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ABSTRACT 
Oral mucositis (OM) is described as one of the most severe side effects of 
cancer therapy, causing immense pain that may significantly compromise 
treatment outcomes and increase healthcare costs. Cryoprevention using ice 
(IC) is a well-substantiated and recommended strategy for the prevention of 
chemotherapy-induced OM. However, the use of IC is associated with adverse 
reactions and infection risks from contaminated water. Evidence is also limited 
regarding optimal cooling temperature, timing and duration, leaving room for 
further optimization and increased tolerability of this modality. Furthermore, 
accurate diagnosis is essential for effective management of this condition. 

The rationale for this thesis was to provide new insights into cryoprevention 
for chemotherapy-induced OM to improve the supportive care of cancer 
patients. The specific aims were to: (i) compare the ICD and IC in the 
prevention of OM (defined as peak OMAS-total) in a randomized controlled 
trial involving myeloma and lymphoma patients receiving high-dose 
chemotherapy in conjunction with hematopoietic stem cell transplantation; (ii) 
evaluate intraoral temperature reduction and tolerability using the ICD set to 8 
°C and bc °C, respectively, during de and fe minutes of cooling; (iii) examine 
the trajectory of the intraoral temperature reduction using IC and ICD set to g 
°C and bc °C, respectively, during a de-minute cooling period; and (iv) evaluate 
interrater reliability between nurses and dentists specialized in orofacial 
medicine regarding OM assessments. 

The ICD was equally effective as IC in preventing OM in myeloma patients, 
and even more effective in the lymphoma group (Study I). The ICD set to bc 
°C was inferior to 8 °C in terms of reducing intraoral temperature (Study II). 
The greatest drop in intraoral temperature was seen after c minutes of cooling 
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with IC, the ICD set to !" °C and 8 °C, respectively (Study III). For OM of any 
grade, the overall interrater reliability between nurses and dentists specialized 
in orofacial medicine was found to be fair (Study IV). 

This thesis highlights that the ICD is promising in the prevention of OM and 
that cooling does not necessarily have to be prolonged or extremely cold to 
achieve clinical effect. This enables more individualized and tolerable cooling 
protocols. At the same time, the results highlight the need for increased 
knowledge, training and interprofessional collaboration in the diagnosis and 
management of OM. 

Keywords: Cryotherapy, Intraoral cooling device, Oral mucositis, Multiple 
myeloma, Lymphoma, Hematopoietic stem cell transplantation, High-dose 
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SAMMANFATTNING PÅ SVENSKA 
Oral mukosit (OM) beskrivs som en av de allvarligaste biverkningarna av 
cancerbehandling och orsakar smärta som avsevärt kan försämra 
behandlingsresultat och öka sjukvårdskostnader. Kryoprevention med is är en 
väl underbyggd och rekommenderad strategi för att förebygga 
kemoterapiinducerad OM. Användning av is är dock förknippad med 
biverkningar och infektionsrisker från förorenat vatten. Evidensen är också 
begränsad vad gäller när kylningen ska initieras, hur länge den ska fortgå efter 
avslutad cellgiftsinfusion samt vad som är den optimala intraorala 
kyltemperaturen. Detta lämnar utrymme för ytterligare optimering och ökad 
tolerans av denna metod. Dessutom är korrekt diagnostik avgörande för 
effektiv behandling av detta tillstånd. 

Syftet med denna avhandling var att ge nya insikter i kryoprevention av 
kemoterapiinducerad OM för att förbättra cancervården. De specifika målen 
var att: (i) jämföra en intraoral kylanordning (ICD) och is för att förebygga 
kemoterapiinducerad OM i en randomiserad kontrollerad studie med myelom- 
och lymfompatienter som genomgår högdosbehandling med cellgifter i 
samband med stamcellstransplantation; (ii) utvärdera intraoral 
temperatursänkning och tolerabilitet med hjälp av ICD inställd på 8 °C och bc 
°C under de och fe minuters kylning; (iii) undersöka förloppet avseende 
intraoral temperatursänkning med is och ICD inställd på 8 °C respektive bc °C 
under de minuters kylning; och (iv) utvärdera samstämmigheten mellan 
sjuksköterskor och tandläkare specialiserade inom orofacial medicin avseende 
OM-bedömningar. 

ICD var lika effektiv som IC för att förebygga OM hos myelompatienter, och 
ännu mer effektiv i lymfomgruppen (Studie I). ICD inställd på bc °C 
resulterade i lägre temperatursänkning i den intraorala slemhinnan jämfört med 
8 °C (Studie II). Den största reduktionen i intraoral temperatur observerades 
efter c minuters kylning med is, ICD inställd på 8 °C och bc °C (Studie III). 
Den övergripande samstämmigheten mellan sjuksköterskor och tandläkare 
specialiserade inom orofacial medicin befanns vara måttlig för OM av alla 
grader (Studie IV). 

Denna avhandling belyser att ICD är lovande för att förebygga OM och att 
kryoprevention inte nödvändigtvis behöver vara långvarig eller extremt kall 
för att uppnå klinisk effekt. Detta möjliggör mer individualiserade och 
tolererbara kylprotokoll. Samtidigt belyser resultaten behovet av ökad 
kunskap, utbildning och tvärprofessionellt samarbete vid diagnos och 
behandling av OM. 
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1 INTRODUCTION 

1.1 BACKGROUND 
Oral mucositis (OM) is a common, painful, inflammatory condition of the 
mucous membranes lining the oral cavity and is described as one of the worst 
adverse effects of cancer therapy (Kanagalingam et al., xebg). OM is 
characterized by erythematous lesions, often combined with ulceration, 
resulting in substantial harm and burden for the patients and healthcare 
(Epstein and Miaskowski, xeby). Radiation therapy (RT) for head and neck 
malignancies and specific chemotherapy (CMT) regimens, particularly those 
used in preparation for high-dose chemotherapy (HDCT), e.g., for multiple 
myeloma and lymphoma, are well established etiological factors with high 
reported incidence (Elting et al., xeeg, Elad et al., xexe). 

Oral pain, dysphagia, the need for parenteral nutrition, extended 
hospitalization, and a reduced quality of life (QoL) are a few consequences of 
OM which potentially may interrupt cancer treatment, putting the patients in a 
life-threatening situation. Consequently, there is a pronounced clinical 
relevance to reduce the frequency of this adverse effect both to alleviate patient 
suffering and to decrease financial burden on the healthcare system that OM 
entails (Abdalla-Aslan et al., xexc). Therefore, the reliability and accuracy of 
OM diagnosis plays an important role and is a prerequisite for correct 
management and evaluation of different OM interventions. However, there is 
a lack of both knowledge regarding interrater variability, and consensus on 
which profession should have the primary responsibility regarding OM 
assessments among healthcare professionals. This may have a profound 
negative impact on the overall OM management. 

The management of OM has undergone a shift from a palliative to preventive 
approach, driven by evidence that has accumulated over the past decades. 
Based on expert opinions by the Multinational Association of Supportive Care 
of Cancer/International Society of Oral Oncology (MASCC/ISOO), there are 
three recommended strategies for OM prevention (Elad et al., xexe). 
Cryotherapy (CT) using ice has been proven in several clinical trials to be the 
safest and most tolerable of these strategies (Correa et al., xexe). However, 
there remains a pronounced knowledge gap in the literature regarding critical 
aspects of CT that both impedes standardized protocols, and a wider 
implementation of this modality.  
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CT using ice is associated with considerable discomfort, such as chills, 
headache and shooting pain in the teeth (Walladbegi et al., xebz). More 
importantly, there is a potential health risk as ice made from contaminated 
water may expose immunocompromised patients to serious health risks 
(Kugler et al., bygd). To address these shortcomings and to understand the 
effect of CT on the intraoral tissues, a novel intraoral cooling device (ICD; Fig. 
b) was developed.  

 

 

 

 

 

 

 

1.2 CANCER AND TREATMENT 
Cancer is the second leading cause of mortality worldwide, following 
cardiovascular diseases, and accounted for an estimated y.z million deaths in 
xexx (Bray et al., xexq). Globally, data from the World Health Organization 
(WHO) reveal that b in f (~ bz %) deaths are due to cancer (WHO, xexe). In 
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myeloma (MM), various forms of lymphoma and acute and chronic leukemias 
constitute ~ z % (qgee cases) of the annual diagnoses in Sweden. These 
diagnoses and their corresponding treatment strategies are frequently 
associated with the development of OM and are therefore of interest to 
highlight in this thesis (Cancerfonden, xexqc).  

1.2.1 MULTIPLE MYELOMA 
MM is a clonal plasma cell (activated B-lymphocytes) malignancy in the bone 
marrow characterized by an abnormal production of monoclonal paraproteins, 
predominantly immunoglobulin G and A. In the bone marrow, the neoplasm 
affects the hematopoiesis which results in several symptoms including anemia, 
leukopenia, osteoclast-mediated bone destruction and hypercalcemia (Nau and 
Lewis, xeeg).  
 
In xexx, MM accounted for ~ bgg thousand new cases worldwide and resulted 
in more than bxe thousand deaths (Mafra et al., xexc). According to data from 
the Swedish cancer registry, MM constitutes approximately ffe new 
cases/year in Sweden. ~e disease is unusual before fe years of age and is more 
common among men than women. ~e course of illness differs between 
individuals and the prognosis is significantly correlated with age. ~e be-year 
survival after diagnosis is dz % (Cancerfonden, xexqb). However, despite 
improvement in previously poor survival rates, MM is considered incurable 
(Bergsagel, xebq). 

1.2.2 LYMPHOMA 
Lymphoid neoplasms are divided into two main subgroups, Hodgkin’s (HL) 
and non-Hodgkin’s lymphoma (NHL), which in turn comprise approximately 
de distinct subtypes (Aisenberg, xeee, Cancerfonden, xexd). The diverse forms 
of lymphoma present with widely varying clinical- and histopathological 
features and differ in terms of prognosis.  

Lymphoma is the most common hematological neoplasm in industrialized 
countries and, as a group, ranks as the seventh most common cancer in adults 
and the third most common in children (Kaatsch, xebe, Huh, xebx, McGuire, 
xebf). Lymphomas accounted for ~ d.c % of all global malignancies and for ~ 
dee thousand deaths worldwide in xexx (Bray et al., xexq). In Sweden 
approximately xcee cases are registered every year. NHL is the dominant 
subgroup and represents ~ xeee of the cases. NHL is further categorized in 
low- and high malignant lymphoma where the low malignant form is 
characterized by a slow progression with few or no symptoms at all. On the 
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contrary, the high malignant form has a more dramatic course and may present 
with certain non-specific symptoms including weight loss, fatigue and 
prolonged or recurrent fever without signs of infection, as well as low survival 
rates. Lymphoma may affect everyone but is more common among men than 
women and is unusual before fe years of age. Most lymphomas arise in B-
lymphocytes, but about be % are T-cell associated and occur more frequently 
among young individuals (Matasar and Zelenetz, xeeg, Cancerfonden, xexqa). 

The prognosis differs significantly, depending on the type and stage of 
lymphoma, but is generally better for low-grade lymphomas. The 5- and 10-
year relative survival rates are zc % and fe-fc % respectively (Cancerfonden, 
xexqa). 

1.2.3 CHEMOTHERAPY 
Chemotherapeutic drugs are a class of agents with systemic effects, meaning 
that they can target tumors at any anatomic location. The cytotoxic effects of 
CMT induce cell-cycle arrest and lead cells to undergo apoptosis, generally by 
inhibiting microtubule function, protein function, or DNA synthesis. The 
underlying mechanisms vary and may be cell cycle-dependent or cell cycle-
independent, primarily affecting tumor cell proliferation or directly damaging 
DNA, respectively. Cytotoxic drugs are generally categorized as alkylating 
agents, antimetabolites, antitumor antibiotics, topoisomerase inhibitors, and 
mitotic inhibitors. However, there are certain agents that act via alternative 
mechanisms and cannot be classified in any of the aforementioned categories.  

Cancer cells may vary widely in their susceptibility to CMT, hence sometimes 
combined or used in conjunction with other cancer modalities (Shewach and 
Kuchta, xeey). Furthermore, cytotoxic agents lack selectivity and may in 
addition to cancer cells, target rapidly proliferating healthy cells, thereby 
increasing the risk of adverse effects, including OM. 

Standard-dose chemotherapy (SDCT) regimens have proven effective for 
many cancers (Imrie et al., xeex). However, they are insufficient to cure certain 
malignancies, such as MM, relapsed lymphoma, and acute leukemias. In these 
settings, high-dose chemotherapy (HDCT) (myeloablative conditioning) has 
emerged as an effective approach. 

1.2.4 HIGH-DOSE CHEMOTHERAPY 
HDCT refers to CMT regimens administered at higher doses than SDCT and 
is sometimes combined with local or total body irradiation due to its ability to 
penetrate sanctuary sites. HDCT eradicates cancerous cells and induces 
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immunosuppression to facilitate engraftment of stem cells as part of 
myeloablative conditioning, consequently reducing the risk of potential graft 
rejection (Locatelli et al., xebq, Bacigalupo et al., xeey).  

The rationale for HDCT is that many anti-cancer agents exhibit a steep dose-
response relationship, i.e., small increases in dosage result in large increases in 
cancer cell destruction (Porrata and Adjei, xeeb). However, although cancer 
cells are killed to a greater extent, higher doses of cytotoxic agents often result 
in an increased severity and incidence of CMT-induced morbidity (e.g., 
infections, hemorrhage and organ failure). While SDCT causes transient bone 
marrow suppression, myeloablative conditioning is more hazardous and results 
in prolonged marrow aplasia, a potentially life-threatening state that requires 
hematopoietic stem cell support for recovery (Rodriguez et al., xeez). This 
procedure, hematopoietic stem cell transplantation (HSCT), is prepared in 
advance by harvesting and cryopreserving stem cells prior to conditioning 
therapy. Stem cells are collected from bone marrow or umbilical cord blood, 
or most commonly from peripheral blood. (Felfly and Haddad, xebq, Park et 
al., xebc).  

1.2.5 HEMATOPOIETIC STEM CELL 
TRANSPLANTATION 

HSCT is a procedure in which the bone marrow is replaced due to infections, 
disease or conditioning myeloablative therapy. Treatment outcomes were 
initially poor but development of methods, which allowed for donor and 
recipient HLA matching, eventually led to one of the greatest medical 
successes in history (Moore and Sakamoto, xeec, Henig and Zuckerman, xebq). 
In Sweden, the first HSCT was performed in byzc at the Karolinska University 
Hospital, Huddinge.  
 
In theory, HSCT following myeloablative conditioning versus conventional 
SDCT alone has two major advantages. Firstly, it allows higher doses of 
cytotoxic agents compared to standard-dose which would otherwise be toxic 
to the bone marrow. Secondly, depending on the type of transplantation (i.e. 
autologous or allogenic) graft-versus-tumor (GVT) effect may positively affect 
the cancer treatment outcomes (Moore and Sakamoto, xeec, Porter, xebb).  
 
In the current era, HDCT followed by HSCT is the standard of care for several 
malignant conditions (e.g. MM and lymphoma) as well as selected non-
malignant disorders. HSCT is categorized as autologous (AHSCT) or allogenic 
(aHSCT). ~e type of malignancy, sensitivity to CMT, availability of a suitable 
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donor, patient age, and susceptibility of the malignancy to GVT effects 
influence the suitability of each treatment modality (Majhail et al., xebc).  
An estimated yd thousand HSCT were performed worldwide in xebg. Of 
these ~ qy thousand are AHSCT and ~ qq thousand aHSCT (Atsuta et al., 
xexq). ~e estimated yearly figures in Sweden are fee AHSCT and qee 
aHSCT. 

1.2.6 AUTOLOGOUS HEMATOPOIETIC STEM CELL 
TRANSPLANTATION 

Prior to AHSCT, a careful examination of the cardiovascular function, 
comorbidity and performance status is performed to ensure that the patient is 
suitable for treatment. ~e process that follows comprises administration of 
bone marrow stimulating drugs, granulocyte colony-stimulating factor (G-
CSF), extraction of stem cells (apheresis) and storage of harvested cells in a 
freezer. Subsequent procedures include myeloablative therapy, with HDCT 
and/or RT, and transfusion of the patient’s own stored stem cells. ~us, 
AHSCT is not a true “transplant” in this context. Later, within x-d weeks, the 
infused stem cells replace the damaged tissue and start to restore the patient’s 
hematopoiesis (Ali et al., xebc).  
 
AHSCT is associated with a low overall risk of infection due to rapid immune 
reconstitution and with a low incidence of transplant rejection and graft-
versus-host disease (GVHD), since donor and recipient are the same 
individual. However, the early post-transplant period remains critical, as 
patients face their greatest risk of infection and post-transplant mortality 
(Shlomchik, xeez). 

1.2.7 ALLOGENIC HEMATOPOIETIC STEM CELL 
TRANSPLANTATION 

Allogenic hematopoietic stem cell transplantation (aHSCT) is different from 
AHSCT and involves two individuals: the transplant donor and the recipient 
who are matched with a human leukocyte antigen (HLA), a protein which is 
expressed in duplicate on the cell surface and is considered of great importance 
to the immune system. ~e donor, who can be related or unrelated, and the 
recipient should preferably have identical HLA-matched stem cells, to reduce 
the risk of transplant rejection and GVHD. Approximately de % of aHSCT 
recipients have a fully HLA-matched donor, and even these patients may suffer 
from GVHD due to mismatches in minor histocompatibility antigens (Hansen 
et al., byge, Singh and McGuirk, xebf).  
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Cancer therapy, particularly HDCT followed by HSCT, is a complex and 
resource-intensive process associated with multiple potential adverse effects. 
Although the risk of developing adverse effects varies among patients, 
mucositis and more specifically OM, along with its associated symptoms are 
frequently reported in the literature (Epstein et al., xebx, Migliorati et al., xebc, 
Berger et al., xebg).  

1.2.8 ORAL MUCOSITIS 
OM comes with a significant burden for patients with pronounced negative 
impact on treatment outcome and economic consequences for the healthcare 
(Vera-Llonch et al., xeez, Elting and Chang, xeby). The incidence varies 
depending on the treatment regimen, with SDCT being associated with an 
incidence of around qe %, whereas OM is observed in up to ge % among 
patients receiving HDCT (Berger et al., xebg). RT-regimens are even more 
tissue damaging with reported incidences of up to bee % (Berger et al., xebg).  

1.2.8.1 PATHOBIOLOGY 
The cytotoxic effect of CT induces a complicated, preclinical cascade of 
inflammatory events in the subepithelium that precedes the clinical 
manifestation of OM. This has been described in a c-stage process: b) initiation; 
x) primary damage response; d) signal amplification; q) ulceration; and c) 
healing. In general, the cytotoxic agent induces tissue damage that 
consequently results in the activation of transcription factors, pro-
inflammatory cytokines such as interleukin-f and TNF-alpha, and reactive 
oxygen species, which mainly drive the inflammatory response subsequently 
resulting in tissue damage (Fig. x) (Bowen et al., xeby). 

1.2.8.2 CLINICAL CHARACTERISTICS 
Clinically, patients receiving CMT typically experience a sore and stinging 
sensation in the oral mucosa a few days following infusion. Symptoms develop 
gradually and generally peak in intensity around days be-bq until it 
spontaneously resolves after x-q weeks (Sonis, xeey). The course of OM in 
patients receiving RT therapy is more pronounced and prolonged, with 
ulcerations remaining up to q weeks following the last dose of radiation (Sonis, 
xeey). The presence of secondary infection may prolong the duration of OM, 
further compromising nutrition and increasing the risk for systemic infections. 

1.2.8.3 DIAGNOSIS 
Severe grades of OM (Fig. x) not only necessitate parenteral analgesic 
intervention, but also affect cancer treatment through dose limitations and, in 

1. INTRODUCTION



Cryoprevention of Chemotherapy-Induced Oral Mucositis 

  6  

donor, patient age, and susceptibility of the malignancy to GVT effects 
influence the suitability of each treatment modality (Majhail et al., xebc).  
An estimated yd thousand HSCT were performed worldwide in xebg. Of 
these ~ qy thousand are AHSCT and ~ qq thousand aHSCT (Atsuta et al., 
xexq). ~e estimated yearly figures in Sweden are fee AHSCT and qee 
aHSCT. 

1.2.6 AUTOLOGOUS HEMATOPOIETIC STEM CELL 
TRANSPLANTATION 

Prior to AHSCT, a careful examination of the cardiovascular function, 
comorbidity and performance status is performed to ensure that the patient is 
suitable for treatment. ~e process that follows comprises administration of 
bone marrow stimulating drugs, granulocyte colony-stimulating factor (G-
CSF), extraction of stem cells (apheresis) and storage of harvested cells in a 
freezer. Subsequent procedures include myeloablative therapy, with HDCT 
and/or RT, and transfusion of the patient’s own stored stem cells. ~us, 
AHSCT is not a true “transplant” in this context. Later, within x-d weeks, the 
infused stem cells replace the damaged tissue and start to restore the patient’s 
hematopoiesis (Ali et al., xebc).  
 
AHSCT is associated with a low overall risk of infection due to rapid immune 
reconstitution and with a low incidence of transplant rejection and graft-
versus-host disease (GVHD), since donor and recipient are the same 
individual. However, the early post-transplant period remains critical, as 
patients face their greatest risk of infection and post-transplant mortality 
(Shlomchik, xeez). 

1.2.7 ALLOGENIC HEMATOPOIETIC STEM CELL 
TRANSPLANTATION 

Allogenic hematopoietic stem cell transplantation (aHSCT) is different from 
AHSCT and involves two individuals: the transplant donor and the recipient 
who are matched with a human leukocyte antigen (HLA), a protein which is 
expressed in duplicate on the cell surface and is considered of great importance 
to the immune system. ~e donor, who can be related or unrelated, and the 
recipient should preferably have identical HLA-matched stem cells, to reduce 
the risk of transplant rejection and GVHD. Approximately de % of aHSCT 
recipients have a fully HLA-matched donor, and even these patients may suffer 
from GVHD due to mismatches in minor histocompatibility antigens (Hansen 
et al., byge, Singh and McGuirk, xebf).  
 

Aram Ibrahim 

 7 

Cancer therapy, particularly HDCT followed by HSCT, is a complex and 
resource-intensive process associated with multiple potential adverse effects. 
Although the risk of developing adverse effects varies among patients, 
mucositis and more specifically OM, along with its associated symptoms are 
frequently reported in the literature (Epstein et al., xebx, Migliorati et al., xebc, 
Berger et al., xebg).  

1.2.8 ORAL MUCOSITIS 
OM comes with a significant burden for patients with pronounced negative 
impact on treatment outcome and economic consequences for the healthcare 
(Vera-Llonch et al., xeez, Elting and Chang, xeby). The incidence varies 
depending on the treatment regimen, with SDCT being associated with an 
incidence of around qe %, whereas OM is observed in up to ge % among 
patients receiving HDCT (Berger et al., xebg). RT-regimens are even more 
tissue damaging with reported incidences of up to bee % (Berger et al., xebg).  

1.2.8.1 PATHOBIOLOGY 
The cytotoxic effect of CT induces a complicated, preclinical cascade of 
inflammatory events in the subepithelium that precedes the clinical 
manifestation of OM. This has been described in a c-stage process: b) initiation; 
x) primary damage response; d) signal amplification; q) ulceration; and c) 
healing. In general, the cytotoxic agent induces tissue damage that 
consequently results in the activation of transcription factors, pro-
inflammatory cytokines such as interleukin-f and TNF-alpha, and reactive 
oxygen species, which mainly drive the inflammatory response subsequently 
resulting in tissue damage (Fig. x) (Bowen et al., xeby). 

1.2.8.2 CLINICAL CHARACTERISTICS 
Clinically, patients receiving CMT typically experience a sore and stinging 
sensation in the oral mucosa a few days following infusion. Symptoms develop 
gradually and generally peak in intensity around days be-bq until it 
spontaneously resolves after x-q weeks (Sonis, xeey). The course of OM in 
patients receiving RT therapy is more pronounced and prolonged, with 
ulcerations remaining up to q weeks following the last dose of radiation (Sonis, 
xeey). The presence of secondary infection may prolong the duration of OM, 
further compromising nutrition and increasing the risk for systemic infections. 

1.2.8.3 DIAGNOSIS 
Severe grades of OM (Fig. x) not only necessitate parenteral analgesic 
intervention, but also affect cancer treatment through dose limitations and, in 

1. INTRODUCTION



Cryoprevention of Chemotherapy-Induced Oral Mucositis 

  8  

some cases, treatment interruption (Elting et al., xeed). The extensive negative 
impact of OM inevitably places high demands on accurate diagnosis and 
management. The diagnosis of OM typically relies on clinical examination of 
the oral mucosa in combination with patient-reported symptoms, reflecting 
both objective and subjective clinical findings. Several validated instruments 
are described in the literature for the assessment and grading of OM severity, 
of which the World Health Organization toxicity scale (WHO-scale) and Oral 
Mucositis Assessment Scale (OMAS) are two of the most commonly used 
(Sonis et al., byyy). The latter, however, does not consider patient-reported 
symptoms. 

There is currently no consensus on which healthcare profession should hold 
the primary clinical responsibility for OM assessments. In Scandinavian 
countries, daily assessments are usually conducted by nurses and occasionally 
by dentists specialized in orofacial medicine throughout the course of 
treatment. Consequently, there is considerable heterogeneity in assessment 
practices in hospitals and across countries. Studies comparing reliability and 
accuracy in OM assessments between different professions are lacking which 
potentially jeopardize patient safety and the interpretation of previous studies 
in the field of OM. On the other hand, several studies highlight an inadequate 
knowledge regarding the oral cavity and its diseases among nurses (Raymond 
and Agyeman-Yeboah, xexd, Gundogdu and Sayar, xexx). Furthermore, no 
evidence-based guidelines exist regarding which clinical healthcare profession 
should be responsible for the OM assessments.  

 

 

 

 

 

 

 

 
Figure *. Oral mucositis, Grades I–IV (World Health Organization scale). Grades III 
and IV are considered as severe oral mucositis. Photographs courtesy of Dr. D. Öhman, 
The Sahlgrenska Academy, University of Gothenburg, Sweden. 
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1.2.8.4 PREVENTION 
Over the past decades, various strategies have been introduced to treat already 
established OM. However, due to varying clinical outcomes, inconsistent 
evidence and the complex pathobiology of OM, interventions have shifted 
from treatment to prevention. Three preventive interventions are recommended 
by the MASCC/ISOO: Recombinant human keratinocyte growth factor-1 
(Palifermin), photobiomodulation (PBM) and oral cryotherapy (Elad et al., 
xexe). 

Recombinant human keratinocyte growth factor-1 (Palifermin) 

The general principle behind growth factors is the stimulation of cell growth, 
proliferation and differentiation. By affecting structural components in the oral 
mucosa, such as epithelial cells, fibroblasts and keratinocytes, Palifermin 
strengthens the integrity of the intraoral mucosa making it more resistant to 
OM and interacts with several pathways that mediate the inflammatory 
response. However, the administration of Palifermin is based on intravenous 
injections several days before, and after HDCT, and comes with a considerable 
cost exceeding geee USD per patient. Further, significant side effects have 
been reported, such as taste alterations, paresthesia and pruritus (Radtke and 
Kolesar, xeec). Hence, Palifermin has been withdrawn from the European 
Medicines Agency since xeef. 

Photobiomodulation (PBM) 

PBM is based on non-ionizing light around fcenm, with pain relieving, anti-
inflammatory and wound healing properties (Courtois et al., xexb). PBM is a 
well-studied intervention both for prevention and treatment of established OM. 
The MASCC/ISOO recommends the use of PBM in prevention of OM for 
patients treated with HDCT in conjunction with HSCT with or without total 
body irradiation, and for patients receiving RT or RT-CT for head and neck 
cancer. However, PBM is linked to concerns. The large number of different 
PBM devices on the market has complicated the development of standardized 
protocols. Chair time, lack of training, cost of the PBM-device and concerns 
about malignant transformation are factors reported by clinicians, limiting the 
adoption of this intervention (Courtois et al., xexb, Abdalla-Aslan et al., xexd). 
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Figure *. Oral mucositis, Grades I–IV (World Health Organization scale). Grades III 
and IV are considered as severe oral mucositis. Photographs courtesy of Dr. D. Öhman, 
The Sahlgrenska Academy, University of Gothenburg, Sweden. 
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1.2.8.4 PREVENTION 
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Cryotherapy 

CT is one of the most substantiated interventions in the prevention of OM and 
is recommended for patients receiving HDCT in conjunction with AHSCT or 
SDCT with bolus c-fluorouracil (Elad et al., xexe). The generally accepted 
theory is that temperature reduction in the oral mucosa results in local 
vasoconstriction, thus reducing the amount of the cytotoxic chemotherapeutic 
agent reaching the tissue. In addition, colder temperatures may reduce the 
cellular metabolism in the oral epithelium, which could further limit the 
cytotoxic impact of CMT in the oral mucosa (Walladbegi et al., xexd). 

In recent decades, several studies have shown promising results mainly using 
ice chips (IC), for the prevention of CMT-induced OM (Correa et al., xexe). 
Unfortunately, the use of CT has not lived up to its preventive potential, which 
may be attributed to several reasons. 

1.2.8.5 LIMITATIONS OF CRYOTHERAPY USING IC 
Despite the promising preventive effect of CT using IC, this modality comes 
with several aspects that must be considered. The use of IC has been reported 
to induce headache, tooth sensations and chills, all of which may affect patient 
compliance and tolerability (Kadakia et al., xebq). Further, current evidence 
shows varying cooling protocols, i.e. when cooling should be commenced, for 
how long, and at which cooling temperature. This may be attributed to the lack 
of knowledge with respect to the optimal temperature for OM prevention. 
More importantly, severe grades of OM disrupt the integrity of the intraoral 
mucosa exposing the immunocompromised patient to a higher risk of infection 
(Jensen and Peterson, xebq, Riley et al., xebc). This places high demands on the 
quality of water used in the production of IC to avoid microbial contamination.  

Taken together, these factors may be the reason for the limited use of CT using 
IC in the prevention of OM worldwide.   

1.2.8.6 THE INTRAORAL COOLING DEVICE  
The limitations of IC have consequently resulted in a need for innovation in 
the field of CT (Kadakia et al., xebq). To overcome the obstacles that exist with 
IC and enable an increased clinical implementation, the ICD was developed 
(Fig. b).  

The ICD is a portable cooling and thermostat unit. It consists of conduits for 
circulating water with an adjustable temperature between f °C and xx °C at a 
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flow rate of e.xc L/min. The soft-plastic design comes at different sizes and 
cools the cheeks, lips, floor of the mouth, tongue, gums and hard palate.  

1.2.8.7 TIMING AND TEMPERATURE 
Given the theory of vasoconstriction and reduced cell metabolism, it is 
believed that the lowest achievable temperature in the oral mucosa provides 
the best conditions for OM prevention. Intraoral cooling is initiated prior to 
CMT infusion, continues during, and for some time after infusion. While the 
post-infusion cooling is dependent on the half-life of the chemotherapeutic 
drug, pre-infusion cooling time is not standardized. The lack of evidence on 
when the lowest temperature is achieved during cooling probably explains the 
variations, from minutes to hours, seen in cooling protocols in the literature. 

Regardless of cooling temperature, an intraoral temperature plateau seems to 
occur following c minutes of cooling (Study III). There is also evidence 
suggesting that a moderate reduction in intraoral temperature of just a few 
degrees Celsius may be sufficient to prevent OM (Walladbegi et al., xexd). 
This knowledge questions whether longer cooling sessions are needed for OM 
prevention.  
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2 SCIENTIFIC QUESTIONS 
The overall goal of this thesis was to increase the understanding of 
cryoprevention of OM. The specific aims of this thesis, which were defined to 
answer the scientific questions, were as follows: (i) to compare the ICD and IC 
in the prevention of OM (defined as peak OMAS-total) in a randomized 
controlled trial involving myeloma and lymphoma patients receiving HDCT in 
conjunction with HSCT; (ii) evaluate intraoral temperature reduction and 
tolerability using the ICD set to g °C and bc °C, respectively, during de and fe 
minutes of cooling; (iii) examine the trajectory of the intraoral temperature 
reduction using IC and ICD set to g °C and bc °C, respectively, during a de-
minute cooling period; (iv) evaluate interrater reliability between nurses and 
dentists specialized in orofacial medicine regarding OM assessments.  

Scientific questions:  

1. Is there a difference in peak OMAS-total between myeloma- and 
lymphoma patients using the ICD and IC, during HDCT in conjunction 
with HSCT? (Study I) 

 
2. Is there a difference in intraoral temperature reduction when cooling with 

the ICD set to g °C and bc °C? (Study II) 
 

3. Is cooling better tolerated with the ICD set to bc °C compared to g °C? 
(Study II) 

 
4. When is the steady state temperature in the intraoral mucosa achieved 

when cooling with IC, and the ICD set to g °C and bc °C, respectively? 
(Study III) 

 
5. Is the assessment of OM severity comparable between dentists specialized 

in orofacial medicine and registered nurses? (Study IV) 
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3 MATERIALS & METHODS 

3.1 STUDY DESIGNS 
Study I was a randomized controlled clinical trial and included patients 
diagnosed with myeloma and lymphoma scheduled for HDCT followed by 
HSCT to evaluate the effect of the ICD in preventing OM. Given the results of 
Study I, Study II was designed as a crossover trial in healthy volunteers to 
assess the cooling efficacy of higher cooling temperatures (g- and bc °C) than 
used previously. A crossover design on healthy volunteers was also conducted 
in Study III, where the intraoral temperatures during a clinically relevant time 
of cooling were analyzed using different cooling temperatures. Study IV was 
a retrospective, secondary analysis of data obtained from Study I regarding 
OM assessments between specialized dentists and nurses. 

3.2 STUDY POPULATION 

3.2.1 STUDY I AND IV 
Study I and IV consisted of bgx eligible patients recruited between June xebz 
and November xeby. The study was conducted at five university hospitals in 
Sweden and Norway: Uppsala University Hospital, Karolinska University 
Hospital, Linköping University Hospital, Örebro University Hospital, and 
Oslo University Hospital. The participants had confirmed multiple myeloma 
(n=bcf; gc.z %) or lymphoma (n=xf; bq.d %), were ≥bg years of age, and 
scheduled for HDCT and HSCT treatment. Furthermore, eligible patients had 
to be suitable candidates for high-dose regimen with melphalan (for multiple 
myeloma) or BEAC/BEAM (for lymphoma), as assessed by the investigator. 
The BEAC regimen included carmustine, cytarabine, etoposide, and 
cyclophosphamide, whereas cyclophosphamide was replaced by melphalan in 
the BEAM regimen. 

3.2.2 STUDY II AND III 
Study II and Study III each included 20 healthy dental students and were 
conducted in xebg and xexb, respectively. Study II comprised c men and bc 
women with a mean age of xd years (SD ± b year). The corresponding figures 
for Study III were be men and be women and a mean age of xz years (SD ± d 
years). Both studies were carried out at the Department of Oral Medicine and 
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Pathology, Institute of Odontology, The Sahlgrenska Academy, University of 
Gothenburg, Sweden. Eligibility criteria were based on the following: no 
medical diagnoses established by physician; no medication with any impact on 
the cardiovascular system and no use of tobacco or oral tobacco products or 
snuff. 

3.3 INTERVENTIONS AND DATA 
COLLECTION 

CT was a recurring intervention across the studies in this thesis. Different 
cooling methods and protocols were used and evaluated as potential 
procedures to prevent OM. Conventional CT using IC and the ICD set at g- 
and bc °C were used. All studies in this thesis shared the same basic cooling 
concept, however, they differed in design and approach and included not only 
physiological outcomes of CT, but also and clinical and diagnostic aspects of 
OM.  

3.3.1 STUDY I 
Patients diagnosed with myeloma or lymphoma were randomized (b:b) to 
intraoral cooling with either IC or the ICD. The cooling session continued for 
b.c h for myeloma patients. Patients diagnosed with lymphoma and scheduled 
for BEAC regimen were subjected to b.c-d.c h cooling sessions, b-x times a day 
for c consecutive days. The cooling protocol for lymphoma patients scheduled 
for the BEAM regimen was b-xh cooling sessions, b-x times per day for 6 
consecutive days. For all patients, cooling was initiated de minutes prior to 
CMT infusion, maintained throughout infusion, and continued for de minutes 
post-infusion.  

IC was made from tap water with an approximate temperature of –e.c °C upon 
cooling. The ICD was available in x sizes (medium and large) and set to g °C 
(±x °C). Prior to each cooling session, patients received instructions on how to 
cool the intraoral mucosa using IC and the ICD.  

OM was assessed by clinical examination using OMAS (Oral Mucositis 
Assessment Scale) by dentists specialized in oral medicine, three times a week 
until discharge or until day +xg after HSCT. Areas of assessment included 
buccal and palatal mucosae, lips, floor of the mouth, tongue, and gingiva. 
Intraclass correlation (ICC) was calculated to measure the interrater agreement 
between the dental staff. To assess tolerability, patients completed a 
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questionnaire describing perceived pain in association with the cooling 
procedure. Patients were also asked to fill out a validated QoL instrument (the 
functional assessment of cancer therapy – general; FACT-G) at admission and 
at discharge.  

The questionnaires used in Study I are published in full together with the 
original article and are therefore not reproduced in the appendix of this thesis. 

3.3.2 STUDY II 
In this experimental, double-blinded crossover study healthy volunteers were 
randomized to cool the intraoral mucosa using the ICD set at g- or bc °C. Each 
participant attended two cooling sessions with at least xq hrs between sessions. 

A thermographic camera (FLIR Efe (bx), FLIR Systems Inc., Wilsonville, OR, 
USA) was used to record intraoral temperatures at baseline, following de- and 
fe minutes, respectively. All recordings were conducted by the same two 
investigators, who had previously undergone calibration to ensure 
standardization. The intraoral sites of interest were buccal and palatal mucosae, 
lips, floor of the mouth, tongue, and gingiva. The mean intraoral temperature 
for each site was calculated using the FLIR software tool. Following each of 
the two cooling sessions, participants were asked to fill out a questionnaire 
related to tolerability and adverse events. After completing both cooling 
sessions, each participant was asked which of the two sessions they preferred. 

3.3.3 STUDY III 
Healthy volunteers were randomized to three intraoral cooling sessions in a 
crossover design, using IC and the ICD set at g- and bc °C, respectively. To 
prevent carry-over effects, a minimum washout period of xq hrs was 
implemented between each session. Each cooling session lasted de minutes, 
during which intraoral temperature was recorded using a thermographic 
camera (FLIR Efe (bx), FLIR Systems Inc., Wilsonville, OR, USA) at baseline 
and following c, be, bc, xe, and de minutes. Measurements were taken at the 
following intraoral sites: buccal and palatal mucosae, lips, floor of the mouth, 
tongue, and gingiva. Consistent with the methodology in Study II, the mean 
intraoral temperature for each site was calculated by two blinded investigators 
using the FLIR software tool. 
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3.3.4 STUDY IV 
No intervention was carried out in Study IV, which was a secondary analysis 
of data collected from Study I. This study compared OM assessments between 
dentists specialized in orofacial medicine and registered nurses, using the 
WHO-scale. 

3.4 OUTCOME MEASURES 
In this thesis, the outcomes were primarily related to degree of OM developed 
in cancer patients treated with HDCT followed by HSCT, effect and 
tolerability of CT using different cooling protocols, and diagnostic variability 
between specialized dentists and nurses. 

3.4.1 STUDY I  
The primary endpoint was the highest OMAS score recorded (peak-OMAS) in 
myeloma and lymphoma patients using IC or the ICD. The secondary 
endpoints concerned tolerability and oral pain perceived in association with the 
intraoral cooling using IC and the ICD. Following each cooling session, 
patients were instructed to fill out a study specific questionnaire measuring 
tolerability and a numeric pain rating scale (NPRS) to assess oral pain (defined 
as NPRS ≥ d). Numerous tertiary variables were gathered by nurses and can be 
found in the published paper. 

3.4.2 STUDY II 
To understand the efficacy of shorter cooling durations and higher cooling 
temperatures than used in Study I, this study focused on the difference in mean 
temperature reduction using the ICD applying different protocols. For this 
purpose, healthy volunteers were randomized to intraoral cooling with the ICD 
set to g- and bc °C for fe- and de minutes, respectively.  

3.4.3 STUDY III 
The dynamics of the intraoral mucosa during a course of de minutes of cooling 
was analyzed in Study III. The main aim of this study was to measure the 
intraoral temperature following c, be, bc, xe- and de minutes of cooling to 
assess when along the cooling period a steady state temperature is achieved 
applying different cooling protocols. 
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3.4.4 STUDY IV 
To measure reliability and accuracy of OM assessments between dentists 
specialized in orofacial medicine and registered nurses, a comparison of OM 
scores based on the WHO-scale was performed. 

3.5 STATISTICAL ANALYSES 
A multiple linear regression model was used to analyze the primary endpoint 
in Study I. Differences in mean peak OMAS–total between the treatment 
groups were tested with the Mann–Whitney U-test. The probability of free 
peak OMAS–total ≥ d for the two intervention groups, considering each 
diagnosis separately, were estimated using the Kaplan–Meier method and the 
log-rank test. Primary and safety analyses were performed by intention-to-
treat. The statistical analyses were employed using the IBM SPSS Statistics 
software package (IBM SPSS Statistics version xc, IBM, Armonk, NY). A p–
value ≤ e.ec was considered statistically significant. 
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The calculations were performed using the IBM SPSS Statistics software 
package (IBM SPSS Statistics version xq, IBM, Armonk, NY). 
 
To evaluate the interrater reliability in Study IV, Cohen’s Kappa (κ) statistics 
was used. Wilcoxon signed-rank test was used to determine statistically sig-
nificant differences between OM severity ratings provided by the orofacial 
medicine specialist and the nurse for each specific assessment. A p–value of ≤ 
e.ec was considered statistically significant. All statistical analyses were 
performed using the IBM SPSS Statistics software package, version xf (IBM 
Corp., Armonk, NY, USA). 

3.6 ETHICAL CONSIDERATIONS 
For Study I and Study IV, ethical approval was obtained by the Swedish Ethical 
Review Authority, Sweden (Reference number cgf-bc), and the Regional 
Committee for Medical and Health Research Ethics, Oslo, Norway (Reference 
number xebg/bfcd).  

Study II was performed in accordance with the ethical principles established 
in the WMA Declaration of Helsinki (Fortaleza, October xebd). The study was 
also reviewed and approved by the Department of Oral Medicine and 
Pathology, Institute of Odontology, The Sahlgrenska Academy, University of 
Gothenburg, Sweden, which was a request by the regional ethical review board 
in Gothenburg. The regional ethical review board in Gothenburg itself did not 
consider an ethical application necessary. 

Study III was reviewed and approved by the Swedish Ethical Review Authority 
(Reference No. xexb-ebexe). 
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4 RESULTS 

4.1 STUDY I 
OM of any grade was found in qq.x % (zf/bzx) of the entire cohort of this study 
whereas severe OM, defined as OMAS ≥ d, was diagnosed in by.d % (dd/bzx) 
of the patients. When comparing IC and the ICD in the prevention of OM in 
the whole study population, no statistically significant difference was found (x̄ 
± SD; b.xq ± b.fb vs. e.yy ± b.qz; p=e.dcb) (Fig. d). Further analysis of the 
preventive effect of IC and the ICD revealed no differences within the 
myeloma group (x̄ ± SD; e.yx ± b.qb vs. e.gc ± b.qb; p=e.zdq). However, when 
analyzing the lymphoma group, a statistically significant difference was 
observed between the IC and the ICD (x̄ ± SD; d.eg ± b.ce vs. b.zz ± b.cy; 
p=e.eqz) (Fig. d). 

 

 

 

 

 

 

 

 

Figure +. Peak OMAS–total (mean) for the total population, myeloma group, and the 
lymphoma group following cooling with ice chips (IC) or the intraoral cooling device 
(ICD). 
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4.2 STUDY II 
Cooling for fe minutes using the ICD set to g °C resulted in a mean intraoral 
temperature reduction of z.fy °C. The corresponding figure when the ICD was 
set to bc °C was c.xb °C. The difference of x.qg °C was statistically significant 
(p<e.eeb; yc % CI b.de to d.qe) (Fig. q). 

A mean intraoral temperature reduction of f.gy °C and c.ex °C was observed 
following de minutes of cooling when the ICD was set to g °C and bc °C, 
respectively. The difference of b.gz °C between the cooling temperatures was 
statistically significant (p < e.eeb; yc % CI e.zd to x.fe) (Fig. q). However, 
when compared to how much further an additional 30 minutes of cooling 
reduced the intraoral temperature at g °C and bc °C, respectively, no 
statistically significant differences were found. 

 

 

 

 

 

 

 

 

 

 

 

Figure ,. Comparison between intraoral temperatures at baseline (T0), ̂ I minutes (T1) and 
RI minutes (T2), with the intraoral cooling device (ICD) set to N °C and JO °C, respectively; 
ns, not significant; ***p < I.IIJ. 
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The questionnaire addressing tolerability was completed by all subjects and 
revealed that zc % (bc/xe) preferred cooling with the ICD set to bc °C (p <e.eeb; 
yc % CI ce.y to yb.d). 

4.3 STUDY III 
The greatest drop in mean intraoral temperature was seen following c minutes 
of cooling for all cooling temperatures, i.e., IC and ICD set to g °C or bc °C 
(Fig. c). Compared to baseline, IC resulted in a temperature reduction of f.x 
°C whereas the corresponding figures for the ICD set to g °C or bc °C were c.c 
°C and 4.5 °C, respectively. 

 

 

 

 

 

 

 

 

 

 

Figure -. Intraoral mucosal temperatures at baseline and following O, JI, JO, HI, and ^I 
minutes of cooling with ice chips (IC), and the intraoral cooling device (ICD) set to N and 
JO °C, respectively. 

When comparing the intraoral temperature at c and de minutes, an additional 
temperature decrease of d.b °C for IC, x.x °C for ICD set to g °C and b.z °C for 
ICD set to bc °C was observed (Fig. f). The difference was statistically 
significant for all three methods (p < e.eeb). 
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Figure .. Intraoral mucosal temperatures at baseline and following O, JI, JO, HI, and ^I minutes 
of cooling with ice chips (IC), and the intraoral cooling device (ICD) set to N and JO °C, 
respectively. *** p < I.IIJ. 

4.4 STUDY IV 
In total, bxz OM assessments using the WHO-scale were conducted by dentists 
specialized in orofacial medicine and registered nurses. The results showed 
that severe OM was associated with lower interrater reliability between the 
professions regarding OM assessments. Grade e showed an interrater 
agreement of fd % (qb/fc). The agreement for severe OM (grade d and q), 
corresponded to b/y (bb %) and e/x (e %), respectively. 
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5 DISCUSSION 
OM is an often neglected but potentially deadly side effect of HDCT in 
conjunction with autologous HSCT. OM results in increased risk for 
infections, complicating nutrition and cancer treatment, and reduces QoL for 
affected patients (Epstein and Miaskowski, xeby, Lalla et al., xeby, Barkokebas 
et al., xebc). The serious outcome of OM is not only a burden for the patients 
as it also comes with considerable resource utilization, particularly for cases of 
severe OM with incremental cost for OM-hospitalization estimated up to 
dzc,eee USD (Elting and Chang, xeby). Despite evidence confirming the 
preventive efficacy of cryoprevention in this matter, the implementation of this 
method is limited. In this context, a novel ICD was developed as an alternative 
to traditional IC to improve efficacy, tolerability and to reduce the potential 
risk of infection that is associated with IC made of contaminated water for this 
specific group of patients (Walladbegi et al., xebz).  

The results from the studies in this thesis collectively indicate that the ICD is 
at least as effective as IC in the prevention of OM, with a superior safety profile 
as the risk of infection from contaminated water is eliminated. Furthermore, 
the ICD showed increased tolerability especially when using higher cooling 
temperatures (Study I and Study II). The improved tolerability may be crucial 
in increasing patient compliance with cryoprevention, which in turn may 
positively impact adherence to cancer treatment. The ICD was also shown in 
Study I to be particularly effective and tolerable for lymphoma patients, who 
are subjected to extensive chemotherapeutic protocols with longer cooling 
sessions compared to patients diagnosed with myeloma. For the myeloma 
group, the ICD was equivalent to IC in preventing OM. Thus, the efficacy of 
the ICD in the prevention of OM was clearly demonstrated. As Study I was not 
primarily designed to compare tolerability of the two cooling modalities, any 
conclusion regarding this manner is primarily based on previous studies on 
healthy volunteers. However, difficulty swallowing reported by participants 
randomized to the ICD suggests that patient compliance could be improved by 
enhancing tolerability through technical modifications of the ICD, such as size 
optimization. Another limitation was the small number of lymphoma patients, 
which were enrolled from one study site and subjected to BEAC, with less 
pronounced OM compared to BEAM (Jantunen et al., xeed).  

The results from Study I raised the question whether higher cooling 
temperatures may increase tolerability further without compromising OM 
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prevention. Therefore, in Study II the difference in mean intraoral temperature 
reduction between intraoral cooling using ICD8°C and ICD15°C for de- and fe 
minutes was analyzed. Although the observed difference of approximately x 
°C was statistically significant, the clinical relevance remains questionable. 
Study II showed that the greatest drop in intraoral temperature occurs during 
the first de minutes of cooling when a steady state temperature is achieved, 
thus questioning the benefit of longer cooling sessions. It is well substantiated 
that cooling using colder temperatures is associated with several adverse 
events, such as cold, headache and teeth sensations (Walladbegi et al., xebz). 
This was confirmed in Study II where higher cooling temperatures seemed to 
further increase tolerability, as ICD15°C was preferred by the majority of 
participants. Considering the delicate structure of the intraoral mucosa, it 
appears reasonable that higher cooling temperatures are sufficient to achieve 
adequate temperature reduction locally in the mucosal tissue for OM 
prevention (Qin et al., xebz, Prestin et al., xebx). This is further indicated in an 
animal model where cooling temperature of de °C may be sufficient to affect 
the early inflammatory processes that precede clinically manifest OM 
(Walladbegi et al., xexd). This challenges the theory that the coldest 
temperature is also the most effective in preventing OM. 

Another important aspect of cryoprevention is when the cooling should be 
commenced in relation to CMT infusion. For all cooling methods used in Study 
III (IC, ICD8°C and ICD15°C) the greatest drop in intraoral temperature was 
observed following the initial c minutes of cooling. The intraoral temperature 
continued to decrease, however, to a limited degree for the remaining xc 
minutes of cooling. Consequently, the pattern observed indicates that the 
therapeutic effect may be achieved early in the cooling procedure. This 
observation is confirmed in several clinical studies where cooling is 
commenced c-be minutes prior to CMT infusion with low incidence of severe 
OM reported (Askarifar et al., xebf, Batlle et al., xebq, Rocke et al., byyd). This 
further indicates that even moderate intraoral temperature reduction may be 
enough to prevent the early inflammatory processes that precede OM.  

These findings may have important clinical implications as shorter cooling 
sessions may improve tolerability and potentially make cryoprevention 
feasible for a wider range of clinical situations. Defining the optimal cooling 
protocol (i.e., when cooling should be commenced and its duration) was an 
aspect that motivated the need to understand when, during the 30-minute 
cooling period, steady-state temperature is achieved. 
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An interesting finding of this thesis, demonstrated in Study IV, was only 
moderate intergroup agreement between the two professions regarding OM 
assessment. This raises questions about diagnostic reliability in healthcare. 
Although from a resource and cost perspective it is not always realistic to 
involve specialist dentists in every OM assessment, the importance of 
strengthening nurses' competence through education and further training is 
emphasized. A possible solution is the integration of specialized dentists as 
permanent members of multidisciplinary teams in hematology and oncology 
settings. This can lead to more consistent assessments, earlier interventions and 
improved patient outcomes, ultimately reducing the need for more expensive 
OM-associated complications, such as extended hospitalization. An additional 
interesting finding from Study IV was that interrater reliability varied between 
different study centers and that it declined as OM severity increased. An aspect 
to consider when interpreting the results is that statistical significance was not 
reached, although a trend was observed. An explanation for this may be that 
the entire study population received cryotherapy, which is an effective 
preventive intervention. Thus, the lower number of cases of severe OM in this 
study may have masked the differences in diagnostic reliability between the 
professions. However, the observed pattern demonstrated in this study 
emphasizes the importance of standardized assessment tools and protocols for 
OM grading. It is also conceivable that the varying level of education and 
experience of the nurses played a role, where previous research has shown that 
only half received formal training in OM and only be % received more than 
five hours of training in the area (Gundogdu and Sayar, xexx). 

From a healthcare perspective, cost-effectiveness should also be considered. 
OM is not only associated with increased patient suffering but also with 
extended care times, need for parenteral nutrition and intravenously 
administered opioids for pain relief (Epstein and Miaskowski, xeby, Lalla et 
al., xeby). Even if an investment in cooling systems and training of personnel 
initially entails a cost, in the longer term this can reduce the use of resources 
in health care and thus be both economically and ethically justifiable. 

Despite the promising results, the studies have also identified limitations. For 
example, the lymphoma cohort in Study I was small and recruited from one 
study center, limiting generalizability. The thermographic camera for 
temperature measurement in Study II and Study III in the oral cavity was not 
originally intended for intraoral measurements, which may affect the accuracy 
of the data. However, the same method was used for all comparisons, which 
likely minimizes systematic errors within each study. 

5. DISCUSSION



Cryoprevention of Chemotherapy-Induced Oral Mucositis 

  26  

prevention. Therefore, in Study II the difference in mean intraoral temperature 
reduction between intraoral cooling using ICD8°C and ICD15°C for de- and fe 
minutes was analyzed. Although the observed difference of approximately x 
°C was statistically significant, the clinical relevance remains questionable. 
Study II showed that the greatest drop in intraoral temperature occurs during 
the first de minutes of cooling when a steady state temperature is achieved, 
thus questioning the benefit of longer cooling sessions. It is well substantiated 
that cooling using colder temperatures is associated with several adverse 
events, such as cold, headache and teeth sensations (Walladbegi et al., xebz). 
This was confirmed in Study II where higher cooling temperatures seemed to 
further increase tolerability, as ICD15°C was preferred by the majority of 
participants. Considering the delicate structure of the intraoral mucosa, it 
appears reasonable that higher cooling temperatures are sufficient to achieve 
adequate temperature reduction locally in the mucosal tissue for OM 
prevention (Qin et al., xebz, Prestin et al., xebx). This is further indicated in an 
animal model where cooling temperature of de °C may be sufficient to affect 
the early inflammatory processes that precede clinically manifest OM 
(Walladbegi et al., xexd). This challenges the theory that the coldest 
temperature is also the most effective in preventing OM. 

Another important aspect of cryoprevention is when the cooling should be 
commenced in relation to CMT infusion. For all cooling methods used in Study 
III (IC, ICD8°C and ICD15°C) the greatest drop in intraoral temperature was 
observed following the initial c minutes of cooling. The intraoral temperature 
continued to decrease, however, to a limited degree for the remaining xc 
minutes of cooling. Consequently, the pattern observed indicates that the 
therapeutic effect may be achieved early in the cooling procedure. This 
observation is confirmed in several clinical studies where cooling is 
commenced c-be minutes prior to CMT infusion with low incidence of severe 
OM reported (Askarifar et al., xebf, Batlle et al., xebq, Rocke et al., byyd). This 
further indicates that even moderate intraoral temperature reduction may be 
enough to prevent the early inflammatory processes that precede OM.  

These findings may have important clinical implications as shorter cooling 
sessions may improve tolerability and potentially make cryoprevention 
feasible for a wider range of clinical situations. Defining the optimal cooling 
protocol (i.e., when cooling should be commenced and its duration) was an 
aspect that motivated the need to understand when, during the 30-minute 
cooling period, steady-state temperature is achieved. 

Aram Ibrahim 

 27 

An interesting finding of this thesis, demonstrated in Study IV, was only 
moderate intergroup agreement between the two professions regarding OM 
assessment. This raises questions about diagnostic reliability in healthcare. 
Although from a resource and cost perspective it is not always realistic to 
involve specialist dentists in every OM assessment, the importance of 
strengthening nurses' competence through education and further training is 
emphasized. A possible solution is the integration of specialized dentists as 
permanent members of multidisciplinary teams in hematology and oncology 
settings. This can lead to more consistent assessments, earlier interventions and 
improved patient outcomes, ultimately reducing the need for more expensive 
OM-associated complications, such as extended hospitalization. An additional 
interesting finding from Study IV was that interrater reliability varied between 
different study centers and that it declined as OM severity increased. An aspect 
to consider when interpreting the results is that statistical significance was not 
reached, although a trend was observed. An explanation for this may be that 
the entire study population received cryotherapy, which is an effective 
preventive intervention. Thus, the lower number of cases of severe OM in this 
study may have masked the differences in diagnostic reliability between the 
professions. However, the observed pattern demonstrated in this study 
emphasizes the importance of standardized assessment tools and protocols for 
OM grading. It is also conceivable that the varying level of education and 
experience of the nurses played a role, where previous research has shown that 
only half received formal training in OM and only be % received more than 
five hours of training in the area (Gundogdu and Sayar, xexx). 

From a healthcare perspective, cost-effectiveness should also be considered. 
OM is not only associated with increased patient suffering but also with 
extended care times, need for parenteral nutrition and intravenously 
administered opioids for pain relief (Epstein and Miaskowski, xeby, Lalla et 
al., xeby). Even if an investment in cooling systems and training of personnel 
initially entails a cost, in the longer term this can reduce the use of resources 
in health care and thus be both economically and ethically justifiable. 

Despite the promising results, the studies have also identified limitations. For 
example, the lymphoma cohort in Study I was small and recruited from one 
study center, limiting generalizability. The thermographic camera for 
temperature measurement in Study II and Study III in the oral cavity was not 
originally intended for intraoral measurements, which may affect the accuracy 
of the data. However, the same method was used for all comparisons, which 
likely minimizes systematic errors within each study. 
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6 CONCLUSION 
This thesis highlights that the ICD is promising in the prevention of OM, with 
documented efficacy, improved comfort and increased safety in environments 
where water supply and quality may be uncertain. Furthermore, cooling does 
not necessarily have to be prolonged or extremely cold to achieve clinical 
effect, which enables more individualized and tolerable cooling protocols. At 
the same time, the results highlight the need for increased knowledge, training 
and interprofessional collaboration in the diagnosis and management of OM. 

To further develop the field of cryoprevention, future studies in a broader range 
of cancer diagnoses are needed, including subgroups at higher risk of 
developing OM within general oncology. Furthermore, patients with head and 
neck cancers receiving radiation therapy are particularly vulnerable to OM. 
However, the potential risk of protecting malignant cells using cryotherapy 
must be investigated. Improved tolerability by technical improvements of the 
ICD is needed and implementation of standardized assessment methods as well 
as clearer protocols for start time, duration and temperature during intraoral 
cooling should also be prioritized. With these measures, OM prevention can 
take a significant step forward, both scientifically and clinically.  
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7 FUTURE PERSPECTIVES 
Several interesting questions for future research were raised during this thesis. 
First, the accumulating evidence supporting the use of higher cooling 
temperatures prompts the question of how much further the temperature can 
be increased without compromising prevention OM. Given the delicate 
structure of the intraoral mucosa, only a modest reduction in temperature may 
be required. In fact, findings from animal models incubated at de °C have 
demonstrated beneficial effects on early inflammatory processes in the 
intraoral mucosa that precede clinically manifest OM (Walladbegi et al., xexd). 

Second, the question arises whether extraoral cooling could achieve an effect 
equivalent to intraoral cooling in the prevention of OM. In a feasibility study 
involving non-cancer patients, this approach resulted in a reduction of intraoral 
temperatures by x-d °C (Najaf et al., xexd). Such modality has the potential to 
overcome several limitations associated with of the ICD and intraoral cooling 
in general, including reported discomfort and challenges related to device 
sizing, cooling sensations, and headache, thereby further improving tolerability 
and patient compliance. Moreover, extraoral cooling may facilitate wider 
implementation of CT, for example in pediatric populations. It may also 
expand the anatomical reach of CT to include additional sites at risk, such as 
the oro- and hypopharynx/esophagus. 

Ultimately, the emergence of modern cancer treatments, such as targeted- and 
immune therapies, have been associated with novel oral mucosal toxicities and 
oral mucosal immune-related adverse events. The clinical manifestation and 
underlying pathobiology of these conditions have not been studied in depth but 
likely differ from OM associated with conventional cancer treatment, 
rendering this an interesting area for future research.   
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APPENDIX 
The author Ibrahim A. published earlier work under the name Mahdi A. 
Publications listed under Ibrahim A. and Mahdi A. refer to the same person. 
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