P = 0.001, 119 participants), and
up to 3 months after radiotherapy (RR 0.66, 95% CI 0.48 to 0.92; P = 0.01, 687 participants), but
the effect was not statistically significant at 12 months after radiotherapy (RR 0.70, 95% CI 0.40
to 1.23; P = 0.21, 682 participants).?®

A similar agent, stable-free radical Tempol (4-hydroxy-2,2,6,6-tetramethylpiperidine-
N-oxyl) has demonstrated radioprotective benefits in animal models and may warrant further
investigation in clinical trials. Acting as a stable nitroxide, it shows promise with the potential for
fewer side effects than amifostine.?6?” Several other agents have been studied in animal models,
including insulin growth factor-1 (IGF-1), keratinocyte growth factor (KGF), and locally
administered adenovirus vectors encoding growth factors, ’

Pharmacologic Treatment Strategies

Interestingly, a study in rats using intraglandular application of botulinum toxin prior to
RT demonstrated significant reduction in radiation-induced toxicity to the granular tissue.?® Safety
and efficacy of Botulinum toxin has been studied in a Phase 1 clinical trial to preserve gland
function following radiotherapy.?® Botulinum toxin was injected in the submandibular glands prior
to radiotherapy in the treatment group. There was no significant difference in the treatment group
compared to the placebo group. Other animal studies have supported the role of botulinum toxin
injections in reducing hyposalivation.*® However, these results need to be validated in clinical
trials.
Additionally, products including xylitol are recommended to be used continuously as they
have been shown to increase saliva production and thus help to prevent caries formation. They
increase saliva pH and improve the buffer capacity of saliva.®!

Salivary substitutes
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Saliva substitutes have been studied with varying degree of benefit in xerostomia.*?
Several artificial saliva substitutes have been marketed including BioXtra (BX) and Biotene-
Oralbalance (BO). BioXtra is a synthetic saliva containing the components lactoferrin, lysozyme
and lactoperoxidase.® These substitutes are used as a moisturizing gel, mouth spray, toothpaste
or mouthwash. Dirix et al., reported results of 3 questionnaires administered before and 4 weeks
after treatment with BioXtra in patients with xerostomia. Patients reported significant benefit and
reduction of symptoms of xerostomia. QoL scores improved significantly from a mean of 59.4
increasing to 70.5 (p<0.001).%* In a recent systematic review, Assery et al. concluded that artificial
saliva substitutes do reduce the symptoms of xerostomia. Unfortunately, the benefits are variable,
and concluded that the type of substitute used should be based on the patient's needs and
concerns.*?

Surgical Preventive Strategies

Surgical transfer of the submandibular gland prior to radiation has been studied in the
prevention of radiation-induced xerostomia. First described by Jha et al. in 2000, the procedure
involves repositioning the submandibular gland to the submental space to protect the gland from
the radiation field.® The procedure, also known as the Seikaly and Jha method, has been noted
to have low risks, with the most common complications being ipsilateral facial edema (13.6%),
cutaneous numbness (6.8%), and hypoglossal or lingual nerve injury (2.5%).2 Successful
transfer of the gland depends on proximal ligation and division of the facial artery, as the gland
remains vascularized by retrograde flow from the facial artery which must be confirmed after
clamping and before cutting the proximal facial artery. If there is no retrograde flow, the transfer
is abandoned. The anterior belly of the digastric is released from the underlying structures and
the mylohyoid is bisected. This allows the gland to be repositioned in the submental space under
the anterior belly of the digastric and secured with absorbable sutures.*® The transfer should be
conducted on the contralateral side of the primary cancer as long as the contralateral side of the

neck is without nodal disease.
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In a meta-analysis of 177 patients spanning 7 studies, Sood et al. reported significantly
higher unstimulated and stimulated salivary flow rates, 12 months after completion of RT in
patients with submandibular gland transfer compared to the control. The mean salivary rates
were as high as 73% versus 27% in preserved and unpreserved salivary glands, respectively
(p<0.0001).®” They concluded that salivary gland transfer appeared to be highly effective in
preventing xerostomia. Wu et al. demonstrated similar findings in a meta-analysis of 369
patients.® Jha et al. reported results of RTOG 0244, a multi-center study where submandibular
gland transfer technique was noted to be within acceptable variation in nearly 80% of patients,
supporting reproducibility of the procedure between instiutions.®> The authors successfully
prevented 74% of patients from XRT-induced acute xerostomia, which is congruent with the
established literature on submandibular salivary gland transfer.2*4° However, submandibular
transfer has not become standard of care despite these favorable results.

In 2020, Murray et al. reported outcomes of a modified technique of submandibular gland
transfer that was first described by Marzouki et al. in 2016. 442 The University of Washington
Quiality-of-Life (UW-QOL) questionnaire was used, and the authors reported that 65% of patients
rated their salivary flow as normal or mildly reduced compared to only 16% in the control group.
(p=0.01).* Chang et al. reported a modification of the technique for submandibular gland transfer,
wherein they preserved the ipsilateral facial vessels resulting in minimal post-operative swelling
of the transferred area. At 24.5 months, the incidence of moderate to severe xerostomia was
16.7% as the transferred SMG received significantly lower radiation dose than the SMG on the
involved neck (30.86 Gy versus 63.02 Gy, respectively, p < 0.001).3

Whether regional recurrence on the side of the transferred gland is higher due to occult
cancer cells being left behind is controversial. However, a review of three studies assessing the
rate of regional or local recurrences determined no significant difference between the transfer and
the control groups, with no significant difference in survival rates.® In a meta-analysis by Wu et

al., 31% of the patients in the salivary gland transfer group presented with acute post-radiation



Nathan, 11

xerostomia and 19% patients had late onset xerostomia, a marked improvement from over 60%
of patients without SGT who develop xerostomia post-treatment.*® Joshi and colleagues studied
the oncologic feasibility of preserving the submandibular gland during neck dissections for oral
cavity SCC.* The findings from 555 neck dissections determined that the submandibular gland
itself was involved in only 2 (0.36%) cases, although 95 necks were positive for metastasis at
Level 1B. Several studies have reported a similarly low incidence of submandibular gland
involvement in different sub-sites of the oral cavity with the highest incidence being in the floor of
mouth (2.6%-11.3%).45%® Markey et al compared the degree of xerostomia in patients who
underwent submandibular gland preservation during level IB node dissection. They observed no
differences between the control and experimental groups with regards to reduction of xerostomia.
Overall, submandibular gland transfer remains a new technique that has not been widely adopted
amongst the community. Its applicability remains limited, due to the fact that the gland transfer is
only relevant when the planned post-operative radiotherapy volumes are largely unilateral.
Additionally, there remains insufficient data in support of preservation of the submandibular gland
in patients with positive lymph nodes, locally advanced cancers with high-risk features, patients
who have received radiotherapy in the past, atrophic glands, or in patients with sialadenitis.**

Non-pharmacologic methods in treating xerostomia

Acupuncture

Non-pharmacological treatments exist with mixed results for radiation-induced xerostomia.
Stimulation of the residual salivary gland tissue after RT through the practice of acupuncture has
been shown to alleviate the symptoms of dry mouth in some patients.” Blom et al demonstrated
a significant improvement in unstimulated and stimulated salivary flow rates in xerostomia of
several etiologies including RT, after 24 acupuncture treatments. These effects lasted for 6
months and the authors demonstrated a sustained benefit for up to 3 years after additional
treatment.*® Despite no significant difference in whole salivary flow rates between acupuncture

and placebo treatment, Cho et al reported significantly improved unstimulated flow rates along
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with an improved subjective sensation of xerostomia in irradiated HNC patients.*° In contrast, a
Cochrane review demonstrated that, despite a small increase in salivary production, there was
insufficient evidence supporting the use of acupuncture in significantly improving xerostomia.*!
A systematic review conducted subsequently also reported that there was insufficient evidence
to support the use of acupuncture in xerostomia patients.>?

Electrical nerve stimulation

Electrical nerve stimulation, either placed intra-orally or transcutaneously, has also been
tested in palliation of xerostomia, with minimal risk.” Lakshman et al noted improved salivary flow
rates in patients who received TENS therapy over their parotid glands while undergoing RT.53
Though not focused on radiation-induced xerostomia, a study enrolling 114 xerostomia patients
from 13 countries used an intra-oral device that electrically stimulated the oral mucosa in the
proximity of the lingual nerve. There was some alleviation of xerostomia after 5 months of active
use, though with mixed results and poor patient adherence.* Finally, Wong et al showed that
electrical nerve stimulation was as effective as pilocarpine with fewer adverse events, along with
a higher response rate after 15 months. Unfortunately, the study had low statistical power.>®

Hyperbaric oxygen (HBO)

The role of Hyperbaric oxygen therapy (HBO) in xerostomia has been controversial. The
benefits of improving salivary flow rates and reducing subjective symptoms of xerostomia are
demonstrated in several studies of irradiated HNC patients who underwent multiple treatments of
HBO. It is hypothesized that increased vascularity and stem cell mobilization improves salivary
gland function.®®-*® Three studies, including one RCT, further reported significant improvement of
QoL in patients undergoing HBO for xerostomia.®®*® The benefit that patients appear to have
needs to be supported with further studies aimed at long-term follow-up and especially with
studies looking at locoregional control rates in these patients following HBO.

Role of Intraoral stents
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Intraoral stents are personalized intraoral devices worn during radiation therapy to
reduce irradiation to adjacent normal tissues. These stents keep the mouth open to maintain a
stable and reproducible position of the mandible thus sparing normal surrounding organs at risk
(OAR). Goel et al. (RTOG 045) reported a significantly lower incidence of xerostomia (p=0.06) in
patients who wore the positioning stent compared to the control group at 60 days following
radiation therapy. The authors hypothesized that the benefit of these stents was primarily from
exclusion of the maxilla and parotid glands from the radiation field.®° A recent systematic review
by Chen et al in 2020 on 5 studies included in the analysis concluded that the evidence is weak
regarding the efficacy of stents in preventing xerostomia and there is a need for more long-term
prospective studies to recommend stents as standard of care.®*

Future Directions

Stem cell transplant

Stem-cell based approaches for treating xerostomia have shown some encouraging
results in preclinical studies. Differentiation of stem cells into functioning salivary gland cells have
been studied.®?%® Mesenchymal stem/stromal cells are a rich source of stem cells which are
typically harvested from the bone marrow, adipose tissue or umbilical cord blood.5455 Until
recently, most of the studies were limited to regeneration of salivary gland cells in animal
models.®® Lynggard et al. investigated the safety of autologous adipose tissue-derived
mesenchymal stem/stromal cell (ASC) injections into the submandibular glands to reduce
radiation-induced xerostomia at 2 years. Although the sample size was only 15 patients in each
of the treatment and placebo groups, the unstimulated saliva flow rate increased in the treatment
group. (p=0.051). Safety data reported no treatment related serious adverse effects (SAE).
However, a larger RCT is warranted to confirm these results.®” Pringle and colleagues
successfully cultured human submandibular gland cells using a xenograft model thus

underpinning the promise of its potential role in xerostomia patients.®®

Gene therapy
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Gene therapy using Human Aquaporin-1 (hAQP-1) gene transfer and human
neurotrophic factor neurturin (CERE-120) have been studied to increase salivary flow following
radiation therapy or in preventive settings.%®’° These effects have persisted close to 5 years after
completion of treatment and symptoms have improved for about 2-3 years.®® No clinically
significant adverse effects have been reported with the use of hAQP-1
Conclusion

Xerostomia is an important complication of radiation therapy for head and neck cancers.
Some studies have demonstrated the benefit of pharmacologic agents like pilocarpine and
amifostine. However, these treatments are not well tolerated by all patients. Salivary gland sparing
using IMRT is the most practical approach to reduce salivary gland dysfunction and is now
standard of care in all patients. Salivary gland transfer holds promise in preventing xerostomia
without compromising oncologic outcomes or increasing local complication rates. However, all
patients may not be eligible. Preventive approaches should be maximized for all patients

undergoing radiation therapy for HNC.

References



Nathan, 15

Dirix P, Nuyts S, Van den Bogaert W. Radiation-induced xerostomia in patients with head
and neck cancer: a literature review. Cancer. 2006 Dec 1;107(11):2525-34. doi:
10.1002/cncr.22302. PMID: 17078052.

. Wang X, Eisbruch A. IMRT for head and neck cancer: reducing xerostomia and dysphagia.
J Radiat Res. 2016 Aug;57 Suppl 1(Suppl 1):i69-i75. doi: 10.1093/jrr/rrw047. PMID:
27538846; PMCID: PMC4990117.

Jha N, Harris J, Seikaly H, Jacobs JR, McEwan AJ, Robbins KT, Grecula J, Sharma AK,
Ang KK. A phase Il study of submandibular gland transfer prior to radiation for prevention
of radiation-induced xerostomia in head-and-neck cancer (RTOG 0244). Int J Radiat
Oncol Biol Phys. 2012 Oct 1;84(2):437-42. doi: 10.1016/.ijrobp.2012.02.034. Epub 2012
Apr 27. PMID: 22541957; PMCID: PMC5746194.

Eisbruch A, Rhodus N, Rosenthal D, Murphy B, Rasch C, Sonis S, Scarantino C, Brizel
D. How should we measure and report radiotherapy-induced xerostomia? Semin Radiat
Oncol. 2003 Jul;13(3):226-34. doi: 10.1016/S1053-4296(03)00033-X. PMID: 12903012,
Franzén L, Funegéard U, Ericson T, Henriksson R. Parotid gland function during and
following radiotherapy of malignancies in the head and neck. A consecutive study of
salivary flow and patient discomfort. Eur J Cancer. 1992;28(2-3):457-62. doi:
10.1016/s0959-8049(05)80076-0. PMID: 1591063.

Logemann JA, Pauloski BR, Rademaker AW, Lazarus CL, Mittal B, Gaziano J, Stachowiak
L, MacCracken E, Newman LA. Xerostomia: 12-month changes in saliva production and
its relationship to perception and performance of swallow function, oral intake, and diet
after chemoradiation. Head Neck. 2003 Jun;25(6):432-7. doi: 10.1002/hed.10255. PMID:
12784234.

Jensen SB, Vissink A, Limesand KH, Reyland ME. Salivary Gland Hypofunction and
Xerostomia in Head and Neck Radiation Patients. J Natl Cancer Inst Monogr. 2019 Aug

1;2019(53):1gz016. doi: 10.1093/jncimonographs/lgz016. PMID: 31425600.



8.

10.

11.

12.

Nathan, 16

Alfouzan AF. Radiation therapy in head and neck cancer. Saudi Med J. 2021
Mar;42(3):247-254. doi: 10.15537/smj.2021.42.3.20210660. PMID: 33632902; PMCID:
PMC7989258.

Gupta T, Agarwal J, Jain S, Phurailatpam R, Kannan S, Ghosh-Laskar S, Murthy V,
Budrukkar A, Dinshaw K, Prabhash K, Chaturvedi P, D'Cruz A. Three-dimensional
conformal radiotherapy (3D-CRT) versus intensity modulated radiation therapy (IMRT) in
squamous cell carcinoma of the head and neck: a randomized controlled trial. Radiother
Oncol. 2012 Sep;104(3):343-8. doi: 10.1016/j.radonc.2012.07.001. Epub 2012 Jul 30.
PMID: 22853852.

Bentzen SM, Constine LS, Deasy JO, Eisbruch A, Jackson A, Marks LB, Ten Haken RK,
Yorke ED. Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC): an
introduction to the scientific issues. Int J Radiat Oncol Biol Phys. 2010 Mar 1;76(3
Suppl):S3-9. doi: 10.1016/j.ijrobp.2009.09.040. PMID: 20171515; PMCID: PMC3431964.
Beddok A, Vela A, Calugaru V, Tessonnier T, Kubes J, Dutheil P, Gerard A, Vidal M,
Goudjil F, Florescu C, Kammerer E, Benezery K, Herault J, Poortmans P, Bourhis J,
Thariat J; GORTEC, the 3 French proton centers. Proton therapy for head and neck
squamous cell carcinomas: A review of the physical and clinical challenges. Radiother
Oncol. 2020 Jun;147:30-39. doi: 10.1016/j.radonc.2020.03.006. Epub 2020 Mar 27.
PMID: 32224315.

van de Water TA, Bijl HP, Schilstra C, Pijls-Johannesma M, Langendijk JA. The potential
benefit of radiotherapy with protons in head and neck cancer with respect to normal tissue
sparing: a systematic review of literature. Oncologist. 2011;16(3):366-77. doi:
10.1634/theoncologist.2010-0171. Epub 2011 Feb 24. PMID: 21349950; PMCID:

PMC3228110.



13.

14.

15.

16.

17.

18.

Nathan, 17

Kim JK, Leeman JE, Riaz N, McBride S, Tsai CJ, Lee NY. Proton Therapy for Head and
Neck Cancer. Curr Treat Options Oncol. 2018 May 9;19(6):28. doi: 10.1007/s11864-018-
0546-9. PMID: 29744681.

Horiot JC, Lipinski F, Schraub S, Maulard-Durdux C, Bensadoun RJ, Ardiet JM, Bolla M,
Coscas Y, Baillet F, Coche-Dequéant B, Urbajtel M, Montbarbon X, Bourdin S, Wibault M,
Alfonsi M, Calais G, Desprez P, Pene F, Lapeyre M, Vinke J, Maral J. Post-radiation
severe xerostomia relieved by pilocarpine: a prospective French cooperative study.
Radiother Oncol. 2000 Jun;55(3):233-9. doi: 10.1016/s0167-8140(99)00018-3. PMID:
11041775.

Zimmerman RP, Mark RJ, Tran LM, Juillard GF. Concomitant pilocarpine during head and
neck irradiation is associated with decreased posttreatment xerostomia. Int J Radiat Oncol
Biol Phys. 1997 Feb 1;37(3):571-5. doi: 10.1016/s0360-3016(96)00557-3. PMID:
9112455.

Burlage FR, Roesink JM, Kampinga HH, Coppes RP, Terhaard C, Langendijk JA, van
Luijk P, Stokman MA, Vissink A. Protection of salivary function by concomitant pilocarpine
during radiotherapy: a double-blind, randomized, placebo-controlled study. Int J Radiat
Oncol Biol Phys. 2008 Jan 1;70(1):14-22. doi: 10.1016/j.ijrobp.2007.06.016. Epub 2007
Sep 14. PMID: 17869018.

Sangthawan D, Watthanaarpornchai S, Phungrassami T. Randomized double blind,
placebo-controlled study of pilocarpine administered during head and neck irradiation to
reduce xerostomia. J Med Assoc Thai. 2001 Feb;84(2):195-203. PMID: 11336078.
Warde P, O'Sullivan B, Aslanidis J, Kroll B, Lockwood G, Waldron J, Payne D, Bayley A,
Ringash J, Kim J, Liu FF, Maxymiw W, Sprague S, Cummings BJ. A Phase Il placebo-
controlled trial of oral pilocarpine in patients undergoing radiotherapy for head-and-neck
cancer. Int J Radiat Oncol Biol Phys. 2002 Sep 1;54(1):9-13. doi: 10.1016/s0360-

3016(02)02890-0. PMID: 12182969.



19.

20.

21.

22.

23.

24.

Nathan, 18

Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA, Clark C, Miles EA, Miah
AB, Newbold K, Tanay M, Adab F, Jefferies SJ, Scrase C, Yap BK, A'Hern RP, Sydenham
MA, Emson M, Hall E; PARSPORT trial management group. Parotid-sparing intensity
modulated versus conventional radiotherapy in head and neck cancer (PARSPORT): a
phase 3 multicentre randomised controlled trial. Lancet Oncol. 2011 Feb;12(2):127-36.
doi: 10.1016/S1470-2045(10)70290-4. Epub 2011 Jan 12. PMID: 21236730; PMCID:
PMC3033533.

Davies AN, Thompson J. Parasympathomimetic drugs for the treatment of salivary gland
dysfunction due to radiotherapy. Cochrane Database Syst Rev. 2015 Oct
5;2015(10):CD003782. doi: 10.1002/14651858.CD003782.pub3. PMID: 26436597;
PMCID: PMC6599847.

Jellema AP, Slotman BJ, Muller MJ, Leemans CR, Smeele LE, Hoekman K, Aaronson
NK, Langendijk JA. Radiotherapy alone, versus radiotherapy with amifostine 3 times
weekly, versus radiotherapy with amifostine 5 times weekly: A prospective randomized
study in squamous cell head and neck cancer. Cancer. 2006 Aug 1;107(3):544-53. doi:
10.1002/cncr.22020. PMID: 16804929.

Lee MG, Freeman AR, Roos DE, Milner AD, Borg MF. Randomized double-blind trial of
amifostine versus placebo for radiation-induced xerostomia in patients with head and neck
cancer. J Med Imaging Radiat Oncol. 2019 Feb;63(1):142-150. doi: 10.1111/1754-
9485.12833. Epub 2018 Nov 21. PMID: 30461207.

Ma SJ, Rivers ClI, Serra LM, Singh AK. Long-term outcomes of interventions for radiation-
induced xerostomia: A review. World J Clin Oncol. 2019 Jan 10;10(1):1-13. doi:
10.5306/wjco.v10.i1.1. PMID: 30627521; PMCID: PMC6318483.

Bardet E, Martin L, Calais G, Alfonsi M, Feham NE, Tuchais C, Boisselier P, Dessard-
Diana B, Seng SH, Garaud P, Aupérin A, Bourhis J. Subcutaneous compared with

intravenous administration of amifostine in patients with head and neck cancer receiving



25.

26.

27.

28.

29.

Nathan, 19

radiotherapy: final results of the GORTEC2000-02 phase Il randomized trial. J Clin Oncol.
2011 Jan 10;29(2):127-33. doi: 10.1200/JC0.2009.25.5638. Epub 2010 Nov 29. PMID:
21115863.

Riley P, Glenny AM, Hua F, Worthington HV. Pharmacological interventions for preventing
dry mouth and salivary gland dysfunction following radiotherapy. Cochrane Database Syst
Rev. 2017 Jul 31;7(7):CD012744. doi: 10.1002/14651858.CD012744. PMID: 28759701,
PMCID: PMC6483146.

Vitolo JM, Cotrim AP, Sowers AL, Russo A, Wellner RB, Pillemer SR, Mitchell JB, Baum
BJ. The stable nitroxide tempol facilitates salivary gland protection during head and neck
irradiation in a mouse model. Clin Cancer Res. 2004 Mar 1;10(5):1807-12. doi:
10.1158/1078-0432.ccr-03-0194. PMID: 15014035.

Hu L, Wang Y, Cotrim AP, Zhu Z, Gao R, Zheng C, Goldsmith CM, Jin L, Zhang C, Mitchell
JB, Baum BJ, Wang S. Effect of Tempol on the prevention of irradiation-induced mucositis
in miniature pigs. Oral Dis. 2017 Sep;23(6):801-808. doi: 10.1111/0di.12667. Epub 2017
Apr 27. PMID: 28326646; PMCID: PMC7893613.

Teymoortash A, Miiller F, Juricko J, Bieker M, Mandic R, Librizzi D, Hoffken H, Pfestroff
A, Werner JA. Botulinum toxin prevents radiotherapy-induced salivary gland damage. Oral
Oncol. 2009 Aug;45(8):737-9. doi: 10.1016/j.oraloncology.2008.11.014. Epub 2009 Feb
11. PMID: 19213593.

Teymoortash A, Pfestroff A, Wittig A, Franke N, Hoch S, Harnisch S, Schade-Brittinger C,
Hoeffken H, Engenhart-Cabillic R, Brugger M, Strauch K. Safety and Efficacy of Botulinum
Toxin to Preserve Gland Function after Radiotherapy in Patients with Head and Neck
Cancer: A Prospective, Randomized, Placebo-Controlled, Double-Blinded Phase I Clinical
Trial. PLoS One. 2016 Mar 18;11(3):e0151316. doi: 10.1371/journal.pone.0151316.

PMID: 26991494; PMCID: PMC4798778.



30.

31.

32.

33.

34.

35.

36.

37.

Nathan, 20

Zeidan YH, Xiao N, Cao H, Kong C, Le QT, Sirjani D. Botulinum Toxin Confers
Radioprotection in Murine Salivary Glands. Int J Radiat Oncol Biol Phys. 2016 Apr
1;94(5):1190-7. doi: 10.1016/j.ijrobp.2015.12.371. Epub 2015 Dec 29. PMID: 26907915;
PMCID: PMC4839970.

Ribelles Llop M, Guinot Jimeno F, Mayné Acién R, Bellet Dalmau LJ. Effects of xylitol
chewing gum on salivary flow rate, pH, buffering capacity and presence of Streptococcus
mutans in saliva. Eur J Paediatr Dent. 2010 Mar;11(1):9-14. PMID: 20359274.

Assery MKA. Efficacy of Artificial Salivary Substitutes in Treatment of Xerostomia: A
Systematic Review. J Pharm Bioallied Sci. 2019 Feb;11(Suppl 1):S1-S12. doi:
10.4103/jpbs.JPBS_220_18. PMID: 30923424; PMCID: PMC6398314.

Gookizadeh A, Emami H, Najafizadeh N, Roayaei M. Clinical evaluation of BIOXTRA in
relieving signs and symptoms of dry mouth after head and neck radiotherapy of cancer
patients at Seyed-al-Shohada Hospital, Isfahan, Iran. Adv Biomed Res. 2012;1:72. doi:
10.4103/2277-9175.102976. Epub 2012 Oct 31. PMID: 23326802; PMCID: PMC3544101.
Dirix P, Nuyts S, Vander Poorten V, Delaere P, Van den Bogaert W. The influence of
xerostomia after radiotherapy on quality of life: results of a questionnaire in head and neck
cancer. Support Care Cancer. 2008 Feb;16(2):171-9. doi: 10.1007/s00520-007-0300-5.
Epub 2007 Jul 6. PMID: 17618467.

Jha N, Seikaly H, McGaw T, Coulter L. Submandibular salivary gland transfer prevents
radiation-induced xerostomia. Int J Radiat Oncol Biol Phys. 2000 Jan 1;46(1):7-11. doi:
10.1016/s0360-3016(99)00460-5. PMID: 10656365.

Seikaly H, Jha N, McGaw T, Coulter L, Liu R, Oldring D. Submandibular gland transfer: a
new method of preventing radiation-induced xerostomia. Laryngoscope. 2001
Feb;111(2):347-52. doi: 10.1097/00005537-200102000-00028. PMID: 11210886.

Sood AJ, Fox NF, O'Connell BP, Lovelace TL, Nguyen SA, Sharma AK, Hornig JD, Day

TA. Salivary gland transfer to prevent radiation-induced xerostomia: a systematic review



38.

39.

40.

41.

42.

43.

Nathan, 21

and meta-analysis. Oral Oncaol. 2014 Feb;50(2):77-83. doi:
10.1016/j.oraloncology.2013.10.010. Epub 2013 Nov 1. PMID: 24189058.

Wu F, Weng S, Li C, Sun J, Li L, Gao Q. Submandibular gland transfer for the prevention
of postradiation xerostomia in patients with head and neck cancer: a systematic review
and meta-analysis. ORL J Otorhinolaryngol Relat Spec. 2015;77(2):70-86. doi:
10.1159/000371854. Epub 2015 Mar 20. Erratum in: ORL J Otorhinolaryngol Relat Spec.
2015;77(5):320. PMID: 25823449.

Pathak KA, Bhalavat RL, Mistry RC, Deshpande MS, Bhalla V, Desai SB, Malpani BL.
Upfront submandibular salivary gland transfer in pharyngeal cancers. Oral Oncol. 2004
Oct;40(9):960-3. doi: 10.1016/j.oraloncology.2004.04.016. PMID: 15380176.

Liu XK, Su Y, Jha N, Hong MH, Mai HQ, Fan W, Zeng ZY, Guo ZM. Submandibular
salivary gland transfer for the prevention of radiation-induced xerostomia in patients with
nasopharyngeal carcinoma: 5-Year outcomes. Head Neck. 2011 Mar;33(3):389-95. doi:
10.1002/hed.21461. PMID: 20629074.

Murray S, Chung J, Zhang H, Baker S, Jha N, Scrimger R, Debenham B, Biron V, Harris
J, O'Connell D, Seikaly H. Functional outcomes of the modified submandibular gland
transfer procedure. Laryngoscope. 2020 Apr;130(4):925-929. doi: 10.1002/lary.28039.
Epub 2019 May 14. PMID: 31087663.

Marzouki HZ, Elkhalidy Y, Jha N, Scrimger R, Debenham BJ, Harris JR, O'Connell DA,
Seikaly H. Modification of the submandibular gland transfer procedure. Laryngoscope.
2016 Nov;126(11):2492-2496. doi: 10.1002/lary.26029. Epub 2016 May 12. PMID:
27171786.

Chang CF, Ei-Sayed IH, George JR, Heaton CM, Ryan WR, Susko MS, Yom SS, Ha PK.
Modified technique of submandibular gland transfer followed by intensity modulated
radiotherapy to reduce xerostomia in head and neck cancer patients. Head Neck. 2020

Sep;42(9):2340-2347. doi: 10.1002/hed.26249. Epub 2020 May 13. PMID: 32400948.



44,

45.

46.

47.

48.

49.

50.

Nathan, 22

Joshi KD, Joshi P, Bhati M, Nair S, Chaturvedi P. Submandibular gland in squamous cell
carcinoma of the tongue: Can preservation during neck dissection be a pragmatic option?
J Cancer Res Ther. 2022 Apr-Jun;18(3):612-616. doi: 10.4103/jcrt.JCRT_1661 20. PMID:
35900530.

Basaran B, Ulusan M, Orhan KS, Gunes S, Suoglu Y. Is it necessary to remove
submandibular glands in squamous cell carcinomas of the oral cavity? Acta
Otorhinolaryngol Ital. 2013 Apr;33(2):88-92. PMID: 23853397; PMCID: PMC3665381.
Cakir Cetin A, Dogan E, Ozay H, Kumus O, Erdag TK, Karabay N, Sarioglu S, Ikiz AO.
Submandibular gland invasion and feasibility of gland-sparing neck dissection in oral
cavity carcinoma. J Laryngol Otol. 2018 May;132(5):446-451. doi:
10.1017/S0022215118000592. Epub 2018 May 3. PMID: 29720283.

Yang S, SuJZ, Gao Y, Yu GY. Involvement of the submandibular gland in oral squamous
cell carcinoma patients with positive lymph nodes. J Stomatol Oral Maxillofac Surg. 2020
Sep;121(4):373-376. doi: 10.1016/j.jormas.2019.12.004. Epub 2019 Dec 19. PMID:
31866411.

Agarwal G, Nagpure PS, Chavan SS. Questionable Necessity for Removing
Submandibular Gland in Neck Dissection in Squamous Cell Carcinoma of Oral Cavity.
Indian J Otolaryngol Head Neck Surg. 2016 Sep;68(3):314-6. doi: 10.1007/s12070-016-
0966-4. Epub 2016 Feb 13. PMID: 27508132; PMCID: PMC4961650.

Blom M, Lundeberg T. Long-term follow-up of patients treated with acupuncture for
xerostomia and the influence of additional treatment. Oral Dis. 2000 Jan;6(1):15-24. doi:
10.1111/j.1601-0825.2000.tb00316.x. PMID: 10673783.

Cho JH, Chung WK, Kang W, Choi SM, Cho CK, Son CG. Manual acupuncture improved
guality of life in cancer patients with radiation-induced xerostomia. J Altern Complement

Med. 2008 Jun;14(5):523-6. doi: 10.1089/acm.2007.0793. PMID: 18532895.



51.

52.

53.

54.

55.

Nathan, 23

Furness S, Bryan G, McMillan R, Worthington HV. Interventions for the management of
dry mouth: non-pharmacological interventions. Cochrane Database Syst Rev. 2013 Aug
30;(8):CD009603. doi: 10.1002/14651858.CD009603.pub2. Update in: Cochrane
Database Syst Rev. 2013;(9):CD009603. PMID: 23996155.

Assy Z, Brand HS. A systematic review of the effects of acupuncture on xerostomia and
hyposalivation. BMC Complement Altern Med. 2018 Feb 13;18(1):57. doi:
10.1186/s12906-018-2124-x. PMID: 29439690; PMCID: PMC5811978.

Lakshman AR, Babu GS, Rao S. Evaluation of effect of transcutaneous electrical nerve
stimulation on salivary flow rate in radiation induced xerostomia patients: a pilot study. J
Cancer Res Ther. 2015 Jan-Mar;11(1):229-33. doi: 10.4103/0973-1482.138008. PMID:
25879367.

Alajbeg I, Falcdo DP, Tran SD, Martin-Granizo R, Lafaurie GIl, Matranga D, Pejda S,
Vuleti¢ L, Mantilla R, Leal SC, Bezerra AC, Ménard HA, Kimoto S, Pan S, Maniegas L,
Krushinski CA, Melilli D, Campisi G, Paderni C, Mendoza GR, Yepes JF, Lindh L, Koray
M, Mumcu G, Elad S, Zeevi |, Barrios BC, Lopez Sanchez RM, Lassauzay C, Fromentin
O, Beiski BZ, Strietzel FP, Konttinen YT, Wolff A, Zunt SL. Intraoral electrostimulator for
xerostomia relief: a long-term, multicenter, open-label, uncontrolled, clinical trial. Oral Surg
Oral Med Oral Pathol Oral Radiol. 2012 Jun;113(6):773-81. doi:
10.1016/j.0000.2012.01.012. PMID: 22668705.

Wong RK, Deshmukh S, Wyatt G, Sagar S, Singh AK, Sultanem K, Nguyen-Tan PF, Yom
SS, Cardinale J, Yao M, Hodson |, Matthiesen CL, Suh J, Thakrar H, Pugh SL, Berk L.
Acupuncture-Like Transcutaneous Electrical Nerve Stimulation Versus Pilocarpine in
Treating Radiation-Induced Xerostomia: Results of RTOG 0537 Phase 3 Study. Int J
Radiat Oncol Biol Phys. 2015 Jun 1;92(2):220-7. doi: 10.1016/j.ijrobp.2015.01.050. Epub

2015 Apr 1. PMID: 25841622; PMCID: PMC4431932.



56.

57.

58.

59.

60.

61.

62.

Nathan, 24

Cankar K, Finderle Z, Jan J. The effect of hyperbaric oxygenation on postradiation
xerostomia and saliva in patients with head and neck tumours. Caries Res.
2011;45(2):136-41. doi: 10.1159/000324811. Epub 2011 Mar 26. PMID: 21447949.
Forner L, Hyldegaard O, von Brockdorff AS, Specht L, Andersen E, Jansen EC, Hillerup
S, Nauntofte B, Jensen SB. Does hyperbaric oxygen treatment have the potential to
increase salivary flow rate and reduce xerostomia in previously irradiated head and neck
cancer patients? A pilot study. Oral Oncol. 2011 Jun;47(6):546-51. doi:
10.1016/j.oraloncology.2011.03.021. Epub 2011 Apr 13. PMID: 21493124.

Fox NF, Xiao C, Sood AJ, Lovelace TL, Nguyen SA, Sharma A, Day TA. Hyperbaric
oxygen therapy for the treatment of radiation-induced xerostomia: a systematic review.
Oral Surg Oral Med Oral Pathol Oral Radiol. 2015 Jul;120(1):22-8. doi:
10.1016/j.0000.2015.03.007. Epub 2015 Mar 25. PMID: 26093680.

Teguh DN, Levendag PC, Noever |, Voet P, van der Est H, van Rooij P, Dumans AG, de
Boer MF, van der Huls MP, Sterk W, Schmitz PI. Early hyperbaric oxygen therapy for
reducing radiotherapy side effects: early results of a randomized trial in oropharyngeal
and nasopharyngeal cancer. Int J Radiat Oncol Biol Phys. 2009 Nov 1;75(3):711-6. doi:
10.1016/j.ijrobp.2008.11.056. Epub 2009 Apr 20. PMID: 19386439.

Goel A, Tripathi A, Chand P, Singh SV, Pant MC, Nagar A. Use of positioning stents in
lingual carcinoma patients subjected to radiotherapy. Int J Prosthodont. 2010 Sep-
Oct;23(5):450-2. PMID: 20859562.

Chen D, Chen X, Chen X, Jiang N, Jiang L. The efficacy of positioning stents in preventing
Oral complications after head and neck radiotherapy: a systematic literature review.
Radiat Oncol. 2020 Apr 28;15(1):90. doi: 10.1186/s13014-020-01536-0. PMID: 32345309;
PMCID: PMC7189514.

van Luijk P, Pringle S, Deasy JO, Moiseenko VV, Faber H, Hovan A, Baanstra M, van der

Laan HP, Kierkels RG, van der Schaaf A, Witjes MJ, Schippers JM, Brandenburg S,



63.

64.

65.

66.

67.

Nathan, 25

Langendijk JA, Wu J, Coppes RP. Sparing the region of the salivary gland containing stem
cells preserves saliva production after radiotherapy for head and neck cancer. Sci Transl
Med. 2015 Sep 16;7(305):305ral47. doi: 10.1126/scitransimed.aac4441. PMID:
26378247, PMCID: PMC4964284.

Feng J, van der Zwaag M, Stokman MA, van Os R, Coppes RP. lIsolation and
characterization of human salivary gland cells for stem cell transplantation to reduce
radiation-induced hyposalivation. Radiother Oncol. 2009 Sep;92(3):466-71. doi:
10.1016/j.radonc.2009.06.023. Epub 2009 Jul 20. PMID: 19625095.

Grgnhgj C, Jensen DH, Vester-Glowinski P, Jensen SB, Bardow A, Oliveri RS, Fog LM,
Specht L, Thomsen C, Darkner S, Jensen M, Miiller V, Kiss K, Agander T, Andersen E,
Fischer-Nielsen A, von Buchwald C. 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 Jul 1;101(3):581-592. doi:
10.1016/j.ijrobp.2018.02.034. Epub 2018 Mar 6. PMID: 29678523.

Kim JW, Kim JM, Choi ME, Kim SK, Kim YM, Choi JS. Adipose-derived mesenchymal
stem cells regenerate radioiodine-induced salivary gland damage in a murine model. Sci
Rep. 2019 Oct 31;9(1):15752. doi: 10.1038/s41598-019-51775-9. PMID: 31673085;
PMCID: PMC6823479.

Rocchi C, Emmerson E. Mouth-Watering Results: Clinical Need, Current Approaches, and
Future Directions for Salivary Gland Regeneration. Trends Mol Med. 2020 Jul;26(7):649-
669. doi: 10.1016/j.molmed.2020.03.009. Epub 2020 May 1. PMID: 32371171.
Lynggaard CD, Grgnhgj C, Jensen SB, Christensen R, Specht L, Andersen E, Andersen
TT, Ciochon UM, Rathje GS, Hansen AE, Stampe H, Fischer-Nielsen A, von Buchwald
C. Long-term Safety of Treatment with Autologous Mesenchymal Stem Cells in Patients

with Radiation-Induced Xerostomia: Primary Results of the MESRIX Phase /1|



68.

69.

70.

Nathan, 26

Randomized Trial. Clin Cancer Res. 2022 Jul 1;28(13):2890-2897. doi: 10.1158/1078-
0432.CCR-21-4520.

Pringle, S., Maimets, M., van der Zwaag, M., Stokman, M.A., van Gosliga, D., Zwart, E.,
Witjes, M.J., de Haan, G., van Os, R. and Coppes, R.P. Human Salivary Gland Stem Cells
Functionally Restore Radiation Damaged Salivary Glands. Stem Cells, 2016, 34: 640-
652.

Alevizos I, Zheng C, Cotrim AP, Liu S, McCullagh L, Billings ME, Goldsmith CM, Tandon
M, Helmerhorst EJ, Catalan MA, Danielides SJ, Perez P, Nikolov NP, Chiorini JA, Melvin
JE, Oppenheim FG, lllei GG, Baum BJ. Late responses to adenoviral-mediated transfer
of the aquaporin-1 gene for radiation-induced salivary hypofunction. Gene Ther. 2017
Mar;24(3):176-186. doi: 10.1038/gt.2016.87. Epub 2016 Dec 20. PMID: 27996967,
PMCID: PMC5373995.

Lombaert IMA, Patel VN, Jones CE, Villier DC, Canada AE, Moore MR, Berenstein E,
Zheng C, Goldsmith CM, Chorini JA, Martin D, Zourelias L, Trombetta MG, Edwards PC,
Meyer K, Ando D, Passineau MJ, Hoffman MP. CERE-120 Prevents Irradiation-Induced
Hypofunction and Restores Immune Homeostasis in Porcine Salivary Glands. Mol Ther
Methods Clin Dev. 2020 Jul 31;18:839-855. doi: 10.1016/j.omtm.2020.07.016. PMID:

32953934, PMCID: PMC7479444.



