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Abstract

Objectives: To establish an experimental radiation-induced
mucositis model in the Sprague-Dawley rat, and to use this model
to study the temporal changes in morphology, including invasion by
immune cells (polymorphonuclear (PMN) cells and macrophages
— both activated M1 macrophages and wound healing M2
macrophages) following irradiation.

Materials and methods: Irradiation was given as a single fraction
treatment to the entire head using a conventional high-energy linear
accelerator (Varian Clinac 2300 C/D). Treatment was in as single
fractions of 20 Gy, using 6 MV photons. Morphological changes
in irradiated lingual and buccal tissues were assessed using a
haematoxylin-eosin staining, while invasion by immune cells was
established by immunohistochemistry.

Results: A single dose of 20 Gy gave rise to ulcerations and a
manifest oral mucositis. Atrophy of the epithelial layer was seen on
day 5 in the buccal specimens and on day 7 in the lingual specimens.
Regeneration of the epithelial layer was observed day 13 in the
buccal specimens and on day 17 in the lingual specimens. A peak
influx of PMN cells was observed before a peak of macrophages
was seen. The concentration of PMN cells decreased after the
acute phase had passed — and was then lower than in control
samples. A peak in the influx of general macrophages (ED 1 stain)
was observed day 9, and also on day 11 of M2 macrophages (ED
2 stain).

Conclusion: An experimental model of irradiation-induced oral
mucositis was established in the Sprague-Dawley rat, using
a high-energy linear accelerator, which provides a research
platform for the study of radiotherapy-induced oral mucositis
pathogenesis. A uniform morphological pattern was observed,
showing a rapid healing process following irradiation. An influx of
PMN cells peaked before the macrophage peak, whereas those
peak of M2 macrophages occurred 2 days after the peak of general
macrophages.
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Introduction

Squamous cell carcinoma of the head and neck, SCCHN, is the
6™ most common malignancy worldwide with more than half a
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million new cases and 350,000 deaths annually. The vast majority of
these cases constitutes of patients with cancer of the oral cavity or
the oropharynx [1]. Curative treatment for SCCHN can be achieved
through surgery, radiotherapy (RT), chemotherapy or a combination
of these modalities. RT combined with surgery is the mainstay of
curative treatment in advanced clinical stages (IIT and IV) of oral
cancer due to the aggressiveness of these lesions. Oral mucositis
(OM) is the most common adverse effect of RT, presenting clinically
as a continuum of erythema, oedema and ulceration, with or without
pseudomembrane formation of the oral mucosa (Figure 1) [2]. For
nearly all patients treated with RT to the oral cavity [3,4], OM causes
significant acute morbidity [5]. OM has been reported by patients to
be the worst acute side effect of RT [6], constituting the main dose-
limiting side effect [5] resulting from secondary side effects such as
oral pain, dysphagia, weight loss or the need for enteral nutrition [6].
OM can indirectly affect the success of RT by limiting the patient’s
ability to tolerate optimal tumour-killing treatment, thus reducing
the efficacy of the treatment. In cases where it causes the patients to
interrupt their scheduled treatment, it may even affect the long-term
survival [7]. In a clinical setting, OM usually begins after a cumulative
exposure to 15 Gy, worsening markedly if the total dose exceeds 60 Gy
[8]. The standard therapy for OM is topical analgetics and systemical
opioids, as no approved standard remedy against inflammation has
yet been found to prevent or treat RT-induced OM [9], which has led
to a questioning of the theory that inflammation is the chief cause of
OM. It is important that the molecular events leading to RT-induced
mucosal injury should be identified so that they can provide targets for
mechanistically based interventions to prevent or treat OM. A serious
problem with determining the appropriate treatment for OM is that
the immunological mechanisms underpinning the condition have not
been elucidated. It is known that irradiation leads to an accumulation
of immune cells in the subepithelial layer [10], but the immunological
mechanisms of mucosal injury are relatively difficult to study in
humans. Instead, laboratory animal models form the platform from
which a basic understanding of RT-induced OM can be sought.
Any new potential treatment must first be subjected to rigorous
testing in well studied animal models to test its efficacy and safety

-

Figure 1: OM is presenting clinically as a continuum of erythema, oedema
and ulceration, with or without pseudomembrane formation of the oral
mucosa.
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before proceeding to preliminary clinical trials. A variety of animal
models have been used in research into OM [11], including mouse
[12] and hamster [13-15], but the more physiologically stable rat
models have the advantage of the size of the tongue and cheeks, which
can be handled more easily than those of smaller rodents. There are
several different immune cells that are of interest to study in relation
to OM. Polymorphonuclear cells (PMN cells) are white blood cells
that in peripheral tissues consist mostly of neutrophil granulocytes.
Neutrophils are a type of phagocyte and the most abundant white
blood cell type in mammals. They are an essential element in the
innate immune system and major contributors to its response to
infection, inflammation, and tissue damage such as irradiation-
induced injury. Development of oral mucositis due to radiotherapy is
linked to an increased number of oral neutrophils [16]. Macrophages
are another category of white blood cells that play a critical role in
the innate immune system. They gradually replace neutrophils as the
predominant cell type in the wound. As a group, macrophages show
considerable differences among themselves as regards morphology,
phenotypic marker expression, and effect or function. This results from
the specialization of circulating monocytes depending on the local
micro-environment to which they are exposed during differentiation
[17]. There are two major types of activated macrophages: classically
activated macrophages (M1 macrophages) and wound-healing
macrophages (M2 macrophages or so-called alternatively activated
macrophages) [18]. Irradiation causes a shift to M1 macrophages
[19]. In rat, ED1 and -2 are cellular markers for activated microglia,
monocytes, and macrophages. ED1 is a general macrophage marker
expressed by the majority of tissue macrophages but only weakly
by peripheral blood granulocytes, whereas ED2 is expressed by M2
macrophages in most tissues. When studying inflammation, it is of
interest to study the different form of macrophages, since they have
different functions. To gain further knowledge, we conducted a study
on the morphological course of mucositis in radiation-exposed rats
over time using immunohistochemistry to describe the invading
inflammatory cells during RT-induced mucositis [20].

Material and Methods

The study was divided into two stages. The first stage of the study
was to establish a reproducible model where oral mucositis could
be induced in the Sprague-Dawley rat following a single irradiation
fraction. The second part of the study aimed at mapping recruitment
of inflammatory cells during development of radiation-induced
mucositis.

Animal care

The animals were kept in a 12 hour light / 12 hour dark cycle and
were fed ad libitum, 3 or 4 animals in each cage. Before irradiation,
animals were anaesthetized with an intravenous injection of propofol
solution (Diprivan®, AstraZeneca, Sodertilje, Sweden), 10 mg/mL (20
mg/kg), through a tail vein, and by adding a bolus dose of pentobarbital
sodium (Pentobarbitalnatrium, Apoteksbolaget, Stockholm, Sweden),
100 mg/mL (40 mg/kg), given intraperitoneally. At the end of the
experiment the rats were killed with an intraperitoneal overdose of
sodium pentobarbital.

Irradiation procedure

Radiotherapy was given as a single fraction dose to the entire head
using a conventional high-energy linear accelerator (Varian Clinac
2300 C/D). The individual fractions were of 16, 18 or 20 Gy using 6
MYV photons at a dose rate of 3 Gy/min. Irradiation was performed on
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anaesthetized rats, each temporarily immobilized in a net restrainer.
This was positioned in the beam so that the rat’s head was located at
the isocenter plane of the treatment machine (100 cm). The whole
head was irradiated, but the oral tissue in themselves were not directly
exposed. The rats were irradiated two at a time with a set-up of double
net restrainers placed side by side. Beam size was 30 x 9 cm?. Perspex
plates were placed both above and beneath the net restrainers to
provide photon build-up (thickness of 15 mm) and back-scatter. For
practical reasons, the Perspex plates were not in direct contact with
the rat’s head, thus introducing a narrow air-gap both upstream and
downstream in the beam longitudinal direction. The air gap causes
a loss of transient electronic equilibrium and hence a small dose
reduction. By increasing the quantity of monitor units delivered by
5%, we compensated for this effect.

Establishing a dose-response relationship

A total of 14 female Sprague-Dawley rats weighing between 201
and 225 grams were used in the first part of the study. These were
randomly divided into four groups of 3-4 animals each. Three groups
were irradiated with a one-time radiation dose to the head and
neck region. Each group was exposed to a dose of 16, 18 or 20 Gy
respectively. The 4 group was the control group.

Assessment of mucositis in vivo

The macroscopic criteria for an established OM were: widespread
ulceration and pseudomembrane formation. All animals were
assessed and weighed daily. In this dose-response part of the study,
animals with a 10% loss of initial weight and poor general condition
was given a daily subcutaneous injection of 10 ml 5% glucose to help
sustain them. Animals were sacrificed if they had lost at least 20% of
initial body weight. Tissue specimens were then harvested and fixed
for morphological study.

Longitudinal morphological characterization of mucositis
and invasion of immune cells

A total of 30 male Sprague-Dawley rats weighing between 210 and
230 grams were used for the second part of the study the animals were
divided into 8 groups, of which 7 with 4 animals each were irradiated
in the head and neck region with a single dose of 20 Gy. The 8" group
was the control group of 2 animals. Two animals died on day 1. The
remaining 28 animals (26 in the irradiation groups and 2 controls)
were consequently sacrificed and dissected at 5, 7, 9, 10, 11, 12, 14
and 17 days after irradiation. Four animals were sacrificed in each of
these days. On day 17 the 2 controls were sacrificed, together with the
remaining 2 irradiation group animals. The tongue and cheek mucosa
of each animal were dissected and fixed separately.

Paraffin wax embedding

All dissected specimens were fixed in 4% buffered formalin
solution containing 0.0027 mol/L potassium chloride, 0.0015 mol/L
potassium dihydrogen phosphate, 0.1369 mol/L sodium chloride,
and 0.0080 mol/L disodium hydrogen phosphate. The skulls were
immersed in the same fixative for 1 week. The specimens were
then dehydrated in graded ethanol and embedded in paraffin wax.
The paraffin-embedded specimens were sectioned 5 um thick and
deparaffined in xylene and rehydrated in a graded series of ethanol.

Immunohistochemical procedure

Endogenous peroxidase activity was blocked with 0.3% H,O,
(3% H,O, for the ED1 antibody) and the slides were then rinsed in
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PBS. After rinsing, non-specific binding-sites were blocked with
5% rabbit (ED1, ED2) or 5% swine (PMN) serum for 30 minutes at
room temperature. The sections were incubated with the primary
antibody (Table 1) at the manufacturer’s recommendation for
60 minutes at room temperature and then rinsed with PBS. A
biotinylated rabbit anti-mouse antibody was applied for 30 minutes.
The slides were washed in PBS, followed by incubation with an avidin-
biotin peroxidase complex (Vector Elite Pk 6100 standard, Vector
Laboratories, Burlingame, CA, USA). The peroxidase activity was
visualized by diaminobenzidine (DAB) (Vector Peroxidase substrate
kit SK-4100, Vector Laboratories, Burlingame, CA, USA). Slides
incubated with normal serum only, excluding the primary antibody,
were used as negative controls. Standard haematoxylin-eosin stainings
were performed for all specimens.

Photodocumentation

The haematoxylin-eosin stained sections analysed using the
scanning microscope Aperio Scan Scope XT and the accompanying
software Image Scope™ (Leica, Germany). The Immunohistochemical
sections were examined and photo documented using a Zeiss
(Germany) Axiophot light microscope fitted with an Axio Cam
MRc camera under control of Zen 2012 blue edition software (Zeiss,
Germany).

Morphological assessment

This study is a double blind evaluation that was carried out by
properly calibrated evaluators.All samples were blinded and reviewed
by one of the authors (ELJ), assisted by one author (MS) for the
haematoxylin-eosin staining. The grade of ulceration and epithelial
status was evaluated for all samples and the presence or absence of
filiform papillae was noted for the lingual samples in the second part
of the study using the following scale (Table 2). The staining results
for ED1, ED2 and PMN were scored in the submucosa, using an 1125
um? grid in snapshots of 20 x magnifications, where 60 squares were
counted per sample.

Ethical considerations

The study was approved by the University of Umea Institutional
Review Board (registration number A 120-10).

Results

Establishing a dose-response relationship

Part I aims at establishing the correct irradiation-dose for the
longitudinal morphological characterization of OM.

Table 1: The different antibodies used for detection of macrophages (ED1, ED2)
and polymorphonuclear cells (PMN).

Target [Name of antibody

ED1 Serotec MCA341R, Mouse-anti-Rat

ED2 Serotec MCA342R, Mouse-anti-Rat ED2

PMN Cedarlane CL AD 51140, absorbed Rabbit-anti-Rat PMN

Table 2: The microscopic grading scale used to evaluate ulceration and epithelial
status; and in the tongue, the presence or absence of filiform papillae.

Haematoxylin-eosin staining

Score Epithelial thickness grading Ulceration | Filiform papillae
0 None None Presence
1 Decreased Early signs Absence
2 Normal Evident
3 Increased
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Assessment of weight loss and OM

A uniform weight loss was seen after day 5. Between day 11 and
day 14 a weight gain was seen in all groups, accelerated in those
animals that had previously shown the greatest weight loss, i.e. those
treated with higher radiation doses (Figure 2). Twenty animals with
a 10% loss of initial weight and poor general condition were given a
daily subcutaneous injection of 10 ml 5% glucose and the 4 animals
that had received an irradiation dose of 20 Gy and one animal that
had received 18 Gy were sacrificed on day 9 due to >20% weight loss

Histological assessment

Only at 20 Gy was the effect on the epithelium severe enough to
cause ulceration (Table 3).

Longitudinal morphological characterization of mucositis
and invasion by immune cells

Assessment of weight loss and mucositis: In part two weight
losses during the experiment ranged between 0 and 75 grams for the
irradiated animals, whereas the controls showed a weight gain during
the study (Figure 3). Oral mucositis was evident from day 7 to 14,
when a noticeable repair process started. By day 17 all animals showed
almost complete resolution of mucositis, with only minimal mucosal
erythema remaining (Table 3).

Morphological observations

Haematoxylin-eosin: On day 7, lingual specimens started to
show atrophy of the epithelial layer, and the filiform papillae had
disappeared by day 9 after irradiation. A peak in ulceration was
observed on day 10. Pseudomembrane formation was simultaneously
demonstrated in areas exhibiting progression of mucositis, with focal
areas of ulceration including an increased number of inflammatory
cells in the lamina propria and total absence of submucosal papillae.

Part I: Weight variation
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Figure 2: A uniform weight loss was seen after day 5. Between days 11 and
14, weight gain was seen in all groups with an accelerated weight gain in
animals that had previously shown the greatest weight loss, i.e. those treated
with higher radiation doses.

Table 3: The macroscopic evaluation of mucositis at different time points.

Day Clinical signs of mucositis

5 No evident macroscopic signs of mucositis.

7 Red, swollen and fibrin-covered mucosa.

9 Macroscopic evident severe mucositis in the whole oral cavity.

11 Macroscopic evident severe mucositis in the whole oral cavity.

12 Macroscopic evident severe mucositis in the whole oral cavity.

14 |Regression of mucositis, with persistent erythema, but no fibrin
pseudomembranes or macroscopically evident ulceration.

17 Qomp]?te regression of oral mucositis in all sites except for persisting mild
gingivitis.
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At this stage, early signs of healing, and peak-mucositis co-existed.
The mean epithelial gradings for days 11 and 13 revealed epithelial
hyperplasia, including an epithelial thickening exceeding that of the
controls, a so-called over-shoot phenomenon [21-23]. By day 17 the
epithelial layer thickness and morphology had normalised completely
with restoration of the filiform papillae (Figures 3-5). The buccal
epithelium started to show signs of epithelial atrophy earlier than the
lingual specimens, day 5 after irradiation, then progressing to peak on
day 9. The ulceration was visible from day 7, also peaking on day 9.
Both parameters then started to normalize, and had done so by day
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Figure 3: Weight loss during the experiment ranged from 0 - 75 grams for the
irradiated animals, while the controls showed a weight gain during the study.
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Figure 4: At day 7, tongue specimens started to show atrophy of the epithelial
layer, and the filiform papillae had disappeared by day 9 after irradiation.
A peak in ulceration was observed by day 10. At this stage, early signs of
healing and peak-mucositis co-existed. The mean epithelial gradings for days
11 and 13 showed an epithelial hyperplasia. By day 17 the epithelial layer
thickness and morphology had normalized completely with restoration of the
filiform papillae.
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13, though not with such a clear so-called over-shoot phenomenonas
in the lingual histological sections (Figures 6 and 7).

Immunohistochemistry: Figure 7 shows the longitudinal pattern
of immune cell invasion. The peak of PMN staining was on day 5,
earlier during the acute phase than for the macrophage stains. The
peaks for the different macrophage stains were day 9 (ED1) and 11
(ED2), respectively, and after the acute phase terminated. There were
even less macrophage and PMN staining in the irradiated samples than
in the controls. The mean peak of ED1 staining was approximately
twice that of ED2, and 3-folds that of PMN (Figure 8).

Discussion

By using a high-energy linear accelerator, an experimental model
for oral mucositis was developed in the Sprague-Dawley rat. A
single irradiation dose of 20 Gy to the entire head region induced a
reproducible OM leading to asignificant weightloss. A time-dependent
loss of epithelial cells and regeneration as well as recruitment of
inflammatory cells in the oral mucosa during the development of
OM was demonstrated. The dose used to induce OM is slightly lower
than reported in some other studies [24]. This can be attributed to the
larger target-volume in this study [25]. Previous experimental studies
on radiation-induced OM have frequently been performed on mouse
models[26-32], but due to the small size of the mouse it is technically
difficult to produce a normative irradiation dose. The hamster OM
model introduced by Stephen Sonis and colleagues revolutionized
the research of chemotherapy-induced mucositis, but the mucositis
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Figure 6: The buccal epithelium starting to show signs of epithelial atrophy
earlier than the lingual specimens, day 5 after irradiation, then progressing to
peak at day 9. Ulceration was visible from day 7 also peaking on day 9. Both
parameters then started to normalize, and had done so by day 13.

after a single fraction of 20 Gy irradiation. A) Control. B) At 5 days. C) At 7
days starting to show visible atrophy of the epithelial layer, D) At 9 days the
filiform papillae had disappeared, E) At 10 days peak of ulceration but also
early signs of healing, F) At 11 days, G) At 13 days epithelial hyperplasia, H)
17 days normalization of the mucosa.

Figure 7: Haematoxylin-eosin stained buccal specimens at different intervals
after irradiation. A) Control. B) After 5 days, signs of epithelial atrophy
started to show. C) After 7 days visible ulceration. D) After 9 days, a peak
of ulceration and epithelial atrophy. E) At 10 days, F) At 11 days, G) After 13
days, normalization of the epithelium without hyperplasia, as in the lingual
specimens, H) Normal appearance 17 days after a single fraction of 20 Gy.
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Figure 8: The different stains peaked at different times. PMN staining peaked
on day 5, while the different macrophage stains peaked on day 9 (ED1) and
11 (ED2). During the last days, there were even less macrophage and PMN
staining in the irradiated samples than in the controls. The mean peak of
ED1 staining was approximately twice that of ED2, and 3 times as much as
the PMN.

model induced by irradiating the everted hamsters’s buccal pouch
[33] is a more invasive approach than the one used here. Radiation-
induced glossitis in Sprague-Dawley rats has been studied earlier, most
likely because it is the most accessible sub-site in which to study OM
[34-36], but in agreement with other studies we found that radiation-
induced injuries of the lingual and buccal mucosa are not identical
[34,37]. This variability in OM between different subsites in the oral
cavity has not previously been fully elucidated. For instance by pulling
the tongue out of the mouth, using forceps, as in earlier studies on rat
[34], one risks injuring the tongue in ways other than just irradiation.
This might partly explain the longer duration of the mucositis. Li et al.
reported 35 days to complete healing, compared with day 17 in lingual
specimens in the present study. However, they used X-ray radiation
and a larger dose of 30 Gy compared with our dose of 20 Gy. The use
of a conventional high-energy linear accelerator (Varian Clinac 2300
C/D) in this study instead of X-ray radiation or radioactive plaques
also makes results easier to compare with the radiotherapy given in a
clinical setting. The weight loss of the animals in this study correlates
to the actual weight loss of patients undergoing radiotherapy for head
and neck cancer [38,39], which is a serious side effect affecting the
ability of the patient to tolerate the treatment. In the ethical guidelines
for animal studies, weight loss is considered a humane endpoint, but
has more and more been questioned as such since it is a late sign of
the lack of well-being for the animal [40]. In the lingual histological
sections, a hyperplasia of the epithelium was observed in the
aftermath of OM, these-called over-shoot phenomenon, also known
as epithelial keratosis [38]. In the buccal epithelium signs of epithelial
atrophy started to show earlier than in the lingual specimens, and
did not show epithelial hyperplasia during recovery. The ulceration
in the buccal mucosa was more severe and persisted longer than in
the tongue, and since it most probably corresponds to the ulcerative
phase of human mucositis it emphasizes the difference between
subsites within the oral cavity. A number of molecular differences in
the epithelium may occur between individuals, which might explain
why some individuals develop more severe OM than others, even if
treatment regimes are similar. The individual variability remains to be
elucidated and our animal model could be of further use in examining
the differences between individuals at the same irradiation-dose.
Earlier histological investigation of OM in humans has not revealed
an increase in granulocytes or other leukocytes, except for the M2
subtype of macrophages [41,42], which seems to be the most prevalent

doi:http://dx.doi.org/10.4172/2324-9110.1000145

inflammatory cell in OM. This has led to the conclusion in some
publications that OM might not even be an inflammatory disorder [9].
However, in this experimental rat model, we can see a marked increase
in both granulocytes and M1 macrophages preceding the increase in
M2 macrophages. Immuno histochemistry of the lingual histological
sections showed that polymorphonuclear cells are involved in the
induction of immune cell response. An early phase, 5 days after
irradiation, with a peak of PMN cells, was followed by a later phase
with an expression of macrophages, both M1 and M2, which peaked
on day 10. The different peaks of the number of inflammatory cells in
the irradiated tissue, as well as the subsequent low numbers of PMN
cells after the acute phase, pinpoint that inflammatory cells might have
an impact on the development of mucositis. These findings indicate
that inflammation elicited by irradiation is both part of the induction
as well as a down-regulatory repair phase of OM. The precise role of
PMN cells in irradiation-induced OM is still unknown. PMN cells
are generally considered injurious in mucosal inflammation. But in
radiation-induced colitis in mice, increased PMN chemo attractant
expression and subsequently higher PMN cell numbers were linked to
less tissue damage in mast cells-deficient mice [43]. Studies in SMAD3
knockout mice have reported a potential tissue protective role of acute
PMN cell influx in irradiation-induced tissue injury [44]. RT works by
directly damaging cellular DNA, which results in cellular apoptosis and
also inhibits normal cell regeneration. The apoptosis-generated debris
causes inflammation via numerous biomolecular cascades, including
Toll-like receptor signalling and NFkp activation, which in turn up-
regulate more than 200 genes where the gene products are involved
in tissue toxicity during radiation-induced OM [45]. Clearance of
these pro-inflammatory signals by M2 macrophages helps to down-
regulate the immune response, thus limiting the damage [46]. Poor
clearance by macrophages has been shown to contribute to a number
of both acute and chronic disease states [47]. The M1 polarization of
macrophages, which is known to develop by stimulation of interferon
gamma and lipopolysaccharide, applies proinflammatory and/or
microbicidal functions via the Th-1 cell-mediated immune response
[48]. However, excessive or prolonged M1 polarization leads to tissue
injury and contributes to pathogenesis [48]. On the other hand, M2
macrophages observed at late in the acute phase of mucositis have
immunosuppressive and tissue-repairing functions and play a critical
role in the resolution of harmful inflammation by producing anti-
inflammatory mediators [48]. Long-term effects of radiation, such
as mucosal atrophy and osteoradionecrosis, are reportedly related
to the severity of the acute radiation response [49]. It is therefore of
great importance that further research is conducted in this field in
order to extend our understanding of the mechanisms underlying RT-
induced OM and in order to develop new forms of prevention and
treatment. Identification of therapeutic targets and the development
of new treatment forms require well-validated and clinically relevant
animal models. To sum up: a novel model of OM in the Sprague-
Dawley rat using an irradiation-dose of 20 Gy has been developed that
permits quantitation of the degree of injury and the influx of various
immunological cells over time in irradiated tissue. The epithelial
reaction to radiation in rat was shown to vary between different
subsites of the oral mucosa. In rat tongue there was an initial increase
in PMN cells, followed by a much larger increase in macrophages,
where the wound-healing M2 macrophages peaked slightly later than
the general macrophage marker.Our model of OM may prove useful
for the evaluation of irradiation-induced mucositis in oesophagus and
larynx as well as for further elucidating the pathogenesis of mucositis
associated with radiation treatment of head and neck cancer, and also
to evaluate new forms of therapy.
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