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70 all the allogeneic HSCT patients who fiave been
part of this study—people struggling to [ight therr
disease; and while standing on the edge of medical
science, they were able to smile and shiow
unbpelievabtle courage.

Courage that could not fielp but insprre us all.






ABSTRACT

Allogeneic hematopoietic stem cell transplantaid8CT) is an effective treatment for
patients with a range of disorders of the immundtepoietic system. In HSCT
recipients, acute complications in the oral caaty common. They are related to the
disease itself, its treatment, the pre-transplatts of the oral cavity, and nutritional
problems during the neutropenic phase. As the teesafl treatment improve and
survival rates increase, not only cure of the disdaut also a variety of delayed side
effects become apparent that make the compromegeshprequire special oral care. In
order to improve the patient’s quality of life, glproblem must be solved. The aim of
this thesis was to investigate conditioning relatects on salivary function and on the
oral mucosa, and also the impact of other riskofactor salivary dysfunction and oral
mucositis in allogeneic HSCT recipients.

In patients conditioned with fractionated total padadiation (fTBI) or single-
dose total body irradiation (sTBI), we found th@Bf resulted in less reduction of
salivary secretion rate one year after HSCT thadsl,sdespite the higher total dose of
radiation. In addition, we found that risk factéos a low stimulated salivary secretion
rate (SSSR) one year after HSCT were sTBI and esitbpty of recipients for 3—4
herpes viruses. A cumulative increase in risk faatesulted in less salivary output.

We found no difference in long-term salivary funatiafter HSCT in 15-year-
olds who received conditioning with sTBI, fTBI, dwsulfan (Bu). There was a
negative correlation between age at conditioniny wi Bl and salivary function. This
correlation was not seen using fTBI or Bu. We disond a negative correlation
between total systemic exposure to Bu and the SE&Rale sex was a risk factor for
salivary dysfunction at 15 years of age after HSCT.

Comparing myeloablative conditioning (MAC) to redddntensity conditioning
(RIC), we found that MAC was associated with a kigprevalence of oral mucositis
(OM). Severe OM prolonged hospitalization. Theadtrction of a new intensive oral
hygiene protocol was associated with lower OM s@d the two scoring systems
used for grading of OM showed good correlation.\l¢e alentified several risk factors
for OM. In multivariate analysis, all donor-reciptegender combinations except the
female-donor-male-recipient situation and year rahdplantation—especially before
the year 2011 when oral care was intensified—wgsifgtantly associated with a
higher OM score.

In HSCT recipients, we found no difference in votumf gingival crevicular
fluid (GCF) before, during, or after HSCT. When ntoring pro-inflammatory
cytokines, we observed that cytokines are activatdtie GCF. Patients conditioned
with MAC or RIC had different patterns of pro-infianatory cytokines, both in GCF
and serum. There was a correlation between orabsitiscand an increase in IL-6 in
the serum. Finally, we found no correlations betw&gCF and serum levels of
cytokines at any time point.

In conclusion, both acute and long-term oral siffeces are common after
allogeneic HSCT. There is a lack of comprehensive effective oral management
regimens. By developing evidence-based recommemsatihat might improve the
appropriateness of clinical practice, the acutd complications might be reduced,



patient outcomes would be better, and cost-effectgs and quality of life would

improve.

Our findings also suggest that it is necessary @eehlong-term follow-up after

allogeneic stem cell transplantation because sonmildren will have permanently

reduced salivary function. These people may recad@itional preventive measures
throughout their lives in order to maintain propeal health.
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LIST OF ABBREVIATIONS

aGVHD Acute graft-versus-host disease

AML Acute myeloid leukemia

ANC Absolute neutrophil count

ALL Acute lymphoblastic leukemia

ATG Anti-thymocytglobuline

AUC Area under the plasma concentration time curve
BM Bone marrow

Bu Busulfan

cGVHD Chronic graft-versus-host disease

CB Cord blood

CML Chronic myeloid leukaemia

CLL Chronic lymphatic leukaemia

CMV Cytomegalovirus

CR Complete remission

CsA Cyclosporine

Cy Cyclophosphamide

DLI Donor lymphocyte infusion

EBV Epstein-Barr virus

fTBI Fractionated total body irradiation

Flu Fludarabin

GCF Gingival crevicular fluid

G-CSF Granulocyte colony stimulating factor
GVHD Graft-versus-host disease

GVL Graft-versus-leukemia effect

Gy Gray

HSV Herpes simplex virus

HLA Human leukocyte antigen

HSCT Hematopoietic stem cell transplantation
HSCs Hematopoietic stem cells

IL-1B Interleukin 1-Beta

IL-6 Interleukin 6

IL-7 Interleukin 7

IL-10 Interleukin 10

LFS Leukemia free survival

MAC Myeloablative conditioning

MDS Myelodysplastic syndrome

MTX Methotrexate

MUD Matched unrelated donor

NF-«B Nucleor factor kappa-light-chain-enhancer of\ated B cells
NCI-CTCAE NCI - Common Terminology Criteria For Aehgse Events
OM Oral mucositis

OMAS Oral mucositis assessment scale
PBSC Peripheral blood stem cells

RIC Reduced intensity conditioning



ROS
SAA
SSSR
sTBI
TBI
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Reactive oxygen species
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Single dose total body irradiation
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INTRODUCTION

well-established treatment for patients with a eangf disorders of the

immunohematopoietic system. During recent decaties survival rate has
steadily improved and what was earlier an experiatgherapy in patients with end-
stage leukemia is currently the treatment of chdaremany patients with severe
hematological diseases and immunological deficesci
When treatment results improve and survival ratesease, not only cure of the
disease but also a variety of delayed side effdmsome apparent. Acute
complications due to the treatment and long-terde @ffects because of impaired
immune defense are still a major problem to be exblin order to improve the
patient’s quality of life'?
The studies presented here focus on both acutdoageterm oral complications in
recipients with malignant disorders treated withridas conditioning regimens in
preparation for HSCT, and also children who havevigad for a long time after
undergoing different conditioning regimens.

A llogeneic hematopoietic stem cell transplantatid®CT) is an effective and

Allogeneic hematopoietic stem cell transplantation

HSCT is the transplantation of multipotent hemaiefo stem cells (HSCs) derived
from bone marrow, peripheral blood, or umbilicatccblood from a donor. Allogeneic
HSC donors must have a tissue human leukocyteesnfidLA) type that is compatible
with the patient. Even if there is a good matche tpatient will require
immunosuppressive medications to prevent graftugeh®st disease (GVHD).
Immediately before transplantation, the patientcamditioned with chemotherapy,
irradiation, or both, and also with immunosuppnesdherapy. Several weeks after
engraftment in the bone marrow, expansion of H3@stheir progeny is sufficient to
normalize the blood cell counts and reinitiateitheune system.

One of the first attempts to transplant bone mawas decribed as early as 1891 by
Brown-Sequard and d’Arsonaval, who treated a leukg@atient by oral administration
of bone marrowl.Over the years, other forms of administration viges.

The first intravenous infusion of bone marrow wag@med by Thomas et al. in 1957,
in a patient with end-stage leukemia, where these @vidence of engraftment of the
transplanted bone marro\iThe real breakthrough came, though, with the disgoof
the human leukocyte antigen (HLA) that enabled mats between donors and
recipientS. The first successful HSCTs were performed 196Batients with severe
combined immunodeficiency disorders, using HLA-iiteal donors.® The success of
HSCT was limited in the 1960s because of GVHD, atidmpts to prevent GVHD
were made by Thomas et al. in the late 1960s. Téssillted in evidence that



administration of methotrexate (MTX) could markekyduce the severity of this
complication in dogs.

The first successful HSCTs in the treatment of sevaplastic anemia using
genotypically HLA-identical sibling donors was refmal by a group in Seattle in
19721° In 1966, Santos and Owens reported that cycloptaosjse (Cy) was
effective against GVHD'! Conditioning with Cy and total body irradiation BIJ
were adopted in the conditioning regimens durirg 1B70s. In 1977, Thomas et al.
showed that a few patients with otherwise lethakésnia could be cured using
conditioning with Cy and TBI before HSCT from HLAéntical siblings?

In 1990, Professor E. D. Thomas received the NBbek in Physiology or Medicine
for his pioneering work in HSCT.

As necessary for the improved results as the desgoef HLA and the possibility of
enabling matching between donors and recipientstivasievelopment of means to
support the patient during the aplastic phase. Tiesame possible with the
introduction of new antimicrobial agents during #8¥0s and 1980s.

The human leukocyte antigen system

The human leukocyte antigen system is the naméefntajor histocompatibility
complex (MHC) in humans. The super locus contailssge number of genes related
to immune system function in humans. This grougesfes resides on chromosome 6,
and encodes cell-surface antigen-presenting potand many other proteins. The
proteins encoded by certain genes are also knowemtgens, as a result of their
historic discovery as factors in organ transplants.

HLAs are not typical antigens, like those foundsomfaces of infectious agents. HLA
antigens are alloantigens, which means that theybeathought of as an antigen that
Is present in some members of the same speciess bot common to all members of
that species. If an alloantigen is presented tember of the same species that does
not have the alloantigen, it will be recognizedfa®ign. The different classes of
major HLAs have different functions: HLAs corresparg to MHC class | (A, B,
and C) present peptides from inside of the cetlliding viral peptides, if present) on
its surface. If the antigens are foreign, theyaattlCD8- positive T-cells that destroy
the antigen-carrying cell. HLAs corresponding to ®lidlass Il (DR, DM, DP, DQA,
and DQB) present antigens from outside of the ¢ellT-lymphocytes. These
particular antigens stimulate the multiplication ®fhelper cells, which in turn
stimulate a specific antibody-producing B-cell. Thaarticular clone becomes
expanded and produces antibodies to the specifittgesm Self-antigens are
suppressed by regulatory T-cells. Any cell displgysome other HLA type is “non-
self” and an invader, resulting in rejection of ttedls bearing that HLA and of tissues
containing these cells.

Apart from the genes encoding antigens, a largebeunrof other genes are located on
the HLA complex, many of which are involved in imneufunction->

Diversity of HLAs in the human population is ongast of defense against disease,
and, as a result, the chance of two unrelated idais having identical HLA
molecules at all loci is very low. Because of thmportance of HLA in
transplantation, the HLA loci are typed by serolagyby polymerase chain reaction
(PCR) before HSCT, to find as perfect an HLA-mattharelated donor as possible.



Cancer and metabolic disorders treated with hsct

Indications for HSCT include (1) first complete tisgion (LCR) in patients with acute
myeloid leukemia (AML) and (2) patients with aclyenphoblastic leukemia (ALL)
with features associated with poor response to extional chemotherapy. More
advanced stages of leukemia are also indicationdH®CT. Other indications for
patients with hematological malignancies includeeloglysplastic syndrome (MDS),
high-risk lymphomas, and chronic lymphocytic leuker(CML).***® Severe aplastic
anemia, other hemoglobinopathies, and some ramringrrors of metabolism, where
HSCT can provide the missing enzyme, can also bedcwr the disease progression
may be stopped, by HSCT HSCT has also been used in patients with metastati
solid tumors because of the well-known anticanffeceof this therapy, but the place
of HSCT in this treatment needs to be establishetieér®

Conditioning regimens

To eradicate malignant cells and to suppress tis inimune system, conditioning
therapy is given before transplantation. The camuitg regimens differ depending on
the patient’s diagnosis, age, and general meditiss(Table 1).

Myeloablative conditioning

In patients with hematological malignancies, thmsaof myeloablative conditioning
(MAC) are (1) to eradicate the malignant cells, t(2provide space for the transplant,
and (3) to obtain immunosuppression in order toueghe patient from pancytopenia
and toxic side effects of the graft.

The two most commonly used MAC regimens are cyadsphamide (Cy) (60 mg/kg)
for 2 consecutive days followed by total body iredidn (TBI) given as single or
fractionated dose€$:>?*As an alternative, busulfan (Bu) (4 mg/kg/daypigen for
four consecutive days followed by Cy (120-200 myfRG® To prevent relapse, more
intensive conditioning has been used. With thismeg, a lower relapse rate was
achieved—but also more toxicity—and the leukemggefsurvival was found to be the
same in patients conditioned with standard MACmegis>® 2’

For patients with severe aplastic anemia, Cy (5(kg)an 4 consecutive days with or
without anti-thymocyte globulin (ATG) is commonlged for conditioning® Patients
with inborn errors of metabolism are generally dboded with Cy combined with
BU.29_30

Reduced intensity conditioning

The standard MAC regimens have been challengeadiyced intensity conditioning
(RIC) in recent years. RIC is now used more oftea aneans of achieving some level
of initial donor chimerism without the organ toxicitypically associated with
conventional conditioning regimens as MAC"* The idea behind RIC is that the
conditioning serves to induce immunosuppressionpave the way for donor stem cell
engraftment. If patients with hematological maligcias have relapse, donor
lymphocyte infusions (DLIs) are given to inducerafgversus-leukemia effect (GVL)
of the immunocompetent cells in the graft*



Studies comparing the intensity of the conditionifagimens have shown that RIC is
associated with lower transplant-related mortabiyt higher risk of relapse. The
balance of these two factors has resulted in sinaleerall survival with RIC and
MAC.****Not only the higher risk of relapse, but alson@rbidity and mortality from
GVHD remains with RIC. Another disadvantage of gsRIC is the increased risk of
graft failure. This less toxic approach enablesgpdantation in elderly patients and
patients with organ impairment who can not tolefate MAC but also in younger
patients were strategies to decrease relapse neéded.

A large variety of RIC regimens are used; mosth&fi include fludarabine (Flu)
combined with other cytotoxic drugs such as Bu,pimallan or Cy. One of the most
commonly used RIC protocols was suggested by Skavthco-workers, and consists
of Flu (30 mg/m) for 6 consecutive days followed by 2 days of oral(B mg/kg/day)
and anti-T-cell immunoglobulif?

Table 1. Differences between the two different conditioning regimens: myeloablative conditioning (MAC)
and reduced intensity conditioning (RIC).

MAC

RIC

Aim

Indications

To eradicate malignant cells and provide
space for the transplant.
To obtain immunosupression.

Young patients with no other organ
impairment.
Patients where relapse is not wanted.

Lower risk of relapse.
Lower risk of graft failure.

Increased toxicity.
Higher TRM.

More GVHD?
Similar LFS as RIC.

To induce immunosupression.
To pave the way for donor stem cell
engraftment.

Elderly patients.
Young patients where strategies to reduce
relapse are not needed.

Less toxic
Lower TRM.
Less GVHD?

Higher risk of relapse.
Higher risk of graft failure.
Similar LFS as MAC.

GVHD, chronic
survival.

graft-versus-host disease; TRM, transplantation-related mortality; LFS, leukemia-free

Total body irradiation

Total body irradiation as conditioning for HSCT wagroduced in the 19505.

Regarding myeloablative conditioning regimens, éhare three objectives of TBI in
HSCT of patients with leukemia. The first objectigeto provide adequate immune
suppression to prevent rejection of the donor piams. The second is to provide
physical space for donor stem cells to engrafhoalgh it is now doubted if space is
needed (personal communication Olle Ringdén, Kaské Institutet), and the third
objective is to eradicate malignant céfigotal body irradiation is administered in one



single session, or fractionated over several dByBI) together with one or several
myelosuppressive or immunosuppressive drtigsWhen the fractionated technique is
used, the total dose can be increased relativieetsihgle-dose technique. The higher
total dose that can be achieved with fTBI allowsager mortality of leukemic cells and
lower doses per fraction reduce the morbidity immal tissue, resulting in reduction of
negative side effectS:****Before 1998, fTBI was seldom used at our centre.

The dose rate is important for the outcome of teattnent. A higher dose rate will
give rise to more pronounced and more frequent siradde side effects. If the dose
rate during single-session TBI with 10 Gy is inseh from 0.04 to 0.07 Gy/min,
increased mortality due mainly to septicemia andmpunary complications was
observed?

Some structures in the body, such as the lungsnare sensitive to radiation, making
it necessary to protect them during the irradiativacedurd? This is achieved by
shielding of the lungs during the irradiation prdaee. The mean dose rate during the
entire treatment is needs to be tolerdbfé.

There are also differences in the doses absorbediffeyent organs, depending on
inhomogeneities in body structures, differenceshin density of different structures,
and the direction of the radiation be&M’ The position of the patient and the direction
of the beam thus influence the doses absorbedrtigyar organg?

The effect of sTBI compared to fTBI on salivaryrgla and salivary secretion has not
previously been studied.

Busulfan

Busulfan (Bu) together with Cy is an alternativeditioning regimen used to avoid the
detrimental effects of radiation on growth and c&mervous system developméhtn

a randomized study it was observed that Bu inctedlke risk of veno-occlusive
disease of the liver, hemorrhagic cystitis, chr@dBWHD, obstructive bronchiolitis, and
permanent alopecia compared to TBI.

A significant problem with oral Bu is the wide inggatient variability in
pharmacokinetics depending on unpredictable im@aistiabsorption, age, and
metabolisni? By analyzing Bu plasma concentrations, it has h#®erved that high
area under the plasma concentration time curve (Ad@relates with increased
toxicity, mainly hepatic veno-occlusive disease aedures, and a low AUC results in
a higher risk of graft rejection and rela8&/oung children have a lower systemic
exposure than adults if given identical doses obBsed on their body weigfft.

Bu is distributed equally to saliva and to plasraagd therefore salivary glands are
exposed to high concentrations of an alkylatingnader four days* Monitoring of
blood levels of Bu followed by dose adjustment thiave a targeted steady-state
concentration is important to reduce toxic sidect.

The effect of Bu on oral side effects such as mitisand salivary secretion has not
previously been studied.

Donors

In most cases, the best donor for HSCT is an Hlexidtal sibling, which is
available in approximately one third of all patenDuring the last decades, HLA-
matched unrelated donors (MUD) have been used rnecriently>*>® About 15
million registered volunteer donors are availablerldwide today. With genomic



typing for HLA class | and I, it is possible tanfi a well-matched, unrelated donor
for most patientd®™>® Improved tissue typing and better matching hawailted in
improved outcome using unrelated dondrs.

Stem cell sources

For several decades, bone marrow (BM) aspiraten tiee iliac crest of the donor
was the main source of hematopoietic stem cellgrémsplantatior® During the last
decade, granulocyte colony-stimulating factor (G-C#obilized peripheral blood
stem cells (PBSCs) are increasingly being used lew@ now replaced BM as a
source of stem cells for many patients with henoafobhl malignancied>®
Advantages of using PBSCs instead of BM includetli#) fact that no anesthesia is
needed for the donor, (2) faster engraftment inréogpient, and possibly also (3) a
reduced risk of leukemic relapse. The data on th&bgbility of relapse are
conflicting. One disadvantage of using PBSCs irtst&aBM is an increased risk of
cGVHD, which may be due to that grafts of PBSCheathan bone marrow contain
a several-fold higher content of nucleated celB3€ cells, natural killer cells, and
especially T-cells®°®> Because of the increased risk of cGVHD, PBSCsnate
recommended for patients with non-malignant dis@rdecause these patients do not
benefit from cGVHD and the associated graft-velsukemia effect. Furthermore,
children and young adults appear to do betterey tleceive BM instead of PBSCs as
the source of stem cells from HLA identical siblidignors>°

Banks of cryopreserved cord blood (CB) have beéabbshed as an alternative to
BM or PBSCsY® A potential advantage is the rapid availabilityd @ relatively
deficient in mature T-cells; there is thereforeoavér risk of GVHD, and HLA
matching does not need to be as stringent as vwittaBd PBSCs. The use of CB is,
however, associated with slower engraftment, areased risk of graft failure, and
more infections compared to other sources of stta Table 2).

Table 2. Comparison of different sources of stem cells. CB requires less stringent HLA matching (+) than
BM (+++). Engraftment is faster with PBSCs (+++). The risk of relapse is approximately the same in all
sourses. The risk of cGVHD is higher with PBSCs (+++) than with BM (+) and CB (+), and the risk of graft
failure is higher with CB (+++) than BM.

HLA match Engraftment Relapse cGVHD Rejection
BM +++ ++ ++ + (+)
PBSCs +++ +++ +(+) +++ (+)
CB + + ++ + +++

HLA, human leukocytes antigen; cGVHD, chronic graft-versus-host disease; BM, bone marrow; PMSCs,
peripheral stem cells; CB, cord blood



Supportive care

As a result of myeloablative conditioning, all gatis become pancytopenic and
consequently susceptible to infections and otheictside effects. Also, after RIC
patients become cytopenic. Transfusions of eryiiesc and platelets are given
prophylactically®® During this period, patients are kept in revergsation or in
home caré*® Despite this, infectious complications caused agtéria, viruses, and
fungi are common shortly after HSCT and are treatecbrdingly. Hematopoietic
growth factors such as granulocyte macrophage gedtmulating factor (GM-CSF)
are used to accelerate neutrophil recovery andftibpesduce the risk of infectioff.

A major concern with the use of G-CSF is the inseehrisk of GVHIY' Impaired
defense mechanisms and oral mucosal lesions posdighe patient to local mucosal
infections that can be hazardous for the outcom&®CT. Support in oral care,
careful monitoring of the status of the oral caviand early detection of oral
infections are therefore important.

Infections

During the aplastic period after HSCT, bacteremith w-streptococci and coagulase-
negative staphylococci is commBhinvasive fungal infections occur in 10% of
patients, and they are especially common in paievith severe GVHD. Viral
infections, particulary reactivation of herpesvsscommonly occur after HSCY.
Herpes simplex viruses often reactivate during plaacytopenic phase, but are
manageable using prophylaxis or treatment with lagyc A major cause of
morbidity and mortality is reactivation of cytomégarus (CMV), which may cause
pancytopenia, hepatitis, gastroenteritis, or lifeeitening pneumonitiS. CMV
infection also causes profound immunosuppresSiorhis may pave the way for
other bacterial and fungal infectiofSCMV infection is most commonly caused by
reactivation of latent CMV in a CMV-seropositivetigat, or after transmission of
CMV from a CMV-seropositive dondF. Prior to transplantation, it is important to
determine the serology of patients and donors deggrthe four most common
herpes virus [herpes simplex virus (HSV), EpstearrBvirus (EBV), CMV and
varicella zoster virus (VZV)].

Immunosuppression

Immunosuppressive treatment/prophylaxis is necgssar prevent GVHD. The
purpose of the GVHD prophylaxis is to reduce thactwity of transplanted
immunocompetent T-cells without destroying the steplls necessary for the
engraftment. Methotrexate and Cyclosporin (CsA) @ften used in combination or
alone’*"Side effects of MTX include neutropenia, mucostisd liver toxicity. Side
effects of CsA are nephrotoxicity, tremor, gingitigberplasia, and hiruitisff Other
regimens include the addition of prednisolone té\@sd MTX or replacement of
MTX with prednisolone.

An effective way to prevent GVHD is T-cell depletidut that may increase the risk
of graft failure and leukemic relap5&’®

Tacromilus, which is a calcineurin inhibitor likes&, has been used in combination
with CsA. In recent years, tacromilus has been d¢oetbwith sirolimus, a macrolid
immunosuppressant, which has resulted in low imzideof acute GVHD®®
Common side effects of sirolimus are hypertrighjgemia, mild reversible
cytopenia, and edema.



ATG is also used as an immunosuppressant in HSAGX yeduces the risk of acute
GVHD and transplantation related mortality in uatetl donor transplants.

Graft-versus-host disease
Acute graft-versus-host disease

Acute graft-versus-host disease (aGVHD) is onehefrhajor hazards in HSCT®
Donor T-cells trigger aGVHD after activation by i@ent HLA antigens. Antigen-
presenting cells present the alloantigens to helpeells, which release IL-2 and
activate cytotoxic T-cells, inducing killing of HLAlass I-positive target cells.
Natural killer cells and macrophages participatethe reaction. HLA disparity
between recipient and donor is a major risk fatdoaGVHD. Other risk factors are
transplantation from a female donor to a male fenip seropositivity for several
herpesviruses in the recipient and donor, certaipA Halleles, and the host
environmenf®>®® The main target organs for aGVHD in humans areskie, the gut,
and the liveP*®” It generally appears during the first 3 monthemfSCT and is
graded on a five-point scale from 0 to IV. Thetfiirse treatment for aGVHD is high
doses of steroid€.When this treatment fails, the outcome is poor.

Chronic graft-versus-host disease

GVHD may also appear in a chronic form (cGVHD), ethgenerally appears from 3
months to 1 year after HSCYRisk factors associated with cGVHD include previous
aGVHD, high donor or recipient age, PBSC graftnsm@antation from a female
donor to a male recipient, CML, and seropositi\fily several herpesviruses in the
recipient or donof?®' The manifestations of cGVHD include skin disease,
keratoconjunctivitis, generalized sicca syndromggl desions, esophageal and/or
vaginal stricture, malabsorption, pulmonary iniéicy, and immunodeficienéy:®
Infections with gram-positive bacteria are commaoil anay cause septicemia. The
classification of cGVHD can be mild, moderate, evere according to the judgement
of the treating physiciaf?:* This classification correlates with the clinicaltcome

in the patient.

Graft versus leukemia effect

The ability of the immune system to control canemost evident in the graft-
versus-leukemia effect seen after HSCT>**Patients with GVHD, and especially
cGVHD, have a lower risk of relapse than patientthout GVHD. There is also a
graft-versus-leukemia effect after HSCT in patientshout GVHD>**° A graft-
versus-leukemia effect may be induced by decreagisgimmunsuppression and
discontinuing immunosuppression within 3 monthsraftSCT.

Immune reconstitution

After HSCT, patients suffer from a deficient immuystem for 12 months or longer.
They have an increased risk of infectious compgheat and may develop secondary
malignancies. Immune recovery is linked to histopability and GVHD.
Immunosuppression is necessary to reduce recipiedl reactivity against minor
and major histocompatibility antigens of the dorormunity against viral, bacterial,
and fungal antigens is also impaired. The cellutlamune system is deficient and
immunoglobulin levels are reducéd®’



General complications following hsct

Acute general complications after HSCT are rejectio’ infections:®** acute

GVHD,'? relapsé® feeding problems, malnutritidfi? nausea, vomiting, and
psychological problem$> Following TBI, several patients experience re\seshair
loss, parotitis, pancreatitis, diarrhea, erythemyperpigmentation or mucositis.
Among the long-term complications of treatment W#BCT are cataract formatioff;
97 pulmonary insufficiency® renal dysfunctiont?® affected cardiovascular systéfi,
chronic GVHD®** dysfunction of the immunological system, and iase risk of
secondary malignant disedsé'® Amongst the neurophysiological changes in
children such as retarded motor developm¥tthere can be a reduction in 1Q scbre.
Endocrinological sequelae of childhood HSCT hage &leen observed sometimes
resulting in height reductioft! disturbed timing of onset of puberty*#*'°and
changed craniofacial developméftt.

Current results

Today, more than 200,000 HSCTs have been perfownddwide, with an annual rate
of around 20,000 transplants, and the results Heeen, and still are, improving
continuously?>*?*1??More than 60% of patients become long-term sursit’d

Relapse of malignant disease is the most commosecatll treatment failure after
HSCT. The risk is related to the diagnosis, disatage at the time of transplantation,
and the type of conditioning. Furthermore, with eeffective immunosuppression the
risk of relapse increases. Combined efforts to awproutcome after HSCT have been
very effective. Although older patients with momvanced disease are being treated
and more alternative HLA non-identical donors asedy the overall survival and
transplantation-related mortality (TRM) have impedv The problem of relapse still
has to be remedied, even though significantly loWeM and improved survival after
HSCT has been observed in recent y&drs.



ORAL COMPLICATIONS

include soreness of the mucosal membranes, infestipain, changes in taste
sensation, salivary gland dysfunction, and xerogofhe acute complications
are related to the pretransplant status of theaanaty and nutrional problems during

the neutropenic phase, and may interfere with iisatment and the engraftméfit.

I n HSCT recipients, acute complications in the aravity are common and

Approximately 80% of children treated for cancecdmae long-term survivorg’
Long-term side effects include (amongst othersivaat gland dysfunction, growth
anomalities, and graft-versus-host disease, andenth& compromised pediatric
patient require special oral car&*?°

Acute oral complications

Except for systemic side effects such as vomitieger, infections, and acute GVHD,

many patients report the oral and pharyngeal tssagesites for major problems during
the neutropenic phase after HSCT. The oral casitseported to be one of the most
common sites of complications after HSEf*°Chemotherapy and TBI may induce a
complex sequence of biological events and als@ t@actions in the oral mucosa, with
subsequent development of mucosal lesions. Thatemmdg procedures also result in

a low immune defense and altered microbial coldimraof the oral cavity.

Treatment with immunosuppressive drugs to prevaftid may further aggravate the

lesions in the oral mucosa, and increase the figkicrobial dissemination into the

circulation®!

Alterations in the quality of saliva, reduced sativflow, and an impaired swallowing
mechanism due to pain also promote colonizatiorpaientially pathogenic gram-
negative bacteria. Changes in secretory immunogiol#u because of reduced total
saliva volume may reduce the antimicrobial actiwfysaliva. Antimicrobial therapy
with subsequent alterations in the indigenous flalso facilitate colonization by
exogenous microorganismis. >*

The alteration in the oral environment and the imoswppressive status of the patient,
with low numbers of neutrophils, can lead to micgamisms entering the
circulation'® The risk of local and sometimes life-threatenirygtamic infections
derived from the oral cavity is therefore high i®ET recipients immediately after
HSCT.]'36_137

The side effects of HSCT in the oral cavity areexignced by the patient as being very
uncomfortable and painful and they often necessitaal parenteral nutritioff®*®

Many conditioning regimens have been used, buinglesregimens have been shown
to be superior. It is necessary to evaluate theamnpf different conditioning regimens
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and other risk factors on the oral side effetle effect of conditioning with high dose
compared to reduced dose chemotherapy on oral itiscws allogenic stem cell
recipients has not previously been investigated.

Long-term oral complications

The prevalence of long-term oral complications haen reported to vary between
60% and 100% in patients treated with HS&TThe long-term oral complications
are related either to the disease process, thespleant immunobiology, or the
transplant-preparative regimens. The conditioniegimen used also influences the
number of secondary complications. The long-teral complications can seriously
affect the patient’s quality of life. Frequentlypaeted long-term oral complications
are: salivary gland dysfunction, gingivitis, perodal involvement, taste acuity,
gingival hyperplasia, and oral ulcéf8.There is also an increased risk of secondary
oral malignancies both in patients with and witho@VHD ***

Salivary gland dysfunction has been reported séyeras after pediatric HSC'f? If
salivary dysfunction is a permanent condition faflog pediatric HSCT, this is an
important information for dentists responsible fioe oral care of these patients. To
optimize the preventive treatment procedures, anehtible further improvements in
oral health, quality of life, and well being, it iimportant to register changes in the
secretion rate of saliva during and after the Hp@iXcedure.

Impaired root development has been reported in @®4l of the pediatric
patients-**'*2 Enamel hypoplasia has been found in 25-42% ofapediHSCT
recipients, microdontia in 68%, and dental aplasi®8%?®!*? Craniomandibular
dysfunction, including reduced mouth opening arghglation movement of the
condyles, with subsequent muscle pain and headaches been reported in 84% of
pediatric HSCT patients as compared to 54% of hgalontrols'®® Oral ulcers have
been reported in 37% of pediatric HSCT recipiéfits.

Oral mucosa

The skin and the mucosal membranes are the fimstdf defense. The epithelium of

the mouth can be divided into three categories:il{&)masticatory mucosa, with a

para-keratinized stratified squamous epitheliunantbon the dorsum of the tounge,
the hard palate, and attached gingiva, (2) thendinmucosa, a non-keratinized

stratified squamous epithelium found almost evesselelse in the oral cavity, and

(3) the specialized mucosa, found specificallyhia tegions of the taste buds on the
dorsum of the tongue.

The oral epithelium is composed mainly of keratytes, but melanocytes and
immunocompetent cells also reside within the opathelium. The keratinocytes are
renewed by proliferation of immortal stem cells time basal layer and the cells
differentiate into mature keratinocytes higher wupthe epithelium. The renewal
turnover rate has been estimated to be 10-14 daysrmans? The cells are active

in the recognition of antigens and signaling toenhdng tissue, and also in receiving
signals from these tissues. Several cytokinesnm@hied in this proces$**4

The basal lamina underlies all epithelium, sepagaéipithelial cells from underlying
connective tissue. The basal lamina influences nfiangtions, e.g. cell metabolism,
differentiation, and migration.
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The submucosa is the layer of dense irregular ativeetissue or loose connective
tissue that supports the mucosa, and that joinsnileosa to the bulk of underlying
smooth muscle. In the submucosa blood vessels Hgtigovessels, and nerves can be
seen—all of which supply the mucosa.

The innate immunity often provides the first reastiafter an antigen challendfg.
Macrophages are normally found in the lamina peopfithe mucosa. Dendritic cells
of the adaptive immune system are found mostlyhm dtratum basale and in the
lamina propria of the connective tissues. In hegalthdividuals, the mucosal
membranes are also protected against infection®idiylity, e.g. the swallow reflex
and secretion.

The mucosal membranes are easily damaged by cherapthand radiatiot®*%°
The epithelium and the immune system constitutelectve barrier system in the
oropharyngeal and gastrointestinal tract, as dbesbacterial equilibrium of these
sites. If one or more of the barrier functions affected, it may give rise to severe
local or systemic adverse effects. A lesion in ¢dh@ mucosa consists of a break in
the first line of defense, which will make the pat predisposed to local and
systemic infections derived from the oral cavityCytotoxic drugs affect malignant
cells as well as normal cells with a high turnosage, causing an impaired capacity to
induce immune defense reactidi$Tissues that are constantly renewed are thus
likely to be affected by cytotoxic drugs. In thebcavity, cells of the epithelium and
many cells of the immune system—as well as baetenave a high turnover rate.
Sensitivity to the anti-neoplastic agent 5-fluommil, for example, varies depending
on the tissue the macrophages, dendritic cells, Tacells reside in. This may be due
to differences in cell origin or in antigen lo&d.

The main goal of cytotoxic drugs is to cause aallny, leading to death of tumor
cells. Apoptosis is a normal physiological procesgroliferating tissues, balancing
mitosis in the maintenance of tissue homeostasidowever, apoptosis can also be
triggered in a cell by a distorted gene, as annisitt suicide process to dispose of
cells with potentially dangerous gene mutationsdigtorted gene in a potentially
malignant cell or a virus-infected cell is discaerat cell-cycle checkpoints during
proliferation. If the DNA in the cell cannot be eaped, the intrinsic cell death
program is induced via the protein p53 and caspatieation*>° Cytotoxic insults
such as radiation and chemotherapy may also kilé ¢brough apoptosis. During
treatment with cytotoxic drugs, the drug is concaed in proliferating cells. New
gene damage is created within the proliferating) @edl it may go into apoptosis. In
this way, the drug can assist the body in disposfrgalignant cell$>°

Oral microflora

The oral cavity normally harbors a complex micradl@onsisting of more than 400
different bacterial species. The microflora is cosgd of both aerobic and anaerobic
microorganisms, were the anaerobes outnumber tobeseby a factor of 182 The
normal microflora is important for the local oratimune defense through its ability to
compete against other potential pathogéhsln immunocompromised patients,
infections frequently occur as a consequence ofaireg defense mechanisms.
Colonization resistance is dependent on the cotigretietween the normal anaerobic
microflora and potential pathogens for space andritiom on the mucosal
membrane$®***? The microorganisms isolated from infections in HS@Eipients
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either belong to the patient’s indigenous orophgegahor gastrointestinal microflora or
they are acquired from the hospital environmenanGnegative aerobic rods and fungi
are the microorganisms most frequently isolatéd>*

Oral mucositis

In describing the changes in the oral mucosa atiogl to cancer treatment, a widely
used expression is oral mucositis. The criteriadusgh this expression are not
always defined, however, and the term oral mucgiM) may cover different signs
and symptoms in different studi&8:**’ It would be more adequate to define the oral
mucosal lesions according to their etioldgyMucosal lesions in the neutropenic
HSCT patient result from epithelial damage due be fcytotoxic effects of
chemotheraphy and radiation as well as from supalforopharyngeal infection,
mechanical trauma, GVHD, and hemorragtfés® To reduce the severity of oral
mucosal lesions, several studies has been perfobutedo method or drug has been
shown to be superior. Palifermin, a recombinant &urkeratinocyte growth factor
(KGF), is currently the most effective drug, butistexpensive. KGF reduces the
incidence and duration of severe OM by protectialiscthat line the surface of the
mouth and intestinal tract, and stimulates the ¢gnosé new epithelial cells to build
up the mucosal barrier. The problem of oral mucdesions during the aplastic
period, especially after myeloablative conditioniatyll remains.

For patients treated with chemotherapy or TBI, Odgibs around 3-5 days after drug
infusion and has been shown to worsen until a psaleached. It then declines
gradually until it is completely resolved after appmately 2 weeks. The onset and
duration of mucositis reflects the course of nequeroa (Figure 13°® About 60—-100%
of HSCT recipients are reported to be affec¢téd®

Leukocytes

Toxicity of conditioning

4 0 +7 +14
———
Conditioning ﬂ Cytopenia ﬂ
HSCT Engraftment

Figure 1. Toxicity expressed as oral mucositis in relation to neutrophil number.

Oral mucositis is characterized by direct cell igjumediated by chemotherapy or
radiation. More specifically, it is a consequendeaacomplex cascade of biological
events starting with clogenic cell death and tHease of reactive oxygen species,
progressing through a series of steps in whichobiohl pathways are activated and
amplified, and culminating in ulcer developmé&tt.
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Pathobiology of oral mucositis

In an attempt to describe the pathobiological msceSoni¥? has proposed five
phases. In the first phase—theitiation phase and during the primary damage
response—radiation and chemotherapy directly inidi&A and cause strand breaks,
resulting in clonogenic death of basal epithelgllsc Reactive oxygen species (ROS)
generate and initiate a series of interacting lgick events. A number of transcription
factors such as NKB, Wnt, and p53 are activated. Chemotherapy anidtrad can
directly activate NR«B and it can be activated indirectly by ROS. Amdhg 200
genes whose expression is governed byBI&re those associated with the production
of molecules that are known to be active in theh@génesis of OM, including
upregulation of key cytokines such as tumor nesrtagitor alfa (TNFe), interleukin-

1B (IL-1B), and interleukin-6 (IL-6). Apoptosis is an impt consequence of the
effect of NFkB in normal cells. Radiation and chemotherapy aéiect other
pathways that lead to indirect cell death. All loéde processes begin within seconds
after administration of radiation or chemotherapyt there is a lag between the
damage at the cellular and molecular level andliheal manifestations (Figure 2).
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Figure 2. The pathobiology of mucositis described as a five-stage process. The key biological processes
associated with the pathogenesis of oral mucositis can be arbitrarily divided into five stages: initiation (1),
the primary damage response (messages and signalling) (1), amplification (ll1), ulceration (IV), and healing

V).

In the second and third phases, slgmalling phase and theamplification phase, many

of the molecules induced by the primary responsstipely or negatively feed back
and alter the local tissue response. TNF may fee#d positively on NB to amplify

its response, and initiate mitogen-activated pnatéiase signalling. As a consequence,
this will inhibit intermittent resolution and lead ulceration.

Ulceration is the major event associated with OM and is desdrby Sonis as the
fourth phase. Prevention of ulceration can minimuaen, risk of infection, use of
feeding tubes, and the length of hospital staysetdtion develops as a consequence of
the direct and indirect mechanisms noted abovesimgudamage and apoptopic
changes to mucosal epithelium. Mucositis ulcersdaep, and oral bacteria quickly
colonize them. The bacteria on the surface of therware active contributors to the
mucositis process. Microbial cell wall products gieate into the submucosa, now rich
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in macrophages, to stimulate those cells to furtleerete pro-inflammatory cytokines.
In granulocytopenic patients, there is a risk that bacteria will invade submucosal
vessels and induce bacteremia or septicemia.

The fifth phase is thehealing phase. The majority of cases of mucositis heal
spontaneously. Ulcer resolution is the result ofaative biological process in which
signaling from the submucosal extracellular magyides the proliferation, migration,
and differentiation (Figure 3).

Normal clinical
appearance
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Generation of ROS

|
! ¢
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v
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Figure 3. Diagram illustrating the mucosal and clinical changes that lead to mucositis according to the
current hypothesis. The five overlapping phases are demonstrated as; initiation (1), upregulation and
message generation (ll), signaling and amplification (ll1), ulceration (1V), and healing (V). Adapted from

Logan et al.*®®

The pro-inflammatory cytokines involved are thougghplay an important role in the
overlapping phases of mucositis development, itiqudar upregulation and message
generation, signal amplification, and ulcerationffddent drugs act through different
pathways, though, and by themselves they may pmemotinhibit different pro-
inflammatory cytokines®

Suggested risk factors for OM during cancer treatmary and often reflect the
modality of treatment, the type or dose of chemming or combinations of drugs. The
use of MTX for GVHD prophylaxis has been shown ®® dssociated with a high
severity of OM'® Patients with grafts from unrelated donors are midely to
experience severe OM than those who receive giafts related donor¥> Other
predisposing factors are acute myelogenous leukemeiate lymphocytic leukemia,
myelodysplastic syndrome, and prolonged neutrogubvery. Patient-related factors
such as age, systemic disease, and local mucesaisanay also affect risk®
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The clinical and economic impact of oral and gastestinal mucositis has been
shown to be high®’ Severe OM may prolong hospitalization, requireepgeral
opiods for pain control, interfere with oral nuwit, and limit oral hygiene and/or
speech. In patients who experience more severe M df WHO grade 3-4),
approximately 35% will have a delay in chemother&®?o will have a reduced dose
of chemotherapy, and 30% will have the regimenafisoued'®®

Gingival crevicular fluid

The gingival crevicular fluid (GCF) is a serum-ded transudate or inflammatory
exudate that can be collected from the gingivaticeesurrounding the teeth (Figure 4).
GCF contains substances from the host and fromomniganisms in the subgingival
and supragingival plaque. Constituents from thé imatude molecules from blood and
contributions from cells and tissues of the penudnon. The latter includes the
vasculature, epithelium, connective tissues, afldnmmatory and immune cells that
have infiltrated the periodontal tissues. Amongithportant host-derived constituents
are markers of inflammation, including cytokinesd aenzymes. Products of tissue
breakdown can also be detected in the GEF.

The volume of GCF present at a given site may bectly related to tissue
inflammation, permeability, and the nature and naitten of the crevicular epithelium.
Sites characterized as being moderately or sevaridyned have a greater volume of
GCF than less inflamed sit&8.

The analysis of specific constituents in the GCévjoles a quantitative biochemical
indicator for the evaluation of the local cellutaetabolism. GCF can also be analyzed
to determine whether specific markers of systernseate can be identified in the oral
cavity®® Increased levels of pro-inflammatory cytokinesSi8F have been reported in
obese individuals reflecting the elevated levelsarunt-"*

Furthermore increased cytokine levels are congiddme be potential tools for
predicting mucosal damage because of the time reamist between detectable serum
changes and mucosal damaffeCertain key cytokines are, as described above,
important in the development of OM as radiation ahdmotherapy induce activation
of those cytokines within the mucosa. If levelgh@se cytokines are measurable in the
GCF has not been investigated before.

The most common clinically applicable method used the use of precut
methylcellulose filter paper strips. The fluid ibsarbed by the strip, which is first
placed in the sulcus and then eluted and analyi#@d. method offers a non-invasive
means of assessing the host response in GCF. li¢restrip method can be time-
consuming, though, and the technique is sensifikie. sample must be relatively free
from plaque and not contaminated with saliva oodlorhe strip must also remain in
the sulcus for a long enough time to absorb anwategsample of fluid. Sampling of
GCF often involves collection of the entire voluwfefluid at the sampling site. This
volume varies from one tooth site to another tositle, Lamster et al. therefore
developed an approach to GCF sampling that staizéarthe time of collection and
reports the data as the total amount in the tiraetpe!®
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B = bacteria
D = degradation products:
- E = epithelium
F = fibroblasts
N = neutrophils
OC = osteoclasts
S =serum

Figure 4. Gingival crevicular fluid is composed of substances derived from serum, leukocytes, bacteria,

activated epithelial cells, connective tissue cells, and bone cells. Adapted from Uitto.*"

The oral mucosa in cGVHD

Chronic GVHD presents with a spectrum of disordiees may change with the length
of time after transplantation. There is oral inashent in 80-90% of patients with
extensive chronic GVHEF In the oral cavity, typical lichen planus-like ptions are
generally found and can range from fine white td#ic striae on the buccal mucosa to
large plaques on the buccal surface or lateralcagiehe tongué’**"In other forms,
such as lupus erythematosus-like lesions, ulcemtionay be observed with
erythematous borders and generalized mucosal gtropgrostomia is part of the
clinical spectrum of GVHD and a Sjogren-like syndmis often present. Xerostomia
increases the risk of development of extensivealearies. The filiform papillae of the
tongue are often affected, which can lead to ababohanges in taste sensattéh.
Histologically, the oral mucosa shows atrophic osisr of squamous cells and
infiltration of mononuclear cells, resembling wikateen in patients with oral lichenoid

reactiont”

Saliva

Saliva is composed of the secretions from the meagparminor salivary glands and the
gingival crevicular fluid. Saliva also contains geamated epithelial cells, leukocytes,
food residues, blood, viruses and bacteria, aridpheducts:’® Together with the three

pairs of major salivary glands—the parotid, subniauidr, and sublingual glands—
multiple minor salivary glands in the mucosa aleiothe oral cavity contribute to the
secretion of saliva. The size of the parotid gla@pproximately twice that of the

submandibular gland, which in turn is five times #ize of the sublingual gland.

The secretion of saliva is controlled by the autoimonervous system. The average
unstimulated salivary flow rate is 0.3 ml/min dgyidaytime and less than 0.1 ml/min
during sleep. The stimulated salivary secretioe iring food intake is about 4.0
mli/min’" The major salivary glands produce about 90% of thial salivary
volume’”® The remaining saliva is produced by the numeronsnsalivary glands.

The type of secretion varies according to the dbfie glands. The parotid secretion is
serous, while the sublingual and minor salivaryndtaproduce viscous, glycoprotein-
containing saliva. The saliva produced by the sutthtalar glands is mixed.
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From the acinar lumen, the saliva passes throwghdirow intercalated ducts and then
through the wider striated ducts, which are lingabboidal cells rich in mitochondria,
where a modification of the saliva occurs. lon exaye makes the secretion change
from an isotonic solution to a hypotonic one. Sadis actively absorbed; chloride is
passively absorbed, while potassium and bicarbaratsecreted. Further modification
of the saliva occurs in the excretory ducts, whear@ium is absorbed and potassium
secreted, making the saliva still more hypotdficThe various cell functions give rise
to saliva of different compositions coming from thiéferent glands. The parotid gland
produces a watery fluid, rich in electrolytes, @mihg amylase and proline-rich
polypeptides. The minor salivary glands producéui frich in mucopolysaccharides
(glycoproteins) and they produce up to 70% of thueimfound in the oral cavity/®

The saliva has several different functions in thed ocavity. Speech and swallowing are
facilitated through saliva acting as a lubricartte Tnucosa and teeth are coated with
saliva as a protection against trauma. Salivarteprse form a pellicle on the surface of
the tooth, acting as a protective diffusion barri@ihe time during which
demineralization can occur is reduced through aém#tion of pH after intake of food,
and remineralization of teeth is achieved througlva. The saliva also helps the
mouth to maintain an appropriate ecological baldfft&’he mucosal surface is
protected by specific immunoglobulins (sIg&)and unspecific antimicrobial systems
(e.g. lysozyme, lactoferrin, and sialoperoxid&€ei the saliva, and indirectly through
swallowing. Mucins and slgA have antimicrobial pedpes. Through salivary
aggregating factors, bacterial cells are clumpegtteer and are thereby more easily
removed from the oral cavity. Parotid saliva hasat-fungal capacity, reflecting the
properties of basic and neutral peptitfédhe enzymes amylase and lingual lipase in
the saliva have digestive activiy A specific zinc-binding protein, gustin, and tiev!
ionic strength of saliva are important for the édfsinction™®* Taste is further facilitated
by the dissolution and transport of tastdfitsthe saliva protects the oral mucosa from
dehydration, but under conditions of systemic dedyon salivary flow is reduced.
Dryness of the mouth and information to the CN$nfrmsmoreceptors in the intraoral
mucosa result in reduced urine production and asze thirst®

Clinical complications of salivary dysfunction

Several complications secondary to salivary dygdfancan occur, such as experienced
difficulty in eating and swallowing, digestive dislers, speech problems, alterations in
taste, problems of oral hygiene, trauma and ulicgraif the oral mucosa, a burning
sensation in the mucosa, bacterial and fungal tiofes;, dental caries, and gingivitfs.
These problems may seriously affect the patientaity of life, which makes salivary
gland dysfunction an important issue in transpietients.

Diagnosis of salivary dysfunction

There are many different methods to estimate salivanction (sialometry). For
estimation of stimulated secretion of whole sali8&SR), chewing of a standardized
paraffin bolus is used, which is a simple and rap&thod. Unstimulated secretion of
whole saliva (USSR) is estimated with the patiéiting in a passive position drooling
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or spitting into a collection vessel. Parotid glasetretions can be obtained using a
specially designed cup positioned over the parptgilla’®® No ideal device for
collection of the secretion from the submandibslaslingual glands has been
presented, although different attempts have beete twause plastic devices for suction
of salival®¥1

Measurements of both USSR and SSSR are considereel $table on an individual
basis when standardized procedures are used. Eleettzal. reported a highly
significant correlation between duplicate testbath USSR and SSS®Pedersen et
al. showed high reliability for both USSR and SS&R.

Some reports have, however, shown a small increa&SSR when the sampling
procedure was repeated. The lower secretion valuedf at the first examination has
often been reported not to be significantly difféar&éom that obtained after repeated
measurements?*** Le Bell et al. found a significant intra-individuaifference
between the two first measurements of SSSR in Ad-ygar-old childred® In very
young children, some saliva may initially be swata before they learn to spif but

in older individuals the small increase in secretiate during the second measurement
is most probably due to psychological factdrs.

Sialometry is the most frequently used method &luate salivary function clinically.
For functional study of the salivary glands, bothgmetic resonance tomography (MR)
and sialography are often used.

Xerostomia

Today, the term xerostomia is limited to definihg patient’s subjective experience of
dry mouth'®" 193198 The patient’s subjective complaints of dry moutiowd be
followed by objective measurement of salivary s@mnerate, since symptoms of

xerostomia do not always correlate with salivargfdgction®®

Factors affecting salivary flow rate

Several factors influence the flow of saliva. USSk1fluenced by e.g. water balance,
body position, light, previous stimulation, heanythm, medication, and changes in
circadian and circannual rhythrhi$. SSSR is influenced by thought, sight, smell,
taste!® mechanical intra- and extraoral stimulation, glaize, gag reflex, vomiting,
and smoking Damage to the salivary glands through e.g. irtaid”* autoimmune

diseasé®? and HIV infectioR® are other causative factors that can reduce fhte. r
Medication?®* trauma, and decrease in chevifigan result in an interference with
neural transmission, which may in turn inhibit tecretory function of the salivary
glands*®” Other causes of salivary dysfunction are proteioric malnutritioi®® and

dehydratiorf’’

Gender

Girls have a lower SSSR than boys in all age gradpzhildren'®® Andersson et al.
found the USSR to be slightly lower in girls thanhboys at 10 years of age. The
difference was significant at 13 years of &dn adults, conflicting results have been
presented regarding the correlation between gemod@rsalivary flow rate. Ship and
Baum found that there was no significant differebetveen major salivary secretion
in healthy males and femalesile Heintze et al. observed that females havestow

19



salivary secretion rateé&> 2%

Age

The influence of age on salivary function in healtbhildren was studied by
Crossner?® A significant increase in salivary secretion rafeto the age of 15 years
was found.From this age, Dawes found no correlation with vsali flow rate,
indicating that the salivary glands are fully deysd at the age of 15 yeafs.

Acinar atrophy and ductal irregularities occur wititreasing frequency in older
people?® The decrease in salivary flow rate, which has $iones been reported in the
elderly, has been correlated with general heatitustand medication rather than with
the normal ageing proce¥€:***The salivary glands have residual capacity and can
maintain the salivary secretion rate despite reéodlan acinar cell numbers due to

ageing™®

Diseases

Both local and systemic diseases are associatédsaiitvary gland dysfunctiotf®%°
Autoimmune disorders such as rheumatoid arthr@iggren’s syndrome, systemic
lupus erythematosus, and scleroderma will causphyp@pithelial lesions that interfere
with salivary gland functio?? Other systemic diseases that may reduce salil@my f
rate are sarcoidosis, hypertension, hyperlipidearid,anxiety disordefs?

Viruses

Elevated levels of EBV have been found in salivd aalivary glands from patients
with Sjogren’s syndrom&? and this has been suggested to be involved in the
destruction of the salivary glantfs.It has been proposed that EBV is reactivated by
some kind of trigger, resulting in a chronic autmione attack on the salivary
glands?**

In a study by Shillitoe et al., CMV was suggestedbe responsible for glandular
dysfunction in patients with Sjégren’s syndroffre.

The salivary glands are also thought to be theo$iteplication of human herpesvirus 6
(HHV-6), but the role of HHV-6 in the pathology ibfe salivary glands is not cle@f.

Drugs

Today, more than 400 different medical drugs arewknto induce reduced salivary
flow. In general, drug-induced salivary dysfunctiemeversible, and normal flow rates
are regained after elimination of the medicatifrExamples of drugs known to reduce
the salivary secretion rate are: neurolepti€s, antidepressants!?!®
antihistamines/anticholinergié¥’ diuretics*'° benzodiazepines? antihypertensive&°
and gastric antisecretory drugs.

Chemotherapy

Treatment of malignant diseases induces reducedasalsecretion and changed
composition of the saliv&?Kosuda et al. showed that chemotherapy used alalye o
had a minor influence on salivary function, as deteed by salivary gland
scintigraphy. When chemotherapy was combined wvathation, there was a more
pronounced disturbance of salivary function thathwadiation alone, indicating that
chemotherapy makes the gland tissue more susaeptibhdiation injury?
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Radiation

Radiosensitivity of an organ is usually relatec tiast rate of turnover of the cells. The
cells of the salivary glands have a relatively stamover rat&* but in spite of this, the
salivary gland is ranked as one of the most radgee organs in the body. The
mechanism of this increased radiosensitivity is neonhderstootf° The
submandibular/sublingual and parotid glands differradiosensitivity, the serous
parotid glands being more sensitive to irradiafforSalivary dysfunction may result
from radiation effects on connective tissues—capdibrosi€®, which affects the
vascular supply, neurologic innervation, and theretery acinar cell itseff” Acinar
cell death caused by apoptosis has been suggestssl dne factor in the functional
disturbances after radiatiéff The expression of neuropeptides is known to bageri
after radiation therapy, and after high doses dfiateon noradrenaline-stimulated
secretion of electrolytes is reduc&din addition to DNA injury, the radiation-induced
lethal damage to the acinar cells may be causeddibrbances in the cell
membrané°A reduction in total protein content and qualitatithanges in the protein
composition of saliva has also been ndtéd.
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AIMS OF THE THESIS

General aim

The aim of this thesis was to investigate conditigrassociated effects on salivary
function and the oral mucosa of hematopoietic altog stem cell recipients.

Specific aims

Study |

The aim of study | was to investigate whether e¢kitddconditioned with fTBI have a
significantly better salivary secretion rate onaryafter allogeneic HSCT than those
conditioned with sTBI. A secondary aim was to iriigege the contribution of other
known risk factors for low salivary secretion ratee year after allogeneic HSCT.

Study Il

The aim of study Il was to investigate whether ¢ooding with fTBI or Bu would
result in less long-term salivary dysfunction comgolato sTBI in pediatric allogeneic
HSCT recipients. Furthermore, we wanted to investigvhether other known risk
factors for low salivary secretion rate after alogic HSCT also contributed.

Study Il

The aim of study IIl was to investigate whether RIGuld induce less severe OM than
MAC. Secondary aims were to determine the effeet méw oral hygiene protocol and
the impact of other risk factors for OM in allogenElSCT recipients. Furthermore, we
wanted to examine how closely the WHO mucositisesemd the OMAS score were
correlated.

Study IV

The aim of study IV was to investigate the relagttp between OM and production of
pro-inflammatory cytokines, both in GCF and in seyuin relation to different
conditioning regimens and other risk factors for @ivadult allogeneic hematopoeitic
stem cell recipients.
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MATERIAL AND METHODS

presented in this thesis. The first two studieduatad salivary dysfunction as

long-term oral complications in children treatedthwidifferent kinds of
conditioning before HSCT. The two subsequent stud@ncerned oral mucositis as
an acute complication in patients with differemds of conditioning in preparation
for allogeneic HSCT.

This section gives a brief overview of the methodsduto obtain the results

Patients

Study |

Pediatric allogeneic HSCT recipients between the @ig4 and 13 years, grafted at
Karolinska University Hospital, Huddinge during fheriod January 1994 to December
2005, were included in the study. During this peria total of 165 children in this age
group received HSCT. As 54 children did not coofgead the salivary secretion test at
baseline, 57 children died during the one-yeaoWolup period, and 10 more received
other types of conditioning, the final study groapnsisted of 44 children. The
conditioning procedure included single-dose totaldyb irradiation (sTBI) and
cyclophosphamide (Cy) in 27 patients. Chemothepaptocols with fractionated total
body irradiation (fTBI) were used in 17 patients. tBe donors, 12 were matched
siblings, 22 were matched unrelated donors (MUDRs)l 10 were mismatched
unrelated donors. Diagnosis and other baselineactarstics of the patients are shown
in table 3.

Most of the patients in both groups received MTXACor both as prophylaxis for
GVHD. The sTBI/Cy-treated children had a mean dgg&®+ 2.4 years, and the fTBI
group had a mean age of 9.0 + 2.3 years at HSCT.

Study Il

A total of 309 children under the age of 15 undemalogeneic HSCT between
January 1980 and December 2006 at Karolinska Usityedospital, Huddinge. One

hundred twenty-nine of them died before the agd®fand 23 children were not
available for evaluation since they were only inefien for the transplantation.
Thirty-three children received other types of cdtioding that did not include

radiotherapy or Bu and were therefore excluded ftbenstudy. Fifty other children

were not available for follow-up for other reasoriie mean age of the 74
participants in the study was 7.2 + 3.3 years endiBI group, 8.8 = 4.0 years in the
fTBI group, and 7.7 + 3.7 years in the Bu groupirfiffive of the patients had been
conditioned with sTBI/Cy, 14 with fTBI, and 25 witu, in combination with other

chemotheurapeutic agents depending on their diggndke diagnosis and other
baseline characteristics are shown in table 3.
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The majority of patients in the three groups weeated with MTX, CsA, or both for
GVHD. Forty-five of the donors were HLA-identicabbng/related donors and 22
were MUDs. Four donors were an allele- or antigextetmed unrelated donor, and in
3 cases the donor was a mismatched related dorost. &fl the patients received bone
marrow as stem cell source.

The children were divided into three different greupatients treated with sTBI, those
treated with fTBI, and those who received Bu, imbmation with various cytotoxic
drugs, mainly Cy.

Study IlI

One hundred eighty-three HSCTs in 166 patients age? years were performed at
Karolinska University Hospital, Huddinge betweendber 2007 and May 2011. The
study involved 171 patients. Twenty-one of thesegepts had previously undergone
HSCT. Two patients died before the study periodedn@nd 12 were not available
for inclusion. Fifty-five patients were partly tted in home care and could thus not
be followed under the whole study period. MAC wageqg to 72 of the patients and
99 received RIC, depending on their diagnosis ath@rocontributing factors. The
median age of the patients receiving MAC was 40s/€85-58) and it was 55 years
(12-71) for patients treated with RIC. Most of {h&tients had malignant diseases.
Diagnoses and other patient characteristics arengiv table 3. Of the donors, there
were 57 HLA-identical sibling/related donors andlL1MUDs. Thirteen patients had
an allele- or antigen-mismatched unrelated donbe majority of patients received
peripheral stem cells. MTX and CsA were used in paBents as prophylaxis for
GVHD and sirolimuns and tacromilus were used inpdflents. Patients with a cord
blood graft (n = 9) received CsA and steroids. @sd MTX in combination with Cy
were given to 4 patients. Patients treated with MaSXprophylaxis for GVHD also
received folinic acid to prevent mucositis.

The patients were divided in two groups, thoseivaog MAC and those receiving
RIC.

Study IV

Adult patients undergoing HSCT were included in shedy. A total of 110 patients
received HSCT at Karolinska University Hospital,ddinge between October 2007
and May 2009, 77 of whom were between 20 and 6isy&faage. Of these, 19 were
not available for inclusion and 1 patient died befthe study period ended. Fourteen
patients were partly treated in home care, anddcoot be followed. The mean age of
the 43 participating patients was 49 + 11. MAC vgagen to 19 patients and 24
received RIC, depending on the diagnosis and otwmatributing factors. The
diagnosis and other baseline characteristics aengn table 3. There were 14 HLA-
identical sibling/related donors and 24 MUDs. Ircd&ses, a mismatched unrelated
donor was used. Thirty-four patients were givenppgdaxis for GVHD with MTX
and CsA, and 4 with CsA; 13 received sirolimus tawiolimus. Patients treated with
MTX were also given calcium folinate as prevent@gainst mucositis.
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Table 3. Baseline characteristics of the HSCT recipients examined.

| Il 1] v

Variables (n=44) (n=74) (n=171) (n=43)
Mean age + SD 942 8+4 4614 49+11
Age range (years) (5-13) (1-13) (12-71) (20-67)
Male / Female 30/14 39/35 91/80 18/25
Underlying disease

AML 5 17 22

ALL 26 25

CML 1 4 4

Other hematological

malignancies 5 4 12

Severe aplastic anemia 7 5 2

Immunodeficiencies,

hematological defects, or

metabolic disorders 0 19 2
Non-malignant disease 7 24 10 4
Malignant disease 37 50 161 39
Conditioning regimen

sTBI + chemo 27 35 37 6

fTBI + chemo 17 14 13 2

Bu-based 25 38 16

Other chemo 19 83

RIC 0 3 99 19

MAC 44 71 72 24

AML; acute myeloid leukaemia, ALL; acute lumphobllastic leukaemia, CML; chronic myeloid leukaemia,
sTBI; single dose total body irradiation, fTBI; fractionated total body irradiation, chemo; chemotheraphy,
Bu; busulfan, RIC; reduced intensity conditioning, MAC; myeloablative conditioning

In all four studiesserology for the most common viruses in the hekpes family
was examined before HSCT in recipients and doridrs.viral serology is shown in
table 4.
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Table 4. Total herpes group serology in all patients and donors prior to HSCT (studies 1-1V). Subjects
seropositive to 0-2 or 3—4 herpesvirus family members (percent) are shown.

Herpes virus
family load Recipient 0-2 Recipient 3—4 Donor 0-2 Donor 3-4

Study | (n = 44)*
STBI 30 70 56 48
fTBI 35 65 13 80

Study Il (n = 74)*

STBI 41 59
fTBI 29 71
Bu 42 58
Study Il (n =171) 8 92 74 26
Study IV (n = 43) 2 98 21 79

*In Study |, serology was not evaluted in 4 of the donors
** |n Study Il, serology was not evaluated in 1 patient in the sTBI and Bu groups each

Methods

Unstimulated and stimulated salivary secretion rate (1, )

A clinical examination was performed at the Divisaf Pediatric Dentistry at baseline,
usually about 2 weeks prior to HSCT, and 3, 6, batims after HSCT; and thereafter at
yearly intervals. The patients were instructed tooeat, drink, put anything in the
mouth, or brush their teeth at least one hour befioe examination. The saliva was
collected in a quiet examination room. An attempswnade to hold the examination in
the morning, preferably before lunch.

Unstimulated whole saliva was collected over 10.nfime patients were asked to sit
still, bow their head, and try not to move durihgttime. Immediately before the test,
they were instructed to swallow any remaining saliv the mouth. The saliva was
allowed to accumulate in the mouth and was colierteéhe vessel approximately once
a minute. The volume was recorded, expressed asimIA USSR of less than or
equal to 0.1 ml/min was considered 16%.After a 5-min break, paraffin chewing-
stimulated whole saliva SSSR was collected overb Tine patient was asked to chew
a standard piece of paraffin without swallowingg @a put the stimulated saliva in a
collecting vessel. (Before the collecting procedieeted, the paraffin wax was chewed
for one minute, and then the patient was instruttedwallow all the saliva in the
mouth). The volume of saliva then produced wasrdsmand SSSR was expressed in
ml/min. An SSSR below or equal to 0.5 ml/min wassidered low.’" %
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Busulfan concentration determination (ll)

The concentration of Bu in plasma was determine@éah patient. The AUC for the
first and the last dose of Bu was calculated agngrtb a one-compartment open
model using Win Non Lin software?

Oral examination (lll, 1V)

Prior to HSCT and before the start of conditioniag;linical examination of the oral
mucosa and a radiographic examination of the jawds taeth were performed. The
clinical examination was performed at the Departnoéibental Medicine, Karolinska
Institutet, Huddinge. The mucosa, teeth, and salieee examined for any pathological
changes. The gingiva was only inspected visuallgrabing of gingival pockets could
not be performed because of cytopenia. The presaihgengival inflammation was
noted as 0 (normal), 1 (mild), or 2 (severe). Sgimgival calculus was recorded for all
teeth as being present or absent, and was reme¥e: lwonditioning.

Intraoral radiographs and a panoramic radiogragPQ@Pwere taken. Dental infectious
foci were treated conservatively and marginal blmse was recorded from intraoral
radiographs using standarized technidd@$athological periodontal bone loss was
considered when the patient had a distance fromcémeento-enamel junction to
alveolar bone crest of > 2 mift The presence of subgingival calculus was recorded
for proximal surfaces of premolars and molars (Fagb).

Sampling of gingival crevicular fluid (V)

On three occasions—before conditioning, during, aafter HSCT—qgingival
crevicular fluid (GCF) was collected at two sit&6,and 36, from each patient using a
paper strip (Periopaper). The sampling was perfdrrbefore the clinical oral
examination. Where there was a missing tooth oilogental disease, the adjacent
premolar was used. Before the sampling, the surdhdbe tooth was gently dried
with cotton pellets or air to remove supragingipkdque. The strip was then inserted
in the gingival crevice and left there for 30 sed®nThe strip was analyzed using a
Periotron 8000 (Pro Flow) and the volume of fluidsacalculated by interpolation
from a standard curve and expressedub$&CF. The Periopaper was placed in
Eppendorf tubes containing 120 buffered saline, and kept frozen at -70°C (Figure
4).

Serum sampling (V)

On the same day as the gingival crevicular fluic wallected, 10 ml serum was also
taken. The serum sample was immediately centrif@getthen kept frozen at -70°C.

Analysis of cytokines (V)

All samples from GCF and serum were analyzed feel&eof IL-13, TNF-u, IL-6,
IL-7, and IL-10 (pg/ml) using commercially availabkits (Bio-Plex Cytokine) in
accordance with the manufacturer’s instructionsr R@gher validity regarding
cytokine levels, the measurements from the twossiere pooled when being
analyzed statistically.
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Bedside clinical examinations (lll, 1V)
Oral mucositis

The oral cavity was clinically examined daily fradndays prior to HSCT until 25
days after HSCT or discharge (Figure 5). Cliniestéires of OM were recorded daily
using toxicity grading of oral mucositis accorditmgyWHO criteria and also the Oral
Mucositis Assessment Scale (OMAS) three times akw&egures 6 and 7’ In
Study IV, the NCI Common Terminology Criteria of yetse Events (NCI-CTCAE)
version 3 validated scale was also used (Figut€®s).

The nursing staff were trained, by the investigatientist, in daily diagnosis of oral
mucositis (OM) according to WHO critef& The investigating dentist or a dental
hygienist collaborating with the dentist examinkd bral cavity three times a week
(Figure 5).

Pain in the oral cavity and in the throat was rdedrusing the validated visual analog
scale (VASY* By asking the patient about his or her abilitysteallow (yes/no), the
oral function was evaluated. Patients were alsedcslbout their subjective opinion
about the consistency and amount of saliva (0 mafrl = thickened, 2 = reduced).

Sampling of GCF

Follow-up bedside examinations for sampling of gragcrevicular fluid and serum
were performed 7-10 days and 20-30 days after H8QGhe Center for Allogeneic
Stem Cell Transplantation, Karolinska Universitysgiial, Huddinge (Figure 5).

<— = Oral mucositis
Study Il

<% = Clinical features of
oral mucositis

‘ Oral mucositis scoring fram day -3 to + 25

TAKE
Start A End of )
conditioning pprox. study period
R HSCT +7 +14 +20 +25
Inclusion
and ‘ ‘ ‘
baseline —
registrations ‘ N " ‘ ‘
Study Ill and IV
Cytokine sampling 1 Cytokine sampling 2 Cytokine sampling 3
1 week prior to on day +7 to +14 on day +20 to + 30
conditioning

‘ Oral mucositis scoring from day -3 to + 25

Figure 5. Time scale of oral examinations and cytokine sampling performed in studies Ill and IV.
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Oral complication scoring methods (111, 1V)

To measure and describe the severity of OM andr aifa complications, objective
findings, subjective findings, and a combinationboth are used. The WHO score
and the OMAS score are both validated scores teat@nmonly used.

Toxicity grading according to World Health Organiza tion (111, IV)

The World Health Organization (WHO) grading scalaswdeveloped to describe
toxicities associated with particular chemotherapgimens or radiation therapy. It
uses both objective assessment of mucosal chamgéseés and ulceration) and
functional outcome (inability to eat because ofnpiai the oral cavity or throat) to
arrive at a scofé*(Figure 6).

Toxicity grading according to World Health Organization

Pain:

VAS (0-10) Oral Cavity:

VAS (0-10) Throat:

Ability to swallow:

Question: Can you eat?

Question: Can you drink?

Analgetics for oral pain? Yes No
Circle:
Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
None Soreness/ Erythema/ Ulcers, Alimentation
erythema ulcers requires not possible
can eat solids liquid diet

only

Figure 6. Toxicity grading according to World Health Organization, which was used every day from day
-3 to day +25 in studies Il and IV.

The Oral Mucositis Assessment Scale

The Oral Mucositis Assesment Scale (OMAS) score deagloped for investigative
applications. This scale separates objective fgslifrom subjective ones. Primary
indicators of OM are the degree of ulceration adhess, measured at specific sites
in the mouth. A single score is not produced froms scale; instead, there are scores
for ulceration and redness based on different ioeatin the mouth (Figure 7§’

29



Oral Mucositis Assessment Scale

Location Ulceration /pseudomembrane Erythema
Upper lip 0 1 2 3 0 1 2
Lower lip 0 1 2 3 0 1 2
Right cheek 0 1 2 3 0 1 2
Left cheek 0 1 2 3 0 1 2
Right ventral and
lateral tongue 0 1 2 3 0 1 2
Left ventral and
lateral tongue 0 1 2 3 0 1 2
Floor of the mouth 0 1 2 3 0 1 2
Soft palateffauces 0 1 2 3 0 1 2
Ulcerationfpseudomembrane: = no lesion Erythema: 0 = Nonhe
1= <1cm? 1= Not severe
2= 1-3cm? 2= Severe
3= >3cm?

Figure 7. Oral Mucositis Assessment Scale (OMAS) used three times a week from day -3 to day +25 in
studies Ill and IV.

NCI-CTCAE v. 3

NCI Common Terminology Criteria for Adverse Eve(MECI-CTCAE) version 3 was
used for scoring pain in the mouth, together whth YAS scale described above. The
NCI-CTCAE v. 3 displays grades 1 through 5 witmidal descriptions of severity
for each adverse evért>*’(Table 5).

Table 5. The NCI-CTCAE v. 3 grading scale, based on the general guideline, which was used for
scoring of pain in the oral cavity every day from day -3 to day +25 in study .

GRADE SEVERITY

0 None

1 Mild

2 Moderate

3 Severe

4 Life-threatening or disabling

5 Death related to adverse event(s)
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Oral hygiene protocol (llI)

From the start of the study in October 2007 to ©eto2010, patients (n = 142)
followed a dental hygiene protocol including totushing twice a day with a super-
soft toothbrush only. The patients were furthetrided not to brush on their gingival
mucosa and not to use interdental brushes andnitp3douth rinses were not allowed.
From the end of October 2010 to May 2011, the remgi29 patients in the study
received a more intensive oral hygiene protocduohag the use of interdental brushes
or flossing in addition to brushing with a soft tislorush twice a day. Furthermore, the
patients were instructed to suck on ice chips esecpnd or third hour of being awake
and also to rinse the mouth with isotonic salinkitgm every second hour of being
awake, from transplantation until a neutrophil llazell count of > 0.5 x £ was
reached. The patients were not allowed to suckcerchips during administration of
chemotheurapeutic agents. The new oral hygien@gbtvas a modification of the
recommendation of the Multiprofessional AssociatibSupportive Care in Cancef.

Collaboration in scoring of oral mucositis (Ill, IV )

The investigating dentist was educated in OM scptising the both scales (WHO
and OMAS) both from an experienced colleague andeaging the literature’
After this education, the dentist was trained agfaother collegues skilled in OM
scoring—using patients and cases on paper or itoghaphs.

A dental hygienist was educated and trained byirttaestigating dentist, using both
scoring methods in the same way as described aliteagreement in scoring was
controlled by several blind tests in patients vdiffierent scores of OM.

The nurses were trained repeatedly in using the V@Dscore (by the investigating
dentist)—both by lectures and by training on reees at the ward. The agreement in
scoring was tested against the dentist and thealdepgienist and also against each
other, using several blind tests in patients witfecent scores of OM.

Risk factors (I-1V)

Several risk factors for complications in the sgftof HSCT are known. Of those,
some are associated with the prognosis of theglamstion but most are related to
the risk of developing different kinds of complicets including acute and chronic
oral complications. In studies | and Il, possibkifactors for low salivary secretion
rate after HSCT such as gender, age, conditionggmen, seropositivity for
herpesviruses, and GVHD were tested in a multit@@aalysis against unstimulated
and stimulated whole saliva secretf6h.Known possible risk factors for oral
mucositis such as age, gender, conditioning reginMinX, donor source, and
aGVHD were tested in studies Il and 1V, in multiege analysis against OR>1°®

Statistical analyses (I-1V)

Study |

Power analysis

With a power of 90%, an-error of 0.05, and a calculated mean saliva priclu©f
1.0 and 0.4 ml/min (SD 0.5) in the two groups, \&kewalated that we would require 16
patients in each group.
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Studies l and Il

As cut-off points for salivary dysfunction, a stilated whole-salivary secretion rate of
below or equal to 0.5 ml/min was chosen. Compasidogtween groups of patients
were performed using Fisher's exact test and thenM&hitney U-test. The logistic

regression model was used in univariate analysgmsdible risk factors that might
contribute to a low salivary secretion rate. Funti@e, we used multivariate logistic
regression analysis, where significant variableshat5% level from the univariate
analyses were included.

Study 1l

The patient baseline characteristics (RIC vs. MA€)e compared using Fisher’s exact
test and the Mann-Whitney U-test. For possible fakors associated with a higher
summarized OM score on days 9-12 after HSCT, apteutegression model was used
in uni- and multivariate analyses. Maximum possilsignmary score was 16.

Significant variables at the 5% level from the amigte analyses were included in the
multivariate regression analysis.

Study IV

For comparison of concentrations of GCF between difierent time points, the

Wilcoxon matched-pair test was used. Fisher’s etemttand the Mann-Whitney U-test
were used for comparisons between groups of pati€or possible risk factors for a
higher total OM score during days 9-12, univariatel multivariate analyses were
performed using the multiple regression methodniSagant variables at the 5% level
from the univariate analyses were included in diplalregression analysis.

All statistical analyses in studies I-IV were penfied using Statistica software.
Ethical considerations

The local ethical committee at the Karolinska Unsity Hospital, Huddinge, approved
the protocol for this study.
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RESULTS

salivary function and the oral mucosa as well &&rotisk factors for salivary

dysfunction and OM related to allogeneic HSCTstudies | and II, we focused
on salivary dysfunction in children treated witlfelient conditioning regimens before
allogeneic HSCT. In study lll, we investigated sé¢yeof OM in patients treated with
MAC or RIC in preparation for allogeneic HSCT. Fatmore, we determined other
risk factors for OM in HSCT. Finally, in study IV evinvestigated the relationship
between OM and production of pro-inflammatory cytes both in serum and in GCF
before, during, and after HSCT and in relation iféecent conditioning regimens and
other risk factors for OM. This section gives aebwverview of the results of these
studies followed by a discussion of the findingsdlation to the current literature.

I he four studies included in this thesis evaluatditioning related effects on

Unstimulated and stimulated salivary secretion rate after HSCT (I, 1I)

In study I, we found no significant differencesvibe¢n USSR and SSSR in the sTBI
and fTBI groups at baseline. In the sTBI-treatesligr the median USSR was reduced
by 74% (0—94) one year after HSCT as comparedtedian reduction of 33% (0—80)
in the fTBI group (p = 0.003). The median reductiorSSSR in the sTBI group one
year after HSCT was 56% (0—93) as compared to 12%0] in the fTBI group (p =
0.003). Sixty-three percent (17/27) of the childirethe sTBI group and 24% (4/17) in
the fTBI group had an SSSR of < 0.5 ml/min one yé@r HSCT (p = 0.015).

Fifteen children in the sTBI group and 6 in the fBoup were diagnosed with chronic
GVHD, but they showed no statistically significaieiduction in salivary flow rate
compared to children with no chronic GVHD.

In study Il, we found that irrespective of the typeconditioning—sTBI, fTBI or
Bu—there were no significant differences in USSRS@SR at 15 years of age.
Forty-seven percent of the children (16/35) insf@@&l group, 47% (7/15) in the fTBI
group, and 42% (10/24) in the Bu group had an S&SR than or equal to 0.5
ml/min.

In the entire cohort, the SSSR in girls (n = 35swanificantly lower at 15 years of
age (0.7 £ 0.3 ml/min) than in boys (n = 39; 1.1 04 ml/min) (p <
0.001). Furthermore, the USSR was significantlydown girls (0.3 = 0.2 ml/min)
than in boys (0.5 + 0.4 ml/min) (p < 0.05). Sixix-percent of the girls (23/35) had
an SSSR of 0.5 ml/min at 15 years of age, as compared to g8¥39) in boys (p <
0.001).

In children conditioned with sTBI/Cy, there was ala significant correlation
between the age at stem cell transplantation aadS8SR at 15 years of age (p =
0.02). The younger the patient was at conditionthg, lower the salivary secretion
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rate at 15 years of age. Children conditioned WitBl/Cy or Bu/Cy did not show
this correlation (both p = 0.35).

Twenty-one children in the cohort were diagnosethasng GVHD. There was no
difference in salivary secretion between patientth vor without chronic GVHD

(cGVHD). In patients with cGVHD, the mean USSR wWa36 + 0.21 ml/min and the
corresponding value in patients without cGVHD wa’60+ 0.22 ml/min (p = 0.93).
The mean SSSR in patients with cGVHD was 0.84 § 0/min and in patients
without cGVHD it was 0.91 £ 0.52 ml/min (p = 0.90).

Stimulated salivary secretion and the distribution of plasma AUC of
busulfan (II)

The distribution of the plasma AUC of Bu exprestestotal exposure to Bu. In the
patient group, AUC varied between 3,301 and 8,3gflh. There was a significant
inverse correlation between the plasma AUC of Bd #me stimulated salivary
secretion rate measured at 15 years of age.

Risk factors for salivary dysfunction (I, II)

In study |, significant risk factors for a low stimtédd salivary secretion rate in the
univariate logistic regression analysis one yetar&diSCT were conditioning regimens
including sTBI, and recipient seropositivity for8hkerpesviruses (as compared to 0-2)
prior to HSCT. None of the viruses examined (HSBVE CMV, or VZV) were
individually correlated with salivary dysfunction.

Both the identified risk factors remained signifitan the multivariate analysis; sTBI
(OR = 6.49, 95% CI = 1.40-30, p = 0.014) and sesitpdy of recipients for 3—4
herpes viruses (OR = 6.57, 95% CI = 1.26—-34, 021).

There was an inverse relationship between the nuofoesk factors present and the
mean degree of stimulated salivary secretion. \W@lrisk factor present (n = 6), the
median SSSR was 1.2 ml/min (0.80-1.75); for ornefastor present (n = 19), median
SSSR was 0.67 ml/min (0.08-1.70), and if both festtors were present (n = 19), it
was 0.3 ml/min (0.07-0.80).

The univariate logistic regression analysis in gtlidhowed that female gender was
associated with a low salivary secretion rat®.6 ml/min) at 15 years of age (OR =
4.89, 95% CI = 1.76-13.61, p = 0.002). The femaleed-male-recipient situation
was associated with higher salivary secretion (OR23, 95% CI = 0.06-0.95, p =
0.039).

Both of the significant risk factors were included the multivariate model and
female gender remained significantly correlated hwibw stimulated salivary
secretion rate at 15 years of age (OR = 3.93, 95%X21-12.79, p = 0.021).

Oral mucositis (Il1, 1V)

Of all the 171 patients included in study lll, 24%6) did not develop any subjective
or clinical signs of OM during the study period.eTpeak mean WHO OM score was
1.7 and occurred on days 10-11. On day 11, thengdxbelistribution of WHO OM

score was as follows: score 0, n = 37 (24%); stome = 28 (18%); score 2, n = 53
(34%); score 3, n = 23 (15%); and score 4, n =9A)((Figure 8). On days 9-12,
when the data were combined, 21 patients had b@dfascore of 0, 82 patients had
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a total OM score of 1-8, 28 patients had a total &ddre of 9—-12, and 14 patients
had a total score of 13-16; 6 patients had the mnaxi total score of 16. Data are
missing in 26 patients.

& Mean
18 T Meant 85 Conf. Interval

WHO mucocitis score

1] 2 4 6 8 10 12 14 16 18 20 2 24
Days after HSCT

Figure 8. Oral mucositis score according to WHO, in 171 allogeneic HSCT recipients in Study III.

All 43 patients in study IV experienced OM of sos@®re during the transplantation.
The peak in mean WHO score was 2.0 (95% CI: 1.p-@ that peak occurred on
day 11. Most of the patients (n = 22) (51%) had dQVscore of 2, and 6 patients
(14%) had the highest WHO OM score of 4.

Conditioning regimens and oral mucositis (lll, 1V)

In the multivariate analysis, MAC remained sigrafitly correlated with higher total
OM score (> 2) on days 9-12 after HSCT (RH = 1%%% CI = 1.37-1.80, p <
0.001).

Furthermore, in patients conditioned with Bu, angigantly higher total WHO OM
score at days 9-12 was seen in the univariate si8gl¥.19, p = 0.043) comparing
RIC with MAC. There were no differences between greups, RIC and MAC,
whether the conditioning protocol included TBI (5%) or whether the patients were
treated with cytotoxic drugs only (p = 0.50).

Risk factors for oral mucositis (lll, 1V)

In study I, we identified several risk factorssasiated with higher total WHO OM
score on days 9-12 after HSCT in the univariatdyarsa Excluding MAC (described
earlier), these were; all donor-recipient gendenloimations—except for the female-
donor-male-recipient situation (hazard ratio (HR1.27, p = 0.003), female patient
(HR = 1.19, p = 0.04), and recipient seropositme3-4 herpesviruses (HR = 1.21, p
= 0.02). Also, patients receiving their second HSGAH a lower OM score than
during the first HSCT (HR = 0.82, p = 0.017). Intipats with different diseases,
malignant or non-malignant, there was no differendie severity of OM.

Thirty-five patients were diagnosed as having aGVbiDgrade |, 58 patients as
having aGVHD of grade Il, and 11 patients as haw@VvHD of grades IlI-IV.

Sixty-seven patients were diagnosed as not havB\HD. There was no difference
in severity of OM between patients with and witha@VHD. Patients who were
treated with drugs including MTX as GVHD prophylaXn = 120), did not develop
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more severe OM than those treated with other immuporessive agents (n = 51).
Other suggested risk factors for OM such as stdhseerce and nucleated cell dose
did not significantly affect the severity of OM; mdid prolonged time to engraftment
compared to those with shorter time to engraftm&he median number of days to
reach a neutrophil count of > 0.5 x’Mas 17 (0-47).

In the multivariate analysis, MAC, as describedvahaall donor-recipient gender
combinations except the female-donor-male-recigénation (RH = 1.26, 95% CI =

1.10-1.44, p = 0.001), and year of HSCT (RH = 088% CI = 0.73-0.96, p =

0.013) remained significantly correlated with totdHO OM score for days 9-12.

There was also a significant relationship betwdenrtumber of risk factors present
and the OM score after HSCT (p < 0.001).

In study IV, MAC was found to be significantly assed with higher WHO OM
score from day 8 to day 11 after HSCT (p < 0.0%tidxts undergoing an HSCT
protocol including TBI (n = 8) did not develop heghOM scores than patients who
were conditioned with cytotoxic drugs only. Treatmhavith ATG (n = 31) was
associated with less OM on days 6—14 comparedtienps not treated with ATG (n
=12) (p < 0.05).

A total of 25 patients were diagnosed as having lHBVOf those, 6 patients had
aGVHD of grade | and 19 had grades II-IV. There wadifference in severity of
OM between patients with different grades of aGVHIDr was there a difference in
patients treated prophylactically with MTX agairS¥HD (n = 26) or with other

agents (n = 17).

In the multivariate analysis, MAC remained sigrafitly correlated with the total OM
score during days 9-12 after HSCT (OR = 1.37, 99% @.03-1.82, p = 0.035).
Patients with a donor positive for 3—4 herpesvisugiso had a higher OM score for
days 9-12 in the multivariate model (OR = 1.42, 96P& 1.08-1.87, p = 0.02).

The number of risk factors and higher WHO OM scre2) showed a significant
relationship (p = 0.01). With more risk factors g@et, the risk of having a higher
OM score increased.

Oral care and hospitalization (111)

The year when patients were treated with HSCT wgsfiantly associated with the

total OM score (HR = 0.82, p = 0.015). Patientated during the last year, 2011 (n =
29), with the new oral care protocol had a sigaifity lower OM score than those
treated in earlier years. There was also a sigmificorrelation between OM for days
13-24 and hospitalization (day 15: r = 0.31, p 80Q; day 23: r = 0.45, p < 0.001).
However, when comparing the number of days of hHakpation between patients

transplanted in 2011 (mean 25, 95% CIl 21-29 daws) @atients transplanted in
2007-2010 (mean 24, 95% CI 22-26 days), no sigmfidifference was found

(p=0.25).

Other acute oral complications (111, 1V)

In both studies, pain in the oral cavity and thraatl the patients’ experience of the
quality of their saliva, was associated with seyesf OM.
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The reported pain in the oral cavity and throatlag 11 in study I, using VAS and
NCI-CTCAE v.3, are presented in table 6. All patsewho had a WHO OM score of
0 also scored 0 using VAS or NCI-CTCAE v.3 scale.

In study IV, the mean reported pain in the oralityaon day 11 wag 5 in 21 patients
(49%) using VAS. The corresponding mean value &n n the throat was 5 in 23
patients (53%).

Also at day 11, twenty-five patients (58%) expecienh that their saliva was reduced,
12 (28%) described it as thickened, and 6 (14%}rde=d it as normal.

Table 6. Pain in the oral cavity and throat measured with VAS and NCI-CTCAE v.3 (only oral pain) on
day 11 in Study Ill. Data are missing for 18 patients.

Pain, Pain, Pain, throat Pain, throat
oral cavity oral cavity n= %
n= %
VAS
0-2 86 56 78 51
3-4 29 19 29 19
5-6 21 14 27 18
7-8 12 8 14 9
9-10 5 3 5 3
NCI-CTCAE
0 37 22
1 66 39
2 33 19
3 12 7
4 5 3
5 0 0

Correlation between WHO oral mucaositis scoring syst em and OMAS (llI)

Comparing the two oral mucositis grading scalesduse. grading of toxicity
according to WHO and the OMAS, there was a goodetation (Figure 9) (day 10: r
=0.74, p < 0.001).

Scatterplot: WHO 10 vs. OMAS T 10 (Casewise MD deletion)
OMAS T 10 = - 8379 +3,7898 * WHO 10
Correlation: r= 74337
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Figure 9. Correlation between toxicity grading according to WHO and OMAS on day 10.
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Cytokines in gingival crevicular fluid and serum (| V)

There was no difference in the volume (ul) of G@Bearved before, during, and one
month after HSCT or in patients with different cdimhing, MAC or RIC. The mean
GCF volyme was 0.40 + 0.20 at TO, 0.45 + 0.21 gtard 0.40 £ 0.17 at T2. In GCF,
levels of IL-13 tended to increase during transplantation but @etpto the baseline
examination, the value did not reach statisticghisicance (p = 0.06). After HSCT,
the GCF levels decreased significantly below baselialues (p = 0.004). IL-6 was
significantly increased during the transplantatielative to the baseline examination
(p < 0.001) and then returned to baseline levety afansplantation (p < 0.001). IL-
10 levels were reduced during transplantation (®.600), and then remained
unchanged at the examination one month after HIG&.GCF levels of TNk-and
IL-7 did not change during the study period.

In serum samples, the levels of IL-6 were signiitba increased during
transplantation (p = 0.001), and then returned dseline values after HSCT (p =
0.04). IL-10 levels remained unchanged during H&@d then increased after HSCT
(p = 0.02). Levels of ILB, IL-7, and TNFe only showed small variations that were
not statistically significant.

There was an increase in serum levels of IL-6 tuatelated with severity of oral
mucositis on days 8 (p < 0.05). There were no Saamnt correlations between
cytokins in GCF and severity of OM.

Cytokines in gingival crevicular fluid and serum an d risk factors for oral
mucositis (1V)

Conditioning

In patients conditioned with MAC, there was a digant increase in IL-10 during

transplantation compared to conditioning with REC=0.024). No other statistically
significant variations were observed.

In serum, the level of IL-6 was increased duringCHSn patients conditioned with

MAC as opposed to RIC (p = 0.016). TNHevels were reduced during HSCT with
MAC (p = 0.004), as were those of IL-7 at all thteme points examined: TO (p =
0.015), T1 (p = 0.004), and T2 (p = 0.003) relatiy®IC.

Septicemia

Ten patients were diagnosed as having septicemingdiHSCT. Five of these
patients hada-streptococci in the blood. There were no staadliyc significant
changes in cytokine levels in GCF in patients withvithout septicemia.

In serum, IL-6 was significantly increased durin§EIl in patients with septicemia
in comparison to those without septicemia (p <P.01

There were no significant correlations between kiyi levels in GCF and in serum.
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GENERAL DISCUSSION

HSCT and salivary secretion rate

The influence of the conditioning on salivary séore rate during the first year in
study | was significant. The sTBI children had gndicantly lower secretion rate than
those in the fTBI group one year after HSCT. Chaush al. reported a similar
immediate effect on the parotid secretion rate idrethe patients had received TBI or
not during the conditioning procedure, but in castito the TBI-treated patients, there
was recovery in the patients not treated with TBsaaly after two to five montté?
Previous studies from our group have shown that @P#te children treated with sTBI
have at least one or several symptoms of xerosttiveiayears after HSCT*? Adkins

et al. have shown that there is an inverse relstipnbetween the intensity of TBI as
conditioning regimen on the one hand and the tgxitieatment-related mortality, and
the risk of relapse on the othirThe optimal regimen for TBI in allogeneic HSCT is
still to be determined, because it depends on ndéfgrent variables such as patient
age, conditions regarding co-morbidity, disease ragttaristics, dose rate and
fractionation, source and dose of stem cells, #&w @VHD prophylaxis. In our study
24% of the children in the fTBI group also showefttlence of salivary dysfunction
one year after HSCT. It is evident that fTBl alsan cause damage to progenitor
secretory cells with subsequent loss of their dapao multiply. The present
investigation describes the effect of dose fraetimm of TBI on salivary secretion rate
for the first time.

There is an increase in salivary secretion raté tie age of 15 yearsS® Girls have
significantly lower salivary secretion rates thary® of all age groups; because of their
size®® The risk of reduced salivary secretion rate aft8CT is therefore higher in
girls. Female sex was also the second most imporisk factor for low salivary
secretion rate one year after HSCT. In this groummg-term survivors treated with
HSCT, the level of salivary output was lower thawels reported in healthy teenagers.
The stimulated salivary secretion rate at 15 yehegje varied between 0.2 ml/min and
2.2 ml/min. About 45% had a stimulated secretida egual to or below 0.5 ml/min. In
the present study, the mean follow-up time wasa@syeOeffinger et al. observed that
the incidence of health conditions reported in tipisup of patients increases with
time*?’ Furthermore, in a study by Dahlléf et al., 70%taf children conditioned with
TBI/CY had a salivary secretion rate that nevereexled the baseline value for the
irradiated children during the four-year follow-period, indicating that the reduced
salivary secretion rate might be permanent inghisip of childrerf*® Suprisingly, in
our study there was no difference in salivary outpetween the three groups
investigated, sTBI, fTBI, and Bu, at 15 years o€.aghis indicates that the sTBI-
induced decrease in salivary secretion rate mayasient and that same capacity of
the progenitor secretory cells to multiply is mained. Furthermore, this finding
shows that all regimens investigated cause danmagjeetsalivary glands in the long
term.
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A negative correlation between age at conditiorgsing the salivary secretion rate was
found in the sTBI group when measuring saliva aty&éars of age in the patients.

This correlation was not seen in the fTBI and Bougps. Hematopoietic cells are less
capable of DNA repair than other tissue cells. ritheo to reduce the damage and risk
of late organ toxicity, fTBI is used’ In this study, the results indicated that the
damage to the salivary glands was more extensidenaore pemanent the younger
the child was when treated.

In children conditioned with Bu, salivary dysfurmti was significantly correlated
with the total systemic exposure of Bu, probable do the fact that Bu is equally
distributed to saliva and plasma. Over a periodoaf days, the salivary glands are
exposed to high concentrations of Bl his is in agreement with previous studies on
other side effects of BYY. To reduce all these side effects, is it importanmonitor
blood levels of Bu with dose adjustment to achiewvetargeted steady-state
concentration.

Reduced salivary secretion rates have been fodlmving cGVHD2*° but it has not
been possible to differentiate the reduced saliggretion rates caused by cGVHD
from those caused by irradiatiéff.In the present studies, and also in a study bgslon
et al., no reduction in salivary secretion rate voamd in patients with cGVHD when
they were off immunosuppressive treatment for cGVAD

Measurements of unstimulated and paraffin-stimdlatbole saliva were used in the
first two studies. The methods are simple, andvéir@tion during the day is slight’
Greater volumes of chewing-stimulated saliva th&numstimulated saliva can be
collected in a reasonable amount of time. Thatnis of the reasons why stimulated
secretion is usually used in examinations of safivanction. Unstimulated saliva has
been suggested as the sialometric method of cHoicthe evaluation of Sjogren’s
syndromé&*® A good correlation has previously been reportetiveen resting and
paraffin-stimulated salivary flo#??**This was also found in our studies.

Risk factors for salivary dysfunction

In study I, in the univariate analysis we identfi€ Bl and recipient seropositivity for
3—-4 herpesviruses as being risk factors for lowaal secretion. When using a
multivariate logistic regression model, both risi&ctbrs remained significantly
correlated with a stimulated salivary secretiore fia¢low or equal to 0.5 ml/min one
year after HSCT. The second most important riskofa@after TBI, was seropositivity
of the recipient for 3—-4 herpesviruses. In Sjogeayndrome and non-specified
sialadenitis, CMV and EBV have been suggested twobelated with hypofunction of
the salivary gland>® Another herpesvirus found in patients with Sjo¢gesyndrome is
HHV-6, which has been suggested to have salivagdy as its site of replicati6tf.
There may be a possibility of reactivation of latkarpesviruses in the salivary glands,
during conditioning with TBI or chemotherapy and ridg the period of
immunosuppression following HSCT, which might cdnmite to salivary dysfunction.
Herpesviruses, especially HHV-6, are also a catesdtictor in the development of
GVHD.>¥#2GVHD is often accompanied by salivary gland dysfiom during the
active phase of disease, within five months of HSC T this study, GVHD was not a
significant risk factor for salivary dysfunction eryear after HSCT. With more risk
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factors present, the risk of having a reduced asfigecretion rate one year after HSCT
was higher.

Female gender was found to be associated with\easakecretion rate at 15 years of
age of less than or equal to 0.5 ml/min, while andke-donor-male-recipient
transplantation was associated with higher saligagretion. Female donor has been
reported earlier to be a risk factor for HSCT witicreased transplantation-related
mortality, relapse, and reduced leukemia-free sahir’

In the multivariate model, only the variable femalender remained significantly
correlated with low stimulated salivary secretiater This is not surprising, and was
probably due to the fact that girls are smaller eodsequently have a lower salivary
gland secretion than boys.

Oral mucositis

The majority of patients included had OM. In study86% were affected with OM
and in study 1V, 100%. The mean severity in botldists was approximately WHO
score 2 with a small decrease during recent yd#ms.findings in our studies are in
agreement with those in earlier studies.

Ulcers in the oral mucosa in patients conditioneth WIAC have been found to
affect between 29% and 100%, and range from aphthioe lesions to generalized
desquamatior®® In study Ill, 34% of patients had a mean WHO sauff@ and in
study IV, 51% had a mean WHO score of 2 at the m@sak (day 11). When
summing the WHO OM scores for days 9 to 12, 71%efpatients had a total score
of between 1 and 8. The result shows a decreas®/arity of OM thus the patients in
study IV were included first and subsequently sdoire erlier year then patients
included in study Ill. We found that there was gn#ficant correlation between year
of transplantation and severity of OM. This washataly due to RIC being used more
in recent years, but also to the intensified stechdéd oral care that was introduced.
From 2007, the standard of oral care was intemsdieour center. The patients were
visited three times a week by a dentist or denggidnist and supported in their oral
care. We believe that this support in oral caregfcd monitoring of the status of the
oral cavity, and early detection of oral infectiowere important factors for the
decrease in OM in later yed$>*° During the last seven months of our study, the
oral care protocols were intensified further. Alsomodified oral cryotherapy was
added that included sucking on ice chips every rscor third hour of being
awake?® Furthermore, the patients were instructed to rthe& mouth with isotonic
saline solution every second hour of being awaké ameutrophil blood cell count
of > 0.5 x 18/l was reached. The incidence and severity of Od&rty decreased
after the introduction of this protocol. Despites tehort period of observation, the
results were statistically significant. This dentoai®s the importance of an
interdisciplinary approach to systematic oral garatocols that takes the individual
needs of the patient into account. Optimal oraliéryg may help to avoid secondary
infection from ulcers in the oral mucosa and systanfections, and also improve the
patient’s quality of life. The results show the ionfance of regular education in OM
and oral care of health care professionals andthésaeed for dental professionals.
The peak in mean WHO OM score was on days 10-Ituidy Il and day 11 in
study IV, which is to be expected in patients ctinded in preparation for allogeneic
HSCT.
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In both oral mucositis studies, pain in the thraat the oral cavity was correlated
with the severity of the OM score. Using the NCI€CAE v.3 to measure pain in the
oral cavity, the results showed that at day 11, d&tgents (67%) had NCI-CTCAE of

grade 1. This was probably due to effective analgeatr mild pain in the patients

with mild OM or no OM at all.

The majority of patients in both studies experiehtieat their saliva was reduced
(study Ill: 46%; study IV: 58%). This is to be exped because of the

pharmacokinetic effect on the salivary glands efdhugs administered, and radiation
given.

Risk factors for oral mucositis

Several risk factors were identified in both stsdik and IV. There was a significant
relationship between the number of risk factorseneé and WHO OM score of > 2
after HSCT. With more risk factors present, thé $ having a higher OM score
increased. This is in agreement with the assumphiantoxicity is multifactorial and
also genetically determinéd> >’

In both studies, MAC was significantly associateithva higher WHO OM score in
the multivariate analysis compared to RIC. Histlhg risk of mucositis has been
associated with the treatment and with host fac¢tSr3reatment-related variables
include those associated with the type of therdpge, and route of transmission. To
a large extent, treatment type and dose can bewvbeéming risk factors. Patients
receiving conditioning regimens in preparation H8CT have been considered to be
at high risk of mucositis, especially with treatrh@mcluding TBI or high doses of
stomatotoxic drugs. In an attempt to ameliorate, 8everal centers have adopted less
toxic protocols.

In both study Ill and 1V, patients undergoing an@ISprotocol that included TBI did
not develop a higher OM score than patients camuktl with cytotoxic drugs alone.
When radiation is part of RIC, the total dose ofl @Blivered is much lower. In study
[ll, 40% of patients received TBI as part of MACegépite this, there were no
differences in OM in patients treated with or witihd BI.

In the univariate analysis in study lll, there veasignificant correlation between Bu
and a higher OM score compared to other conditgpni@egimens. Busulfan is
distributed equally to saliva and plasma, the aralcosa is exposed to high
concentrations of this alkylating agent for fouysl3 Tissues with a high turnover
rate, such as the cells of the oral mucosa, are filaly to be affected by cytotoxic
drugs™® It is possible that this high concentration of Both in serum and in the
saliva causes an impaired ability to induce immdatense reactions, and therefore
more severe OM.

It is clear that factors other than therapy argcali and determine risk, and it is still
unclear why patients of the same age—with the saaenancy and chemotherapy
regimens—develop mucositis of different severity aith different frequenc§®

In both studies, seropositivity to herpesviruses wsignificantly associated with OM.
Seropositivity to 3—4 herpesviruses in the recipmor to HSCT was significantly
associated with a higher WHO OM score on days 9rltBe univariate analysis in
Study lll. The role of herpesviruses in the etiglad mucositis has been the subject
of speculation for some time, and remains contiger Woo et al. showed that
development of OM was unrelated to HSV antibodyustar positive viral culture,
and that acyclovir prophylaxis was ineffective ireyenting OM?>° While radiation
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and chemotherapy are successful activators oftlataemses in seropositive patients,
Djuric et al. found that the rate of HSV-1 reactiwa was not different before or after
chemotherapy. They also found that there was retioekship between the rate of
viral reactivation and the presence or absenceMdf

In study IV, seropositivity to 3—4 herpesviruses tibe donor was significantly
associated with a higher WHO score in the multataranalysis for days 9-12. It can
be speculated that cells infected with virus tleaictivates may induce a tissue attack
in a similar way as herpes viruses can induce adogeieic effect in donor
lymphocytes and stimulate aGVHE.

In the multivariate analysis, we found that femabmor-male-recipient situation
compared to other all donor-recipient gender comtimpns, was significantly
associated with a lower WHO OM score on days 9wltizch we cannot explain. The
statistical significance of this finding was tocegt for it to have occurred by chance
(p=0.001). Female-donor-male recipient has beendda be a risk factor for GVHD
possible due to the Y-chromosome being a targeBarD.?"2%*

Gender has been identified as a possible patisosaged risk factor for ONF2 In
agreement with this assumption; we found that béémgale was associated with a
higher OM score in the univariate analysis in stuidly Toxicity risk is to a large
extent genetically controlled, and it seems likibigt differences in the expression of
genes associated with OM pathogenesis affect tsk.

Patients recieving their second HSCT developeddessre OM than after the first.
This is probably due to the fact that most patiaetseived RIC in their second
HSCT, and that the second HSCT was performed entegears with more intensive
oral care protocols. In contrast to this, it is Wmothat the risk of OM increases with
subsequent cycles of treatméfft.

Acute GVHD of grades I-IV was diagnosed in 60% afignts in study Il and 58%
in study IV. There were no signs of oral manifastabf aGVHD. Acute GVHD can
manifest as oral erythema, atrophy and sometimesrations—resembling those
seen in some autoimmune connective tissue dissas@sas lupus erythematosus.
The prevalence of acute oral GVHD is reported tmeafrom 20% to 33%° There
was no difference in severity of OM between pasiexith and without aGVHD. This
may be surprising, because damage to the tissu@QMyscan pave the way for
aGVHD2"'® Some studies have also shown that patients condii with MAC
have more acute GVHD than those receiving RIC.eRtti who received GVHD
prophylaxis including MTX did not develop more sey®©M than those treated with
other immunosuppressive agents. MTX inhibits DNAtbhesis, and thereby causes
reduced cell renewal and cell replacement. This heay to ulceration and an
impaired barrier functiof®*?*® As a consequence, the mucosal immune system is
exposed to an increased amount of microbial stimbince the 1980s;alcium
folinate has been given to patients at our cendepraphylaxis against toxicity of
MTX. It is possible that our findings are due testhrophylaxis.

The median number of days to reach a neutrophittcoi> 0.5 x 1&was 17 (0-47).
We found no difference in OM between patients withlignant or non-malignant
disease, and between patients with short or preldigne to neutrophil engraftment.
This contrasts with studies that have shown thalopged neutrophil recovery is a
risk factor for OM*®>**® Stem cell source and nucleated cell dose did avé lany
significant effect on severity of OM.
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Oral mucositis and hospitalization

The clinical and economic impact of oral and gastestinal mucositis are high. In our
study, a higher OM score for days 13-23 tende@dgalt in prolonged hospitalization.
This is not unexpected, since of the patients wpeeence more severe oral mucositis
(i.e. of WHO grade 3—4), approximately 35% will baa delay in chemotherapy, 60%
will have a reduced dose of chemotherapy, and 308 have the regimen
discontinued®® The development of severe mucositis will necesitae of a feeding
tube to maintain nutrition in 70% of patients, fesou fever in 60% of patients, and
necessitate hospitalization in 62% of patients. ialthlly, with mucositis of WHO
grade 3 or 4, 70% of patients receiving standasgadhemotherapy and 87% receiving
high-dose chemotherapy with a stem cell transgld8CT), will require feeding tubes
to maintain adequate nutritioff Mucositis associated with autologous bone marrow
transplants can extend the hospital stay by 6 tfays.

Correlation between WHO oral mucaositis scoring syst em and OMAS

There are multiple scoring methods to grade OM atteer oral complications. A
major problem has been the lack of a validatedajeéctive scoring system for OM.
The WHO scoring system and the OMAS are both vaditiacales®”*** The WHO
grading scale was developed to describe toxiciiesociated with a particular
chemotherapy regimen or radiation therapy. The OMA&e was developed for the
purpose of investigative applications. In presendy, both of these scales were used
in parallel and they showed good correlation. Bstales can thus be used to improve
management strategies, since it is important tcaeéurelevant target audiences so
that barriers such as knowledge deficits can bédado The correlation between the
scales also indicates that the education of thdtHuase professionals has been
successful. The WHO grading scale is easier todfarseon-dental professionals and
is not especially time-consuming. Thus, it shoulel &asy to incorporate oral
mucositis scoring as a standard routine at theitadsginic.

Cytokines and oral mucositis

There was no difference in GCF volume between ifferdnt time points in each
patient, which may indicate the low level of inflaration in the gingival or
periodontal mucosa. This is also in agreement eilier clinical observations; thus,
OM is known to be most severe on the buccal an@llabucosa and the lateral and
ventral surfaces of the tongue rather than on ittesl fmucosa of the gingiv&> The
development of mucositis is thought to be driverodigh the activation of NKB,
which promotes the upregulation of certain key kites such as IL{l, TNF-a, and
IL-6. Increased levels of these cytokines have lreported within the mucosa, and
clinical evidence from patients undergoing chemiatpg suggests that changes in the
mucosa occur prior to the development of clinicalnifestations such as ulceration.
Serum levels of NkB, TNF-a, IL-1B, and IL-6 have also been shown to precede
histological changes in the tissue of the alimenteact. Because of the critical time
constraints between detectable serum changes anldidtological damage, this has
been suggested to be a useful tool in predictingasal damagé®®

In the whole study cohort, the GCF levels of |k-iended to increase and IL-6
increased during the transplantation period. Thag ide due to damage to the oral
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mucosa by conditioning, neutropenia, and immunoseggmon including drugs such
as methotrexate and rapamune. fLid produced by activated macrophages and is an
effective and important mediator of the inflammgtoesponse. IL- is involved in a
variety of cellular activities, including cell prfdration, differentiation, and
apoptosis?>

Also in serum IL-6 levels were elevated during theutropenic phase after
transplantation (T1) and in patients conditionethfIAC as opposed to RIC. This
was expected, due to tissue damage and the higheiney of septicemia in the group
under study. Serum IL-6 levels have been shownldeatd during infection after
HSCT? Our findings are also in agreement with the findirg Meirowitz et al.,
who showed that there was a positive correlatidwéen increased levels of IL-6 in
serum and mucositis and dysphagfaHigh levels of IL-6 after two weeks of
treatment were correlated with the need for instialh of a PEG tube.

Only serum IL-6 showed any correlation with OM scaluring HSCT, on day 8.
Patients are often infected during transplantatiovhich may induce local
inflammation. IL-6 acts both as a pro-inflammatoapd an anti-inflammatory
cytokine, and is secreted by T-cells and macrophagestimulate the immune
response to tissue damage, leading to inflammaiitve. role of IL-6 as an anti-
inflammatory cytokine is mediated through its intoby effects on TNFa and IL-1,
and activation of IL-1ra and IL-10. IL-6 is the nhasportant mediator of fever and
of the acute-phase resporise.

We also found reduced levels of IL-7 in serum dt tahe points in patients
conditioned with MAC, when compared to those caodad with RIC. IL-7 is a
hematopoietic growth factor secreted by stromdtdelthe red marrow and thymus.
It is also produced by keratinocytes, dendritidscateurons, and endothelial cells,
and may serve as a regulatory factor for intestmatosal lymphocytes. IL-7 is
important for B- and T-cell developmeritThe reduced values are probably due to
the fact that MAC eradicates hematopoesis andLtt¥edroducing cells have not yet
recovered.

IL-10 is an anti-inflammatory cytokine that is migiproduced by monocytes, and to
a lesser extent by lymphocytes. It has pleiotraggfects in immunoregulation and
inflammation®® In serum, IL-10 levels were elevated one montarafansplantation.
This was probably due to T-cells from the donordoi@ng IL-10, which is active in
immunoregulation and inflammation and is in coresist with IL-10s anti-
inflammatory effect. It also reflects the clinicabservation of healing one month
after HSCT. Such production was not detected in Gfi&r HSCT, except in patients
conditioned with MAC. This discrepancy may be do¢he fact that at this early time
point after transplantation, T-cells may not hameaded the gingiva in sufficient
amounts to produce detectable cytokine levelsatrepts conditioned with MAC, IL-
10 levels were significantly elevated in GCF onenthaafter HSCT relative to RIC.
The increased production by IL-10 in these patieGSF is difficult to understand
because there is a general decrease in IL-10 in &@FHSCT, which is thought to
be due to lack of mature T-cells.

TNF-a is involved from early on in the inflammatory cade. It is mainly produced
by macrophages, but it is also produced by a bx@akty of other cell types, for
example lymphoid cells, mast cells, endothelialsgelnd fibroblasts. Large amounts
of TNF-u are released in response to bacterial prodddtke induction of TNFe by
microorganisms, for exampf&reptococcus viridans, may be important in the context
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of mucositis development, particulary in the tissleemage process, resulting in
further amplification of pro-inflammatory cytokingoduction®*?** TNF- together
with IL-1B, are normally both present at high levels also serum during
inflammation, and anti-inflammatory cytokines are law levels. This cytokine
balance is important during the inflammation preéé8Suprisingly, TNFe. levels
were found to be reduced in serum during HSCT trepts conditioned with MAC.
Using MAC, recipient cells producing TNkmay be wiped out by the conditioning.
It is possible that at time point 1 (7-14 days raH&CT), these cells were already
eradicated, which would explain the reduced lev@isTNF-o in serum. IL-6
production is induced by TNE&; but TNFe is also strongly inhibited by IL-6—
forming an effective negative feedback loop thatibits activation of the pro-
inflammatory cytokine cascad®# It is also possible that the increased leveld e |
in serum and GCF inhibit TNE-production or that the increased levels of the-ant
inflammatory cytokine IL-10 in serum inhibit thegaluction of TNFe.

We found a concomitant increase in IL-6, but noeotBignificant correlations
between cytokine levels in GCF and serum at ang.tifiinis may be because GCF is
not only a serum exudate but a complex mixtureubilstances derived from serum,
leucocytes, structural cells of the periodontiund amal bacteri§® which lead to
different inflammatory response. Later on, immumdiscfrom the donor will also
have an influence.
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MAIN FINDINGS AND CONCLUSIONS

Fractionated total body irradiation resulted inslesduction of salivary
secretion rate one year after allogeneic stemt@@isplantation (HSCT) than
single-dose total body irradiation, despite thénbrgotal dose of radiation.

Risk factors for a low stimulated salivary secnetrate one year after HSCT
were (1) single-dose total body irradiation and $@jopositivity of recipients
for 3—4 herpesviruses. A cumulative increase ik fectors resulted in less
salivary output.

There was no difference in long-term salivary fimct after HSCT in
adolescents at 15 years of age receiving conditgomith single dose total
body irradiation, fractionated total body irradaatj or busulfan, but there was
a negative correlation between age at conditioniitly single-dose total body
irradiation and salivary function. This correlationas not seen using
fractionated total body irradiation or busulfan.

There was a negative correlation between the t®yatemic exposure of
busulfan and the stimulated whole salivary secnetio

Female gender was a risk factor for salivary dysfion at 15 years of age
after HSCT, and girls had, at 15 years of agegaifstantly lower salivary
secretion than boys after HSCT.

Myeloablative conditioning was associated with mowreute oral
complications such as oral mucositis, compared éduced intensity
conditioning. Severe oral mucositis prolonged stayospital.

The oral hygiene protocol introduced was associatgth a lower oral
mucositis score. Other risk factors for oral muteswere (1) all donor-
recipient gender combinations except the femaleddorale-recipient situation
and (2) year of transplantation, especially bef20d1 when oral care was
intensified. With a cumulative increase in risktéas, the oral mucositis score
was higher.

There was a good correlation between the toxigigimg according to WHO
and OMAS when used in parallel.

There was no difference in the volume of gingivawvecular fluid at any time,
even between the groups conditioned with RIC or MAC

Patients conditioned with MAC or RIC had differguattterns of cytokines.

Significant correlations were found between seyeoit oral mucositis and
septicemia as well as between increase in serudnldivels and septicemia.
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* Except for a concomitant increase in IL-6, theres wa significant correlation
between cytokine levels in GCF and serum at ang pwint.

The present thesis has clinical, retrospective pmdpective cohort design. In the
first two studies we related the outcome todayrafidier exposure to different
conditioning procedures; in study I, sTBI and fT&id in study Il, sTBI, fTBI and
Bu. In those two studies, the patients were randediiafter exposure. In the
following two observational studies we followed tt@horts, RIC and MAC, forward
from exposure to outcome. The patients were natarmzed for the purpose of these
studies.

In conclusion, we demonstrated that side effedecang the salivary glands and oral
mucosa are frequent after allogeneic HSCT. We peuievidence that all the
conditioning regimens investigated have a long-teffact on salivary function after
allogeneic HSCT in children. Moreover, we identifiether risk factors for low
salivary secretion after allogeneic HSCT in childr&Ve demonstrated that different
conditioning regimens in preparation for allogendBCT result in different severity
of OM and that an intensified standard of oral caguces OM. Severe OM prolongs
hospitalization. We also identified several othek ffactors for the development of
OM and showed that the WHO and the OMAS OM scoraygtems are well
correlated to each other. Furthermore, we demdssithat cytokines in the GCF are
activated during allogeneic HSCT and that patigrite undergo MAC and RIC have
different patterns of cytokines. Our findings a8ww that except for a concomitant
increase in IL-6, there was no correlation betwegokine levels in GCF and serum
in patients with OM. Furthermore, there was noeatéhce in the volume of GCF at
any time, even between the groups conditioned Ri@ or MAC, which supports the
clinical findings that OM caused by chemotherapyurscommon in the gingival
sulcus area.

CLINICAL IMPLICATIONS

The conditioning regimens used in the preparatoiiSCT is continuously changing
with subsequent influence on the oral side-effdnterder to establish
recommendations for pre-, interim-, and post-catieapy management of oral
complications in patients with hematological digsawho undergo a high-dose
conditioning regimen and allogeneic stem cell tpéargtation, an understanding of the
scope of oral complications must be establishedbanmelated to time after treatment
and treatment regimen. Today, there is a lack wimehensive and effective oral
management regimens. With a deeper understandmgotomplications, oral care
regimens to minimize such complications can beqgutard and evaluated. Our
findings suggest that it is important to study effect of changes in conditioning
regimens on oral health parameters such as safwacgion. Long-term follow-up
after allogeneic stem cell transplantation is regglibecause children will have
permanently reduced salivary function, and mayireqdditional preventive measures
throughout their lives in order to maintain oraahle. By developing evidence-based
recommendations that have the potential to enhidwecappropriateness of clinical
practice, the acute oral complications may be redugatient outcome will be better,
and both cost-effectiveness and quality of lifd tad improved.
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