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In Chapter I, following a shortly reference concerning to colorectal cancer epidemiology  

and currently treatments available, including their considerable dose-limiting toxicities, such 

as oral mucositis, the motivation and the problem for the thesis will be presented – individual 

genetic variability as a predictive factors for oral mucositis in colorectal cancer patients 

submitted to chemotherapy. 

In Chapter II, an announcement of the aim of this study will be made.  

In Chapter III, background information will be provided to readers. A review on the 

assessment scales, epidemiology, clinical course, pathogenesis, predictive factors and 

management options for oral mucositis will be addressed in further detail. Expected genetic 

polymorphisms involved in the inflammatory reaction during the evolution of oral mucositis 

will be described.  

In Chapter IV, type of study, target population, sampling method, characteristics of patients 

to be studied, data collecting methods and statistical analysis will be described.  

In Chapter V, main results, concerning to participants characterization (clinical predictive 

factors) and role of genetic polymorphisms will be presented. 

The discussion of main findings and limitations of this research will be made in Chapter VI. 

Finally, in Chapter VII, conclusions about this study will be the starting point for needed 

future research. 

 

Results from this study were submitted and accepted for oral presentation and publication at 

the 16th United European Gastroenterology Week “UEGW 2008” (Vienna, Austria).       
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Oral mucositis induced by chemotherapy is a significant dose-limiting and onerous side effect 

of cancer therapy. The pathobiology of oral mucositis is not straightforward being estimated a 

role of both local and systemic factors, such as a variable inflammatory response in its 

development.  

The aim of this research was to establish the role of genetic polymorphisms in genes 

modulating the inflammatory response (IL-1α, IL-1β, IL-1RN, IL-6, TNF-α and COX-2) in 

the evolution of oral mucositis. From a consecutive series of colorectal cancer patients treated 

with chemotherapy and followed at IPOCFG-EPE between February and March 2008 

(n=108), cases with mucositis (n=26 (24%), most with oral mucositis graded 1-WHO (55%)) 

and those without mucositis (n=82 (76%)) were assessed for clinical data using patient 

records. Real Time-PCR and PCR-based RFLP techniques were used for genetic 

polymorphisms study in DNA samples (extracted from peripheral blood leukocytes).  

No differences were observed both in gender, mean age of participants, BMI, diabetes 

mellitus, dental prosthesis, smoking, alcohol consumption and hematological data changes 

between cases and controls. Previous oral mucositis was reported in a higher proportion of 

cases (35%) (vs 0% in controls, p≤0.001). A allele carriers of -308G>A TNF-α (GA and AA 

genotypes) have an increased risk for oral mucositis (2.3 95%CI: 0.61-8.67), when adjusted 

for earlier oral mucositis. For the remaining polymorphisms assessed no trend was noticed.  

In their consecutive series of patients, carriers of -308A allele of TNF-α seem to be involved 

in the risk for oral mucositis after chemotherapy for colorectal cancer. Further studies with 

larger samples should be conducted as this may represent a risk marker for this important 

side-effect after chemotherapy, in a way that may enable to submit patients to preventive 

strategies. These preventive strategies, such as the previous diagnosis of a genetic 

polymorphism related to oral mucositis inflammation, probably reduce its occurrence and 

severity on the basis of a specific management and, as a result, improve the patient’s quality 

of life.  
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A mucosite oral induzida por quimioterapia caracteriza-se como sendo um efeito secundário 

dispendioso e dose-limitante extremamente importante e é inerente ao tratamento da doença 

oncológica. A fisiopatologia da mucosite oral é complexa e considera-se o papel de ambos os 

factores locais e sistémicos, como por exemplo uma resposta inflamatória variável, no seu 

desenvolvimento. 

O intuito desde estudo foi determinar o papel dos polimorfismos genéticos nos genes que 

medeiam a resposta inflamatória (IL-1α, IL-1β, IL-1RN, IL-6, TNF-α e COX-2) no processo 

de evolução da mucosite oral. 

A partir de uma série consecutiva de doentes oncológicos com cancro colorrectal submetidos 

a quimioterapia e admitidos no IPOCFG-EPE entre Fevereiro e Março de 2008 (n=108), os 

casos com mucosite (n=26 (24%), a maioria com mucosite oral classificada no grau 1 – OMS 

(55%)) e os doentes oncológicos sem mucosite (n=82 (76%)) foram seleccionados através dos 

seus processos, tendo em conta a informação clínica.  

As técnicas de RT-PCR e de PCR-RFLP foram usadas no estudo dos polimorfismos genéticos 

em amostras de ADN (extraídas de leucócitos periféricos). 

Não foram identificadas quaisquer divergências entre géneros, idade média dos participantes, 

índice de massa corporal, diabetes mellitus, prótese dentária, hábitos tabágicos e alcoólicos e 

alterações hematológicas nos grupos caso e controlo. A mucosite oral prévia foi identificada 

numa grande proporção de casos (35%) (vs 0% no grupo controlo, p≤0.001). Os portadores do 

alelo A na posição -308G>A no gene TNF-α (genótipos GA e AA) possuem um risco 

acrescido para desenvolver a mucosite oral (2.3 95%CI: 0.61-8.67), quando os resultados são 

ajustados para a mucosite oral prévia. Relativamente aos restantes polimorfismos estudados, 

não foi observada qualquer tendência. 

Em suma, numa série consecutiva de doentes oncológicos, a presença do alelo A do TNF-α na 

posição -308, parece estar relacionada com o risco de desenvolver mucosite oral após os 

tratamentos de quimioterapia específicos para cancro colorrectal. Para que se possam 

estabelecer medidas profiláticas, serão necessários estudos ulteriores que incluam amostras de
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maiores dimensões, uma vez que este polimorfismo poderá constituir um factor de risco 

determinante no desenvolvimento da mucosite oral após quimioterapia,. Estas medidas 

preventivas, como por exemplo a identificação de um polimorfismo genético relacionado com 

a inflamação na mucosite oral, poderá reduzir a sua incidência e gravidade, através da 

implementação de estratégias específicas, e consequentemente, melhorar a qualidade de vida 

do doente oncológico.   
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Truth is a shining goddess, always veiled, always distant, 

never wholly approachable, but worthy of all the devotion of 

which the human spirit is capable." 

[Betrand Russell, 1961]  
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Increasingly, cancer assumes a threat position for the world population, comprising, by this 

way, an imperative cause of morbimortality. People adopt western lifestyle behaviors and live 

to older ages. As people live more years, aging related diseases, including cancer growths, 

will rise and it’s expected an increase of its prevalence in the first half of the century (Sapeta, 

2004). 

Cancer victimized 22.711 Portuguese in 2003, and is the second leading cause of death in 

Portugal, following heart and cerebrovascular diseases. Colorectal cancer is the first cause of 

death related to this pathology, and represents fourteen percent of the total cancer deaths 

(INE, 2003). 

Worldwide 783.000 new colorectal cancer cases per year are diagnosed and affect 

analogously both sexes (about 401.000 new cases in male gender and 381.000 new cases in 

female gender).  It is estimated that occurs almost 394.000 deaths per year due to this 

neoplasia, worldwide. In European Union, colorectal cancer appears as the second leading 

cause of death in male of total cancer cases. Worldwide, new colorectal cancer cases 

increased prompt and considerably since 1975 (when they were about 500.000) (Boyle et al, 

2000). 

In the past decade took place significant progress in the treatment of localized colorectal 

cancer, due to the advancements occurred in the surgery, radiation therapy and chemotherapy 

(Wolpin et al, 2007).    

Surgery remains the only therapeutic option capable to obtain the cure for the most part of 

colorectal cancer cases. However, chemotherapy and/or radiotherapy may be recommended as 

neo-adjuvant or adjuvant therapeutic alternatives. Currently, chemotherapy is responsible for 

the improvement of survival in various tumors and has an important role in the cure of cancer, 

in the enhancement of life expectancy and in the palliation of symptoms (Costa et al, 2005). 

However, these treatments have considerable dose-limiting toxicities, including oral mucositis 

(Fadda et al, 2006) and onerous side-effects in cancer treatment (Pico et al, 1998). 

Oral mucositis represents a foremost non-hematologic complication of cytotoxic 

chemotherapy and radiotherapy associated with considerable morbidity. 
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The incidence and severity of oral mucositis are influenced by the sort of antineoplastic 

treatment administered and by patient-related factors. Almost 40% of patients treated with 

conventional chemotherapy experience oral treatment-related complications (Köstler et al, 

2001). When the only drug administered is 5-Fluorouracil, severe oral mucositis occurs in 

approximately 15% of cancer patients (Spencer, 2005). Nevertheless, in polychemotherapy 

regimens, the administration of 5Fu combined with Irinotecan and Leucovorin is associated 

with rates of severe (grade 3-4) oral mucositis in only 5% (Sonis et al, 2004). In combined 

chemotherapy regimen with oxaliplatin-5Fu and Leucovorin, the risk of grade 1 and 2 of oral 

mucositis is 16% and 11%, respectively (Ravaioli et al, 2002). 

Oral mucositis is related to a variety of acute and chronic symptoms that exert a considerable 

negative impact on quality of life. These quality of life complications can endure for 6 months 

after the conclusion of antineoplastic treatments. In addition, it is associated with significant 

clinical and economic consequences, such as the delay or dose reductions of chemotherapy or 

radiotherapy, thus worsening long-term treatment outcomes and likewise the increase of the 

duration of hospitalization and the symptoms control needs. A nursing survey, realized in 

European countries, found that assessment and management practices for oral mucositis 

varied extensively across Europe. So, it is imperative to develop broadly accepted guidelines 

for the prevention and management of oral mucositis, in way to promote a standardization of 

practices and uniformity of care and increase the quality of care provided to patients (Stone et 

al, 2005). 

The multifactorial nature of oral mucositis (Fadda et al, 2006), related to patient or his 

surrounding environment, has been studied with intend of identify which agents contribute to 

its development. These predictive factors can be divided regarding its modifiable capacity.  

Those that have a changeable capacity include: oral hygiene (Dodd et al, 2000; McCarthy et 

al, 1998), hematological data, body surface area, smoking, alcohol consumption, presence of 

dental prosthesis and performance status (McCarthy et al, 1998). On the contrary, factors not 

modifiable or particularly difficult to modify comprise: sex (Vokurka et al, 2006), age 

(Repetto, 2003), ethnicity (McCollum et al, 2002), diabetes, sociodemographic data, salivary 

flow/xerostomia, regimen of cytotoxic drugs, herpes simplex virus antibody titer (McCarthy 

et al, 1998), patient’s diagnosis (Pico et al, 1998), and genetic polymorphisms in the 

expression of transcription factors transforming the inflammatory reaction (IL-1β, Il-6 e TNF-

α) (Köstler et al, 2001). 
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As the pathobiology of oral mucositis is not simple, it is anticipated a role of both global (i.e. 

gender, race) and tissue specific factors (i.e. epithelial type, local microbial environment) 

(Anthony et al, 2006), such as a changeable inflammatory response in its evolution.   

The capacity to predict which patients are at risk of mucositis might become possible. 

However, individual variability in toxic mucosal response is almost impossible to predict at 

present; but, this might change (Sonis, 2004).  

Accordingly, it is relevant the accomplishment of a research with propose of identify which 

are the predictive factors of oral mucositis, particularly of biological nature, in colorectal 

cancer patients undergone to chemotherapy at IPOCFG-EPE; in way to contribute to the 

improvement of an untimely prophylaxis and diagnosis of this toxicity and, as a result, reduce 

its occurrence and severity. This research will privilege the role of genetic polymorphisms 

transforming the inflammatory reaction (some pro-inflammatory cytokines and, in an original 

way, the enzyme cyclooxygenase 2) in the evolution of oral mucositis. 
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To establish the role of genetic polymorphisms in the expression of transcription factors 

transforming the inflammatory reaction (IL-1α, IL-1β, IL-1RN, Il-6, TNF-α and Cox-2) in the 

development of oral mucositis associated with chemotherapy in colorectal cancer patients. 
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A. ORAL MUCOSITIS DEFINITION AND ASSESSMENT SCALES 

Cancer therapy should result in complete eradication of cancer and spare normal tissues from 

toxic effects of therapy. In effect, as new strategies to prevent and/or manage certain therapy-

induced complications emerge, there has been a propensity to increase the strength of the 

cancer therapy. However, with the lack of considerable progress relative to the prevention or 

treatment of oral complications, there has tended to be an enhanced prevalence of oral tissue 

damage (mucositis) and other oral complications resulting from the direct and indirect 

stomatotoxic effects of cancer therapies.  

The expression oral mucositis emerged in the late 1980s, to explain the chemotherapy and 

radiotherapy induced inflammation of the oral mucosa, which represents a separate entity 

different from oral lesions with other pathogenic background summarized as stomatitis 

(Köstler et al, 2001).  

A major difficulty for researchers investigating mucositis has been a lack of an ultimate 

technique to appropriately assess oral mucositis (Pico et al, 1998). However, assessment is 

indispensable to evaluate the numerous parameters of oral mucositis, including subjective, 

objective and functional status (Jaroneski, 2006).  

Historically, the expressions stomatitis and mucositis have frequently be used interchangeably 

as describing inflammatory oral conditions, therefore, the assessment of the impact of oral 

mucositis in clinical trials has been complicated by the lack of consistent terminology 

(Peterson et al, 2004). In addition, the data of these clinical trials is usually contradictory due 

to the parameters used to assess efficacy of diverse modalities to manage or prevent oral 

mucositis induced by cancer therapy (Redding, 2005). Further barriers to routine oral 

assessment comprise gaps in knowledge concerning to oral cavity changes associated with 

mucositis, absent and sporadic oral evaluation, failure to use a consistent assessment tool, 

inadequate documentation and discrepancy in using assessment data to guide clinical practice 

(McGuire, 2003 cited by Jaroneski, 2006).  

The need to evaluate a number of probable new therapeutic options and the importance of 

measuring treatment-related morbidity and mortality, has motivated the development of new 

assessment scales, validated and universally accepted (Pico et al, 1998; Peterson et al, 2004). 
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If possible, a mucositis scoring system should be objective, validated and reproducible (inter-

user/intra-user reliability) across all clinical situation and applications. The scale should be 

amply sensitive to assess suitable parameters of the mucositis experience consistently across 

different treatment modalities, including cancer chemotherapy, radiotherapy and 

chemoradioterapy. In addition, it should accurately measure elements related with mucositis 

consistently (i.e., content validity) by reviewing the pertinent literature and soliciting the 

opinions and ideas of experts in the field. It also should be indispensable a minimal training to 

produce systematic and precise results, and the scale should be characterized by intrarater and 

interrater reliability, which is the same that demonstrating the reproducibility of the scoring 

when used by the same person and/or by different individuals over a defined period of time 

(Pico et al, 1998; Sonis et al, 2004). No scale established to date meets all these criteria or is 

accepted universally (Sonis et al, 2004).   As a result, because the importance of explain 

accurately, classify objectively, determine reproducibly the severity of mucosal injure and 

link anatomic changes to clinically pertinent outcomes, a number of different scoring systems 

have been developed (Sonis et al, 2004; Peterson et al, 2004). These can be separated into 

three types: general or gross variable measurement scales; multiple mucositis component 

variable assessment scales; and physiologic or laboratory evaluation schemes (eg, 

thermography or exfoliated mucosal cells) (Peterson et al, 2004).  It may be complicated to 

propose one only scale for assess mucositis that will be suitable in all clinical situations, 

because of the assortment of chemoradiotherapy treatments existing and their resulting 

toxicities (Pico et al, 1998). Oral mucositis scales vary considerably in their complexity and 

have undergone unreliable degrees of validation. These tools were designed to describe in 

global terms stomatotoxicity resulting from diverse cancer treatments. Oral mucositis scales 

consist of four-point or five-point scales that rate generally the status of the mouth relative to 

the clinically observed mucosal appearance, severity of patient pain, and, in some instances, 

the patient’s functional abilities relative to his or her oral status (Sonis et al, 2004). Similar 

descriptive terms are used in all of the scales; but, there are slight differences which avoid 

interchangeably. The discrepancies between scales subsist in the measurement of the patient’s 

pain and in the assessment of the impact of mucositis on the patient’s capability to eat. 

Furthermore, a lack of agreement exists concerning the score attached to a specific sign or 

symptom complex. All of these factors, as well as the terminology used to describe signs of 

mucositis, supply to making comparisons between the scales complex (Pico et al, 1998). In 

addition, the facility to evaluate results between studies is delayed by the use of different 

scales (Avritscher et al, 2004; Belim et al, 2002; Cella et al, 2004; Sonis et al, 1999, cited by 

Jaroneski, 2006). Historically, many of these simple, combined, variable toxicity scales have 
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been based on a scale developed by the World Health Organization (WHO) for the clinical 

assessment of patients receiving cancer therapy. A number of analogous scales have been 

developed and promoted as part of the National Cancer Institute-Common Toxicity Criteria 

(NCI-CTC) scales, which are used regularly by cooperative oncology groups and oncology 

researchers (Sonis et al, 2004), and were designed to reveal toxicities related to particular 

chemotherapeutic agents or regimens (Jaroneski, 2006).  

Sonis et al. (1999), mentioned by Jaroneski (2006), sought to design, test, and validate a 

scoring system, the Oral Mucositis Assesment Scale (OMAS), that was easy to use and that 

clinical assessment of oral mucositis took less than five minutes to complete. The OMAS has 

been revealed to be extremely reproducible between observers, responsive over time and to 

accurately record the elements considered to be related to mucositis. This tool provides an 

objective evaluation of oral mucositis based on scoring the extent of 

ulceration/pseudomembrane (score 0 to 3) and erythema (score 0 to 2) on the maxilarllary and 

mandibular labial mucosa, right and left ventral and lateral tongue, floor of the mouth, soft 

palate/fauces and hard palate. The revised oral mucositis staging system of the Western 

Consortium of Cancer Nursing Research (WCCNR scale) also measures anatomic changes 

associated with oral mucositis, and is based on three descriptors (lesions, erythema, and 

bleeding) and is scored on a scale from 0-3. This staging system has numerous advantages 

over other tools for assessing mucositis related to chemotherapy, radiotherapy, or both, 

because it evaluates and stages only mucositis and is rapid and simple to use through clinical 

nursing practice (Peterson et al, 2004; Jaroneski, 2006). The Oral Mucositis Index assesses 

the severity of mucositis in terms of erythema, ulceration, atrophy and edema (each graded on 

a scale of 0 to 3). This tool has been shown to be internally reliable with high test-retest and 

inter-rater reliability and strong support of construct validity (Peterson et al, 2004). 

The World Health Organization Oral Toxicity Scale measures anatomic, symptomatic and 

functional components of oral mucositis. Severity is graded from 0 (no mucositis) to 4 

(alimentation not possible and the patient needs parentral feeding).  

 

 

 

 

Figure 1. Oral Mucositis graded by World Health Organization scale (adapted from WHO, 1979) 
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The National Cancer Institute Common Toxicity Criteria provides a rating of the severity of 

oral mucositis on a scale of 0 (none) to 4 (most severe) and has been shown to provide an 

effective measure of the toxicity of treatment by evaluating the clinical findings of mucositis 

and functional consequences of mucositis in two distinct scales. Although an update NCI-

CTC scale (Common Terminology Criteria for Adverse Events, version 3.0) was released in 

October 2003, widespread implementation will take time (Peterson et al, 2004; Sonis et al, 

2007). 

The most frequently used scales are the WHO scale (utilized in 38% of studies) and the NCI-

CTC scales (utilized in 43% of trials) and it appears that these tools will remain standards for 

the immediate future (Redding, 2005), because, as noted previously, symptoms, signs and 

functional disorders are assessed, and a global score is completed enthusiastically (Sonis et al, 

2004). 

A second group of scales has developed out of these simple scales, and evolved as nursing 

management and clinical research tools. These can be characterized as using an arrangement 

of objective, functional and symptomatic variables. Like the simpler toxicity scales, the oral 

mucositis scales combining objective, functional and symptomatic descriptors concern them 

to specific anatomic areas, adding greater specificity with a range of aspects of oral function 

and subjective patient responses (Sonis et al, 2004, Jaroneski, 2006). A lot of these scales 

include holistic elements that are not conventionally considered directly associated with 

mucositis (Stone et al, 2005; Jaroneski, 2006).   

A third series of scales, the detailed objective scoring scales, were designed for clinical 

research trials and are liable to focus on directed, separately scores, objective and subjective 

end points (Sonis et al, 2004), and normally oblige the training of specialized oral cavity 

experts to supply accuracy and consistency in mucositis evaluation (Pico et al, 1998). The 

clinical qualifications of the assessor appear to be less important, eventually, than training and 

experience with using the scale (Sonis et al, 2004). Accurate monitoring and measurement of 

oral mucositis is crucial to its successful management. The wrong use of these scales can 

result in errors in estimation of the severity of the condition (Stone et al, 2005).  

There is disagreement about require for the use of added objective scales in clinical trials. 

Some investigators feel that assessment of intraoral tissues is critical for an accurate 

assessment of mucositis severity; on the other hand, others feel that patient symptoms are the 

only importance parameters to assess and that tissue changes are not significant. 
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Table 1. Assessment of Oral Mucositis  

Scale (use) Source Elements measured Advantages Disadvantages 
Simple, combined-variable 
mucositis scoring scales 

    

NCI-CTC (clinical and research)  
Trotti et al, 2000 
http://ctep.cancer.gov 

Combined elements: 
symptom (pain), signs 
(erythema, ulceration); 
function: type of dietary 
intake 

Used widely in research 
and clinical care settings; 
specific scales for mucositis 
in patients undergoing 
head/neck radiation, 
chemotherapy, or HSCT 

Research assessment 
potentially confounded 
by combination or 
symptoms, signs, and 
functional changes 

WHO (clinical and research) WHO, 1979 Combined elements: 
symptom (pain), signs 
(erythema, ulceration); 
function: type of dietary 
intake 

Used widely in research 
and clinical care settings; 
specific scales for mucositis 
in patients undergoing 
head/neck radiation, 
chemotherapy, or HSCT 

Research assessment 
potentially confounded 
by combination or 
symptoms, signs, and 
functional changes 

RTOG (clinical and research) RTOG (see 
http://www.rtog.org/members/toxicity/ac
ute.htm) 

Combined elements: 
symptom (pain), signs 
(unspecified); function: 
unspecified 

Used widely in research 
and clinical care settings 

Research assessment 
potentially confounded 
by combination of 
symptoms, signs, and 
functional changes 

Detailed, objective mucositis 
scoring scales 

    

OMI for HSCT (research) Schubert et al., 1992 Thirty-four mucosal 
changes: signs (atrophy, 
erythema, ulceration/ 
pseudomembrane edema, 
and selected sites); pain 
scores (separate VAS) 

Specific to 11 oral 
anatomic sites, thereby 
permitting subanalyses of 
changes across the oral 
mucosa; eliminates 
confounders of  symptoms 
and functional disturbances, 
cores consistent with NCI 
and WHO scores 

Requires more 
examiner experience 
and time than NCI-
CTC and WHO scales; 
only tested in patients 
undergoing HSCT 

Twenty-item OMI for HSCT 
(research) 

McGuire et al., 2002 Twenty mucosal changes: 
signs (atrophy, erythema, 
ulceration/ 
pseudomembrane edema, 
and selected sites) 

Specific to nine oral 
anatomic sites; clinical 
objective changes scored as 
in full OMI 

Requires less expertise 
than OMI 

OMAS for chemotherapy, 
radiation, and HSCT (research) 

Sonis et al., 1999 Signs(erythema, ulceration) Same advantages as OMI 
with fewer oral anatomic 
sites scored 

Requires more examiner 
experience and time than 
NCI-CTC and WHO 
scales but less time than 
OMI 

Spijkervet Radiation Mucositis 
Scale (research) 

Spijkervet, 1989 White discoloration, 
erythema, pseudomembrane 
ulceration 

Permits objective measure of 
tissue injury 

Detailed mathematical 
calculation required; 
requires further 
validation in multicenter 
setting 

Combined objective/functional/ 
symptom scales 

    

Oral Assessment Guide (clinical) Eilers et al. (1988) Signs (erythema), symptoms 
(pain, salivary changes), 
functional disturbances 
(swallowing, voice) 

Global scale that can reflect 
clinical status/outcomes; 
suitable for nursing care 
decision making 

Not all variables 
necessarily link with 
clinical status; some 
variables not continuous 

Western Consortium for Cancer 
Nursing Scale (clinical) 

Western Consortium for Cancer Nursing 
Research, 1991 

Lesions, color, bleeding, 
subjective variables 

Global scale that can reflect 
clinical status/outcomes; 
refined in 1998, based on 
elimination of five measures 
other than lesions, color, or 
bleeding 

Mixed objective, 
subjective, and 
functional variables; 
difficult to score 
precisely 

Walsh Quantitative Scoring 
System for Oral Mucositis 
(clinical and research) 

Walsh et al., 1999 Mucosal changes, functional 
changes, salivary function, 
pain 

Conceptual elements of NCI 
or WHO scale applied to 
specific anatomic sites; 
moderate training 

Not validate; only tested 
in HSCT patients 

Tardieu Quantitative Scale of  
Oral Mucositis for HSCT 
(research) 

Tardieu et al., 1996 Mucosal changes, salivary 
function, function (voice, 
swallow), pain 

Includes four anatomic sites, 
range of severity 

Not validated (pilot 
study only); only tested 
in HSCT patients; 
detailed, requires 
moderate to significant 
training 

Daily Mucositis Scale for HSCT 
(research and clinical) 

Donnelly et al., 1992 Erythema, oral edema, pain, 
dysphagia 

Global scale that can reflect 
clinical status/outcomes; less 
detailed than most 

Validation in multicenter 
study needed 

MacDibbs Mouth Assessment 
(research and clinical) 

Dibble at al., 1996 Patient symptoms, 
ulcerations, 
erythema/hyperkeratosis, 
sputum smear/ herpes 
simplex virus culture 

Ease of administration 
generalized assessment (not 
oral site-specific) 

Only reported for 
radiation mucositis; not 
validated (pilot study 
only) 

In vitro measurement     
Epithelial Viability Scale 
(research) 

Wymenga et al., 1997 Trypan blue-based 
exclusion, based on oral 
epithelial smears 

Easily administered; in vitro 
objective measure; studied 
with both chemotherapy-
induced and radiation- 
induced mucositis 

Early in development; 
requires additional 
validation 

NCI-CTC: National Cancer Institute Common Toxicity Criteria; HSCT: hematopoietic stem cell transplantation; WHO: World Health Organization; RTOG: Radiation 
Therapy Oncology Group, VAS: visual analog scale; OMI: Oral Mucositis Scale; OMAS: Oral Mucositis Assessment Scale. 
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Subjective assessment may give a correct evaluation of patient function, however, do not take 

into account the potential for oral organism to cause systemic infection in the course of the 

oral tissue damage related to mucositis. Consequently, objective assessment may be more 

imperative than some investigators realize (Redding, 2005). 

The regularity with which mucosal health needs to be measured is a function of the objective 

of the examination (Sonis et al, 2004). Historically, no agreement has been reached among 

experts concerning a universal standard of oral care for patients with cancer regarding the use 

of evaluation tools and frequency of mucosal assessment (McGuire, 2003 cited by Jaroneski, 

2006). Comparable to other aspects of physical examination, sensivity and accuracy are 

frequently a function of the circumstances under which the assessment takes place. 

Examination conditions are an issue of practicality, because if the examiner cannot perform 

an ample visual assessment of the area to be examined, then results will be compromised. The 

expediency and comfort of both, the examiner and the patient, through the examination can 

influence the quality of the overall examination results. A lot of scoring systems have not 

compensated for instances in which a patient cannot be observed because of compromising 

conditions (haemorrhage, pain, nausea, need of orotracheal intubation, pseudomembranous 

candidiasis or topical oral care therapies). While, in some cases, the clinical situation could be 

a direct extension of the severity of the oral mucositis, whereas at other times it may be 

unrelated (Sonis et al, 2004). 

In the absence of generally accepted guidelines for oral mucositis, there are considerable 

inconsistencies in the manner that this side effect is assessed and managed (Stone et al, 2005). 

Therefore, these inconsistencies do not permit comparisons between patients with oral 

mucositis and the probable new strategies found in research could not be used unanimously 

and this influence their quality of life.     

 

B. EPIDEMIOLOGY 

Mucositis is one of the most recurrent adverse effects in patients receiving high-dose 

radiotherapy and/or chemotherapy for cancer and is the second most frequent dose-limiting 

factor in patients receiving some chemotherapy drugs (Peterson et al, 2004), but some authors 

(Brown and Wingard, 2004 cited by Stone et al, 2005) acknowledged oral mucositis as a 

major dose-limiting toxicity in cancer therapy. 
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The cancer patient risk of developing oral mucositis is extremely variable (Redding, 2005) as 

the incidence of this toxicity, which varied significantly among diverse treatment regimens 

and modalities for different types of cancer (Peterson et al, 2004; Sonis et al, 2004). The 

majority of data supporting the computation on incidence of mucositis are resulting from 

clinical trials of chemotherapy and radiation therapy regimens in which the reporting of 

mucositis is a secondary objective. For estimates of incidence, no more than grade 3 and 4 

mucositis are accounted, because grades 1 and 2 mucositis are not reported evenly in clinical 

trials of chemotherapy (Sonis et al, 2004).  

There is a relation between cancer diagnosis and risk of grade 3-4 oral mucositis (Sonis et al, 

2004). Severe oral mucositis occurs in about six percent of patients with colorectal cancer, 

and in patients with rectal cancer it is over eight percent (Sonis et al, 2004). A few degrees of 

mucositis occur in about 40 percent of patients who receive cancer chemotherapy (Sonis, 

1998), but the occurrence of oropharyngeal mucositis can range from 30% to 75% (Wilder-

Smith et al, 2007), depending on the chemotherapeutic regimen (Napeñas et al, 2007).  

Although less widespread, oral mucositis also occurs to derived to chemotherapy for a range 

of solid tumors (Sonis et al, 2004). With conventional chemotherapy including anthracycline-

based regimens, taxane-based regimes and platinium-based regimens, severe oral mucositis 

occurs in 1 to 10 percent of patients, but this can go above 66 percent when these agents are 

combined with 5 fluorouracil (5-FU) (Redding, 2005; Sonis et al, 2004). Nevertheless, 

administration of 5-FU, with or without leucovorin, is associated with oral mucositis in as 

much as 40% of patients (Rubenstein et al, 2004). Severe (grade 3-4) oral mucositis 

approaches 10-15% among 5-FU recipients (Redding, 2005; Rubenstein et al, 2004; Sonis et 

al, 2004).  

For patients with advanced colorectal cancer, the risk of grade 1 – 2 oral mucositis is 27 % 

and 11 %, respectively, in combined chemotherapy regimen with oxaliplatin-5FU 

(Tournigand et al, 2006). The administration of Irinotecan, combined with 5FU and 

Leucovorin (Folfiri), was associated with rates of severe oral mucositis (grade 3 – 4) in over 5 

percent. The addition of radiotherapy to 5-FU- based regimes may enhance the risk of grade 3 

– 4 oral mucositis in further than 30% (Sonis et al, 2004).  The condition’s incidence is 

consistently higher among patients undergoing for continuous infusion therapy for colon 

cancer (Sonis, 1998).  
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Table 2. Relation between antineoplastic treatment and risk of grade 3-4 oral mucositis 

 
   

Risk of Grade 3-4 
oral mucositis 

 
Regimen No. of studies No. of patients % 95% CI 

M
on

ot
h

er
ap

y 

5-FU 5 1615 2 1-3 

5-FU CI 3 146 14 10-18 

5-FU/leucovorin 21 3177 14 12-15 

5-FU CI + XRT 1 84 6 1-12 

Mayo - - 18 - 

Roswell Park - - 1 - 

Irinotecan 4 409 2 1-4 

P
ol

yc
he

m
ot

h
er

ap
y 

5-FU/other misc drugs 5 543 6 4-8 

5-FU CI/other misc drugs 7 213 12 8-17 

Irinotecan/5-FU 3 524 3 1-4 

Irinotecan/5-FU/leucovorin 5 318 5 3-8 

 Oxaliplatin/5-FU/leucovorin - - 2 - 

 
95% CI: 95% confidence interval; 5-FU: 5-fluorouracil; XRT: radiotherapy; CI: continuous infusion; misc: miscellaneous. 
Source: Risk measures based on reports of clinical antineoplastic therapy. 

  

 

C. CLINICAL COURSE 

Moderate or severe mucositis can have considerable clinical and economic consequences, 

posing a grave burden for patients and health care providers (Peterson et al, 2004; Sonis et al, 

2004) and it can significantly complicate de management of cancer (Redding, 2005). 

Mucositis usually appears between 7 to 14 days following the beginning of chemotherapy or 

radiation therapy (Redding, 2005; Napeñas et al, 2007), and slowly resolves unless 

complicated infection or repeated drug administration (Loprinzi et al, 1995 cited by Cheng, 

2007). DeMoor and colleagues (2007), noted that standard mouth sore scores peaked by day 

40 (cycle 2), and that patients who reported any symptoms of mouth sores by day 21 (cycle 1) 

were five times more likely to develop severe mucositis by day 126 than patients who 

reported no symptoms. 
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Oral and gastrointestinal symptoms 

Patients encounter particular oral dysfunction in relation to oral mucositis shared with no 

other cancer treatment associated complications (Cheng, 2007).  

The suffering caused by oral mucositis is multifaceted (Rose-Ped et al, 2002 cited by Cheng, 

2007). Oral mucositis is related with a variety of acute and chronic symptoms that exert a 

considerable negative impact on quality of life (Stone et al, 2005; Sonis, 2004). The first signs 

and symptoms of oral mucositis comprise edema and erythema, a burning sensation and an 

increased sensivity to hot or spicy food. Erythematous areas may expand into eminent white 

desquamative patches and consequently into painful ulcers - ulceration (Köstler et al, 2001; 

Wilder-Smith et al, 2007; Sonis et al, 2007), which can lead to secondary infection (Napeñas 

et al, 2007).  

Patients can experience functional difficulties in eating, drinking, swallowing and speaking, 

because of the mouth sores and the associated serious pain and discomfort (Bellm et al, 2000; 

Rose-Ped et al, 2002; Borbasi et al 2002; cited by Stone et al, 2005; Peterson et al, 2004). 

Additionally, they can experience changes in food tastes and dry mouth, which are the most 

frequent associated problems with oral mucositis. These symptoms have a negative impact on 

patients’ daily living and functioning (Cheng & Chang 2003, Ohrn & Sjoden 2003, Shih et al, 

2003 cited by Cheng 2007). Dysphagia and difficulty in swallowing (though less common), 

were reported as the most severe and highly distressing problems when present (Cheng, 

2007). Symptoms described above should receive the same attention as the mucosal damage 

and infections (Garfunkel, 2004; Kwong, 2004 cited by Cheng, 2007).   

 

Psychological effects  

Oral mucositis is also liable for patient’s increased depression (reported in 38% of cancer 

patients with changes in oral cavity), sleep disturbances and a significant increase in mood 

disturbance (Rose-Ped et al, 2002; cited by Stone et al, 2005), for the reason that oral 

dysfunction can have an intense effect on the psychological well-being of the patients with 

cancer (Comeau et al, 2001; Dodd et al, 2001; Shih et al, 2003 cited by Cheng, 2007). In 

addition, fatigue is more frequent during cycles with mucositis than in cycles without this side 

effect (Sonis et al, 2004). 
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These quality of life complications can keep on for six months following the conclusion of 

cancer treatment (Epstein et al, 2001; cited by Stone et al, 2005). As a result, mucositis can be 

clinically debilitating, and can drastically reduce quality of life (Rosen et al, 2006; Wilder-

Smith et al, 2007).  

 

 

The levels of oral functional injury and distress in reply to oral mucositis are not meticulously 

assessed and investigated; for the reason that research has not been conducted to verify the 

individual’s perception and opinion on the intensity of oral dysfunction and the impact on 

their lives (Cheng, 2007). Cheng and partners (2007), established that the oropharyngeal 

mucositis quality of life scale was effective in demonstrating that usually stomatotoxic 

chemotherapy or chemoradiation regimens were associated with a poorer quality of life, 

particularly with respect to symptoms, swallowing, and diet. 

 

Hospitalization 

Oral mucositis increases the duration of hospitalization, because constant eating difficulties 

due to severe pain can lead to weight loss and malnutrition, anorexia, cachexia and 

dehydration, leading to patients require for alimentation support (fluid replacement, liquid 

diet, and total parenteral nutrition) during this period (Redding, 2005; Peterson et al, 2004; 

Elting et al, 2003; cited by Stone et al, 2005; Sonis et al, 2007). In addition, increased 

Figure 2. The effect of symptoms of oral mucositis on short and long- term quality of life (adapted from Stone et al, 2005) 
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hospitalization and feeding tube placement are necessary more frequently for patients who 

receive radiation therapy and experience severe oral mucositis (Redding, 2005). Among 

patients receiving standard-dose chemotherapy regimens, 70% of them with grade 3-4 oral 

mucositis need feeding tubes to preserve satisfactory nutrition, and 62% of patients require 

hospitalization (Sonis et al, 2004). Deprived nutritional status may interfere with mucosal 

regeneration by decreasing cellular migration and regeneration thus compounding the 

problem of oral mucositis (Shih et al, 2003 cited by Cheng, 2007).  

 

Costs  

The amount of increased resource utilization correlates with oral mucositis harshness. An 

increase of one unit in the World Health Organization (WHO) oral mucositis severity grade 

has been shown to correlates with 2,7 supplementary days of total parenteral nutrition, 2,6 

further days of injectable narcotic analgesia, 2,6 additional hospital days and €21,000 

(US$25,400) in additional hospital charges (Sonis et al, 2001; cited by Stone et al, 2005). In 

general, oral mucositis has been associated to result in a mean increase of €35,000 

(US$42,700) in hospital charges per patient (Sonis et al, 2001; cited by Stone et al, 2005).  

Mucositis has been shown to considerably get longer hospital stays and increase the use of 

resources resulting in improved costs for patients receiving chemotherapy for solid tumors 

(Redding et al, 2005), however, the financial implications of mucositis (grade 3-4) have been 

reported only rarely (Sonis et al, 2004). 

Patients who become neutropenic, generally treated with myelosuppressive chemotherapy, 

and develop severe mucositis are at seriously increased risk of infection for the spread of oral 

organisms, through oral ulceration due to the breakdown of the mucosal barrier, into the 

systemic circulation, resulting in life-threatening systemic infection (antibacterial, antifungal 

and antiviral use) and also increased mortality (Redding, 2005; Peterson et al, 2004; Brown 

and Wingard, 2004; Elting et al, 2003; Epstein et al, 2003; cited by Stone et al, 2005; Sonis et 

al, 2007). Mucositis doubles the risk of infection in myelosuppressed patients and quadruples 

the risk of infection-related death (Elting et al, 2003 cited by Sonis, 2007). Among patients 

with solid tumors who receive myelosuppressive chemotherapy, infection occurs during 73% 

of cycles complicated by mucositis, but through only 36% of cycles with analogous 

myelosuppression without mucositis (Sonis et al, 2004). A retrospective study of 599 patients 

undergoing myelossupressive chemotherapy found that oral mucositis was related with a 
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number of severe clinical consequences such as bleeding and infection, which frequently 

required hospital care. The mean duration of hospital stay was four days for those who did not 

have mucositis and six days in those with oral mucositis. This study highlights the grave 

burden that even moderate mucositis places on patient and the need for management of the 

clinical consequences and consequent impact on health care funds (Peterson et al, 2004). 

Mucositis can also interfere with cancer therapy by requiring dose adjustments or treatment 

interruption. In approximately 35% of patients with grade 3-4 mucositis, the following cycle 

of chemotherapy is delayed; the doses of chemotherapy are reduced in about 60% of patients, 

and the regimen is discontinued in approximately 30% of patients (Sonis et al, 2004). It could, 

consequently, have a negative impact on treatment outcome because failure to deliver planned 

doses of chemotherapy or use of low-dose chemotherapy are associated with poorer outcomes 

in malignant diseases and can compromise cure rates and increase mortality (Kwong et al, 

1997; Cox et al, 1992; Fowler and Lindstrom, 1992; Bonadonna et al, 2005; Maciejewski et 

al, 1989; cited by Stone et al, 2005; Redding, 2005; Rosen et al, 2006; Peterson et al, 2004; 

Wilder-Smith et al, 2007; Sonis et al, 2007). 

Accordingly, oral mucositis can have significant psychological and physical effects on cancer 

patients, which interfere with their quality of life. Furthermore, it increases costs with 

additional treatments and the duration of hospitalization, and can also interfere with cancer 

therapy.  

 

D. BIOLOGIC BASIS AND PATHOGENESIS  

The complex pathobiology and molecular mechanisms underlying mucositis have been 

appreciated only in recent times. Our understanding of the cellular, molecular, and tissue 

events that lead to this cancer therapy toxicity, continue to progress (Peterson et al, 2004; 

Sonis et al, 2004). Historically, mucositis was viewed only as an epithelium mediated event 

that was the effect of the nonspecific toxic effects of radiation or chemotherapy on dividing 

epithelial stem cells. It was believed that the direct inhibitory effects of cancer therapies on 

DNA replication and mucosal cell proliferation layer led to loss of the regeneration capacity 

of the epithelium. This results in epithelial thinning as no new cells are being developed at the 

basal layer and existing cells migrate to surface and are exfoliated. As more layers of cells are 

lost, the epithelium will become thinner and thinner, resulting in erythema initially, 

clonogenic cell death, atrophy and ensuing ulceration. Furthermore, it was believed that the 
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process was facilitated by trauma and oral microorganisms. Chemotherapy causes basal cell 

damage when the drugs permeate to these cells from the blood vessels of the submucosal 

connective tissue. The high rate of cellular replication makes the oral mucosa particularly 

vulnerable to this cytotoxicity. A role for saliva-borne chemotherapeutic agents in the 

initiation of mucositis has been proposed, as well, but not established. Chemotherapy-induced 

mucositis can be further compounded by simultaneous myelosuppression (Pico et al, 1998; 

Redding, 2005; Sonis et al, 2004). This direct, rather linear process failed to account for some 

latest findings about the role of others cells and the extracellular matrix in the submucosal 

region. These observations indicate that the mechanisms that results in mucositis are not so 

straight or simple (Sonis et al, 2004). 

Even though the clinical symptoms of mucositis are mainly the consequence of epithelial 

damage, the condition itself is the result of a dynamic sequence of biological events that take 

place all through the different cellular and tissue compartments of the mucosa. So, mucositis 

is not just an epithelial process comes from investigate the relation involving proinflammatory 

cytokines and mucosal toxicity in animal and human studies (Sonis et al, 2004). Mucositis is 

often erroneously typified as an inflammatory disorder. Nevertheless, results of histological 

studies are not reliable with this theory. In fact, leukocytic infiltrates are normally seen 

through later stages of the process and are linked with the ulcerative phase of mucositis. 

Improved peripheral blood levels of tumor necrosis factor-alpha (TNF-α) and interleukins 1 

and 6 (IL-1 and IL-6) correlate with the amount of nonhematologic toxicities in patients 

following chemotherapy, especially with severity of oral mucositis. Equally, mucosal levels 

of IL-1β and gene expression of TNF-α are associated with the improvement of mucositis in 

animal models. Agents recognized to attenuate the expression of both cytokines, have 

established efficacy in the prevention of both experimental and clinical mucositis. Increasing 

direct and indirect experimental evidence supports the theory that virtually all the cells and 

tissues of the oral mucosa, as well as the extracellular matrix, contribute to barrier damage. 

The succession of cell and tissue changes further implies that nothing occurs within the 

mucosa as a biologically isolated event. Slightly, it appears that interactions between the 

diverse mucosal components, collectively lead to mucositis (Redding, 2005; Sonis et al, 

2004). 

It has become evident that there is no ubiquitous mucosal reply to antineoplastic treatment. It 

is not unusual for dissimilar mucosal types to exhibit differences in the incidence, severity 

and course in response to chemotherapy challenges in the same patient (Anthony et al, 2006). 

The movable nonkeratinized mucosa of the soft palate, cheeks and lips, the lateral and ventral 
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surface of the tongue and the floor of the mounth/buccal mucosae are most susceptible to 

direct stomatotoxicity, while the gingival, dorsal surface of the tongue or the hard palate are 

not often affected, maybe due to their slower rate of cellular turnover (Köstler et al, 2001; 

Sonis et al, 2007). There are biological controllers and mediators exclusive to mucosal types 

that take part in this type of specificity. It is extremely possible that the local tissue 

environment plays a part in affecting mucosal reply to radiation therapy and chemotherapy. 

Apoptotic cell death is an important part of mucosal damage. Mucosal tissues vary among 

each other, and even within themselves, with respect to their susceptibility to apoptosis (a 

variation that impacts on the likelihood of mucositis) (Anthony et al, 2006).  Oral lesions tend 

to recur in the same location in each experience of mucositis, and these lesions generally 

disappear without scar development, except if mucostis is complicated by severe infection or 

xerostomia. Nevertheless, other oral squeals of chemotherapy such as epithelial hyperplasia 

and dysplasia, as well as glandular and connective tissue relapse, may persist (Köstler et al, 

2001).  

Sonis (2004/2007) proposed a pathophysiologic mechanism, which includes a cascade of 

destructive and inflammatory events initiated by cytotoxic agents and exacerbated by the 

presence of systemic and local factors. It is becoming clear that the development of oral 

mucositis is a dynamic process and, for descriptive purposes, mucosal barrier damage can be 

viewed as having five phases: initiation, up-regulation with generation of messengers/primary 

damage response, signaling and amplification, ulceration with inflammation and healing. This 

model of injury is established best in oral mucosa than in the rest of the gastrointestinal tract. 

Although the model as described seems linear, damage occurs very promptly and concurrently 

in all tissues. The stages of this model will be described below. 

Initiation 

Whatever the target tissue, production of oxidative stress and reactive oxygen species (ROS) 

by radiation or chemotherapeutic agents appears to be the primary initiators in a cascade of 

complimentary events contributing to oral mucositis. These cancer therapies do cause DNA 

strand breaks and secondary direct basal cellular damage. Whether they are generated by 

radiation exposure or chemotherapy, ROS directly injure cells, tissues and blood vessels. The 

results of studies have shown that ROS are always produced when stomatotoxic agents are 

applied. Furthermore, drugs that block or scavenge oxygen free radicals have been shown in 

several cases to decrease mucosal injure from the same agents. The activation of ROS also 

affects other tissues; in addition to causing direct epithelial tissue injure, to stimulate a 
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number of transcription factors in successive phases. Although there is death of several cells 

within the basal and suprabasal epithelium, it is the obliteration of the cells in the underlying 

submucosa that makes the main contribution to damage (Denham and Hauer-Jensen, 2002 

cited by Sonis, 2004). The mucosa seems to be absolutely normal at this stage, but the 

biological chaos is taking place.   

Up-regulation and generation of messenger signals 

Several events occur concurrently through this phase. ROS cause DNA injure and consequent 

clonogenic cell death in the epithelial layer, but these event is insufficient to report for the 

degree of oral mucositis observed. Of the transcription factors activated by ROS and DNA 

strand break, nuclear factor-kβ (NF-kβ) appears to be the most important because has several 

characteristics, such as its possible influence in the expression of up to 200 genes, that 

propose that it could be a key element in the origin of mucositis. It is activated by either 

chemotherapy or radiation therapy, the 26S proteasome is detectable in stressed mucosa and 

results in upregulation of many genes that lead to the production of a group of 

proinflammatory cytokines including tumor necrosis factor α (TNF-α), Interleukin 1β (IL-1β) 

and Interleukin 6 (IL-6). This leads to tissue damage and apoptosis. Up-regulation of 

supplementary genes causes the expression of adhesion molecules, ensuing activation of the 

ciclooxygenase-2 pathway and subsequent angiogenesis. Added activity not associated to 

DNA changes directly can lead to mucosal injure. In addition, chemotherapy and radiation 

therapy hydrolyze the cell- membrane lipid sphingomyelinase or ceramide synthase, which 

activates the ceramide pathway leading to apoptosis. Macrophages are activated by 

fibronectin breakup and this leads to stimulation of matrix metalloproteinases, which cause 

direct tissue damage or an improved production of TNF-α. The end result of this phase of 

mucositis is one of simultaneous events in all implicated tissues at all levels. 

Signaling and amplification  

As the mucositis development continues, as well to exerting a direct injurious outcome on 

mucosal target cells, proinflammatory cytokines also play an indirect role in amplifying 

mucosal damage initiated by chemotherapy and radiotherapy. TNF-α activates the ceramide 

and capase pathways leading to tissue injury and activates the transcription pathway mediated 

by NF-kβ. In a feedback loop, these processes results in increased production of TNF-α, IL-

1β, IL-6. In addition TNF-α and IL-1β activate matrix metalloproteinases leading to direct 

tissue damage, as described earlier. The eventual result of this stage is that the tissue is altered 
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biologically; even though the clinical appearance of the mucosal surface remains deceptively 

normal, because the injurious events are focused in the submucosa and basal epithelium. 

Ulceration  

All earlier metabolic activity finally results in tissue ulceration, which is the most significant 

phase for the patient, as severe pain compromises function. Oral mucositis, particularly that 

induced by radiation therapy, commonly is referred to as an inflammatory process, even 

though an acute inflammatory infiltrate is not identifiable histologically in the early phases of 

radiation-induced mucositis. In addition, stomatotoxicity occurs during periods of greatest 

myeloablation in patients treated with chemotherapy. In response to rising doses of radiation 

has been reported around cell infiltrate, comprised mainly of reparative RM3/1 positive 

macrophages. This infiltrate probably is the result of a series of events activated by oxidative 

stress, mediated by activated T cells, and headed by the production of adhesion molecules. 

The presence of these cells could represent a meddled antiinflammatory reaction. The 

ulcerative stage of mucositis is described as a vigorous inflammatory infiltrate included of 

both polymorphonuclear and round inflammatory cells. As these patients are frequently 

neutropenic, ulcerated mucosa permits ingress of colonizing microorganisms comprised of 

gram-positive, gram-negative and anaerobic organisms, from the mouth to the systemic 

circulation causing life-threatening sepsis. As well with ulceration, products from colonizing 

bacteria invade into the submucosal tissue. This triggered macrophages, leading to additional 

production of the proinflammatory cytokines TNF-α, IL-1β and IL-6. Injurious enzymes are 

then produced by inflammatory cells that move to the base of the ulcerated tissue. Alterations 

in the composition and quantity of saliva would seem influence the vulnerability of tissue to 

cytotoxic agents and the tissue capability to heal. Finally, the results of ulceration are 

additional cytokine amplification, inflammation, pain and the patient augmented risk for 

bacteremia and sepsis.  

Köstler and colleagues (2001) suggested that genetic polymorphisms in the expression of 

transcription factors transforming this inflammatory reaction can clarify partially the 

individual discrepancies in the severity of oral mucositis at this phase. 

Healing  

The extracellular matrix initiates the healing stage of oral mucositis by signaling a 

regeneration of epithelial cell proliferation and differentiation. Local microbial flora is 

reestablished and white cell counts return to normal (leukocyte recovery).  
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Following the healing stage, the oral mucosa seems to be normal. Nevertheless, although its 

normal appearance, the mucosal environment has been altered considerably, resulting to 

cancer therapy remains, and there is residual angiogenesis, increasing the patient risk of oral 

mucositis with subsequent courses of anticancer therapy. The process of tissue behavior must 

be regulated to some degree by the type of cancer treatment (chemotherapy versus radiation 

therapy), the agents selected and the dose and timing of therapy. In most cases, mucositis is an 

acute phenomenon that is self-resolving once cancer therapy ends. 

The concept of a genetic predisposition for mucotoxicity (related to cancer therapy) is well 

established. Disparities in individual vulnerability to chemotherapy-induced and radiotherapy-

induced toxicities have been renowned for years and this evidence supports the hypothesis 

expressed above. Furthermore, murine strains vary in their mucosal response to radiation. 

Single nucleotide polymorphisms (SNPs) have been recognized that are linked with the 

metabolism of an amount of chemotherapeutic agents. Those who express phenotypes that 

result in insufficiency of enzymes required for metabolism of specific chemotherapy drugs are 

at improved risk of toxicity. However, Anthony et al (2006) recounts that the number of 

patients with such deficiencies is far too small to account for the incidence of toxicity. An 

alternative approach is to inquire if genetic control of mucositis mediators could also take part 

in determining risk and additional describes the distinctive mucosal response to challenge. 

There is considerable direct and indirect information to propose that a variety of genetically 

controlled factors have an effect on mucosal response to chemotherapy or radiation therapy. 

These elements may mostly impact all mucosal tissue types, or they may be tissue specific, 

such as trefoils and defensins. These findings, as well as results suggesting that the possibility 

of toxicity is determined in part by gender or ethnicity, indubitably will be topics for added 

investigation. If we could predict which patients were at high risk for mucositis by genetic 

testing, their therapy could be deliberate accordingly. 

A current study by Gibson and partners (2006) cited by Logan et al (2006) provided data on 

morphological and ultra structural changes in the oral mucosa ensuing cytotoxic 

chemotherapy. This study established that the level of apoptosis taking place in the oral 

mucosa peaked at 3 days following chemotherapy and this was 400 times the level seen in the 

healthy controls. Similarly ultra structural changes occurred in the mucosa and persisted up to 

11 days following chemotherapy. Gibson’s data support the 5 stage hypothesis of mucositis 

pathogenesis in which transcription factors activated by cancer therapy or reactive oxygen 

species play a foremost role in the biological cascade that leads to mucosal damage. In the 

context of mucositis, the transcription factor NF-kB is considered to be one of the major 
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drivers of the condition. Its activation results in the upregulation of numerous genes and 

subsequent production of pro-inflammatory cytokines including TNF-α, interleukin-1β and 

interleukin-6, which results in the improved tissue injure in all compartments of the mucosa, 

not solely the epithelium. Additionally, NF-kB causes upregulation of COX-2 as well, which 

has also been implicated in rising levels of matrix metalloproteinases, a probable mediator of 

tissue damage. It is though that the following amplification of these biological events via 

positive feedback loops, result in the extensive tissue damage seen in the clinical setting as 

ulceration.  

A study conducted by Logan and partners (2006) demonstrated that NF-kB and COX-2 were 

elevated following chemotherapy even when histologically, there appeared to be little 

dissimilarity between the pre- and post-chemotherapy appearance of the tissue. In the context 

of cytotoxic chemotherapy still there are also confounding factors due to the action of the 

drugs and their pharmacology. It has been revealed that 5-fluorouracil can suppress the 

transcription factor NF-kB. Nevertheless, additional work needs to be done to establish the 

effects of individual chemotherapeutic agents on the expression of these factors in patients 

undergoing chemotherapy and their consequent role in the pathobiology of mucositis. Surely 

COX-2 is up regulated by NF-kB and in addition to playing a significant role in inflammatory 

pathways, it has also been demonstrated to contribute to tumor development by stimulating 

angiogenesis. Consequently, it has been suggested that affected patients would be at improved 

risk of oral mucositis through following treatment of their cancer. 

Logan and partners (2007), in rodent model of irinotecan-induced mucosal damage, evaluated 

tissue levels of NF-kβ, TNF, and Interleukins-1β and -6 using typical immunohistochemical 

techniques. After the administration of irinotecan, buccal mucosa, jejunum and colon were 

collected from rats and studied. Tissue levels of NF-kβ, TNF, and Interleukins-1β and -6 

peaked between 2 and 6 hours in the tissues examined. These results supply additional data to 

the crucial role of NF-kβ and associated cytokines in the pathogenesis of mucositis. 

It is evident that mucositis is much more than just an epithelial event and this five-stage 

model helps to provide a mechanistic understanding of the complex biology of mucositis 

(Redding, 2005; Sonis et al, 2004). The global elements noted above describe the elementary 

mucosal vulnerability to regimen-related damage by providing overlying conditions that 

support or oppose injury. These conditions influence the tissue, cellular and molecular 

response and, once the response takes place, the local tissue environment proceed as an 

accelerator or attenuator. It is possible that the response of the ultimate mucositis target tissue 
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occurs just when a biological doorsill is accomplished through collective mechanisms that 

strength apoptosis or a decrease of cell regeneration. During resolution of the damage, the 

tissue reacts to further sequences of signals focused on healing and recovery. In this instance, 

as well, global, tissue, cellular and molecular factors modulate and mediate the procedure 

(Anthony et al, 2006). 

 

E. PREDICTIVE FACTORS 

Results from investigation performed over the past decade have transformed thinking 

concerning the pathogenesis of mucositis from an original notion in which it was viewed as 

basically the consequence of nonspecific epithelial clonogenic cell death to a more complex 

pan-tissue process. Additionally, it has provided the basis for us to develop a hierarchical 

characterization of those factors that establish the risk, rate of progression, and decisive 

clinical response of the gastrointestinal mucosa to antineoplastic treatment (Anthony et al, 

2006). Agreeing with Jaronesky (2006), knowing the risk factors for oral mucositis, the 

circumstances that may intensify mucosal injury and the state of the oral cavity is solution to 

performing good nursing assessments. Once cancer patients are admitted to a clinic or 

hospital for chemotherapy, health providers should achieve meticulous histories and oral 

assessments to recognize factors that enhance patient’s risk for developing oral mucositis 

(Berger et al, 1998 cited by Jaronesky, 2006). 

It is imperative that is becoming increasingly obvious, that the concepts developed about 

mucositis, maybe the best studied regimen-related toxicity, are more broadly applicable to 

other adverse side effects of cancer treatment. The risk and course of regimen-related mucosal 

damage is expected to be determined no less than two levels: first, there are broad, global, 

macroscopic factors (include components that are related to the patient and the treatment); and 

second, there are molecular and cellular elements that may play specific mechanistic roles 

(include biological controllers and mediators). Equally, these may be generic and nonspecific, 

or they have exclusive functions and characteristics that are related to specific mucosal tissue 

types (Anthony et al, 2006). 

Furthermore, the capacity to predict which patients are at risk of mucositis might become 

possible. However, individual variability in toxic mucosal response is almost impossible to 

predict at present; but, this might change (Sonis, 2004). 
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Numerous factors, associated with cancer patient or his surrounding environment, appears to 

increase the potential for developing oral mucositis after cancer therapies, such as 

chemotherapy and radiotherapy, and these factors can be divided regarding to its modifiable 

capacity. 

The predictive factors not modifiable or particularly difficult to modify, described 

subsequently, comprise: sex (Vokurka et al, 2006), age (Repetto, 2003), ethnicity (McCollum 

et al, 2002), diabetes, sociodemographic data, salivary flow/xerostomia, regimen of cytotoxic 

drugs, herpes simplex virus antibody titer (McCarthy et al, 1998), patient’s diagnosis (Pico et 

al, 1998), and genetic polymorphisms in the expression of transcription factors transforming 

the inflammatory reaction (IL-1β, Il-6 e TNF-α) (Köstler et al, 2001).  

 

Age 

Oral mucositis is influenced by patient’s age. However, there are contradictory data relating to 

the effects of age and the development of chemotherapy-induced mucositis. Pico and 

colleagues (1998) experienced that, usually, younger patients appear to have an increase risk 

of mucositis associated with chemotherapy. This observation may be explained by the further 

rapid epithelial mitotic rate or the existence of additional epidermal growth factor receptors in 

the epithelium of younger patients.  As a result, younger patients develop mucositis more 

commonly than older patients receiving equivalent type of treatment for analogous 

malignancies. Once lesions develop, they heal more quickly in the younger population (Sonis, 

1998; Köstler et al, 2001). 

Hematologic malignancies are relatively more frequent in children than adults, and their 

treatment tend to produce more prolonged and intense myelosuppression, which may also 

result in more severe indirect mucotoxicity. Alternatively, the physiologic decline in renal 

function associated with aging may result in older patients at higher risk of oral mucositis 

related to chemotherapy (Pico et al, 1998). Age-related physiologic changes that can enhance 

the toxicity of chemotherapy are decreased stem-cell reserves, decreased capacity to restore 

cell damage, progressive loss of body protein, and accumulation of body fat. A decline in 

organ function can change the pharmacokinetics, pharmacodynamics or pharmacogenetics of 

various frequently used chemotherapeutic agents in some elderly patients, making toxicity 

fewer expected. Comorbidities increase the risk of toxicity through their effects on the body. 
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Additionally, the drugs used to treat comorbidities may interrelate with citotoxic drugs, 

potentially increasing toxicity in elderly patients (Repetto, 2003; Stein et al, 1995).  

Agreeing to Brown (2004), cited by Jaronesky (2006), oral mucositis develops more 

repeatedly among adults younger than 20 years of age, and individuals older than age 50 have 

an improved possibility of developing oral mucositis that is harsh. 

In a clinical trial (phase III), Stein and partners (1995) revealed that advanced age is an 

independent risk factor for severe toxicity from 5-FU-based chemotherapy for advanced 

colorectal cancer. Generally, the dose limiting toxicities of fluoropyrimidines are 

gastrointestinal, but in this study, elderly patients normally experienced severe toxicity in 

other sites, and age was an important risk factor for multiple-organ toxicities (Stein et al, 

1995). Vokes and colleagues (1993), cited by Stein et al (1995), reported positive associations 

among age and severe mucositis. The incidence of severe/very severe oral mucositis is higher 

for patients age 65 or older than for those under age 65 (Sloan et al, 2000).  

 

Gender 

Patient’s gender is supposed to play a role in propensity of developing oral mucositis and this 

role continues to be evaluated in clinical trials. In a study of 5-Fu-based treatment for 

advanced colorectal cancer conducted by Stein and colleagues (1994), sex was an independent 

predictor of severe toxicity. The clearance of infusional 5-Fu is lower in women, suggesting a 

pharmacokinetic contribution to this observed toxicity pattern. The effects of age and sex 

could be additive, as they may be based on different mechanisms of toxicity. In this analysis, 

it was observed a devastating incidence of severe toxicity in elderly women. Prospective trials 

with age and sex stratification will be necessary to determine the degree to which these are 

independent risk factors for 5-Fu toxicity. 

In a meta-analysis of six North Central Cancer Treatment Group (NCCTG) trials involving 

patients receiving their first ever 5-Fu-based chemotherapy, Sloan and partners (2000) 

revealed that women reported a higher incidence of oral mucositis for all six studies, with a 

difference as much as 19% more than what was reported among men. Concerning to the 

intensity of oral mucositis between sexes, the incidence of severe mucositis for women was 

approximately double the rate observed for the men. So, women’s mucositis scores and 

incidence rates seem to be every time higher than those reported by men. The explanation for 

this disparity is unknown at this point. One may consider an amount of hypotheses, including 
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differentials in stoicism, frailty, machismo, and biologic differences such as rates for 

metabolism of 5-Fu. Nonetheless, none of these can be proven or disproven without 

additional studies designed purposely to answer these subjects. In upcoming researches, the 

use of sex as a critical stratification factor and/or covariate in the design of studies for oral 

mucositis should be supported. 

Sloan and colleagues (2002), in a semi-meta-analysis of the toxicity on 5-Fu-based studies 

conducted by the NCCTG colorectal cancer program, observed that both men and women 

experienced toxicity of some kind, but women experience more severe toxicity than men. 

Individually, the incidence rates of toxicity are higher among women than men, and women 

experienced 8% more oral mucositis. Additionally, the trial in which was noted the most 

divergence between the incidences of oral mucositis by sex prescribed the uppermost dose of 

5-Fu and leucoverin. Given the proof of a sex-dependent toxicity difference, it is rational to 

search for elucidation for potential mechanisms. Milano et al (1999) cited by Sloan et al 

(2002), reported a discrepancy in levels of dihydropyrimidine dehydrogenase (DPD) among 

sexes, but the data are contradictory. DPD is the primary enzyme for 5-Fu clearance, and in 

other studies (Harris et al, 1991 cited by Chansky et al, 2005) extreme deficiencies in this 

enzyme have been associated with severe 5-Fu toxicity in both men and women. It has been 

postulated that the differences in toxicity profiles across sexes might be related to thymidylate 

synthase levels (Ito et al, 2000; Cascinu et al, 1999 cited by Sloan et al, 2002). Nevertheless, 

there is no report of sex differences in thymidylate synthase levels. A crucial question takes 

place concerning the relationship between toxicity incidence and treatment efficacy. We do 

not know whether the increasing toxicity is related to increasing death rates. It could be 

argued that the improved toxicity in women means that they are receiving an upper biologic 

dose of antitumor therapy, which could imply an enhanced cure rate or a higher possibility of 

response. In opposition, if the toxicity causes extreme dose reductions, it could be argued that 

women are receiving a lower real dose and consequently receiving suboptimal treatment. 

Additional research efforts are essential to attend to this question (Sloan et al, 2002).    

In a study for gender differences in specific aspects of 5-Fu toxicity that persist across a 

variety of treatment regimens for colorectal carcinoma, conducted by Chansky and partners 

(2005), 5-Fu toxicity has been more severe in women than in men, particularly with respect to 

hematologic toxicities and mucositis. In addition, it was supported that women experience 

higher maximum toxicity grades, an improved number of toxicity types, and harsher moderate 

to severe mucositis compared with men, resembling the other studies described above. 
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Reduction of toxicity may be above all a quality of life issue, but it is possible that a decrease 

in 5-Fu toxicity among women could lead to enhanced survival.   

 

Diabetes Mellitus/Type 2 

Type II diabetes mellitus is associated with an increased risk of colorectal cancer 

(approximately 30%), on the basis of chronic hyperinsulinemia and hyperglycemia. The risk 

increase is present in both sexes, as well as in both colonic and rectal cancers (Yang et al, 

2005; Larsson et al, 2005).  

In a clinical trial of adjuvant chemotherapy to examine the effect of diabetes mellitus on long-

term outcomes after primary surgical treatment of high-risk stage II and stage III colon cancer 

conducted by Meyerhardt and partners (2003), patients with diabetes had significantly worse 

5-year disease-free survival, 5-year recurrence-free survival and overall survival compared 

with patients without diabetes. So, diabetes mellitus is associated with an augmented risk of 

mortality and cancer recurrence. Concerning to treatment-related toxicity there were no 

considerable differences in rates of severe nausea, vomiting, stomatitis, leukopenia, fever, and 

infection between patients with or without diabetes. However, patients with diabetes mellitus 

did experience a moderately higher rate of severe treatment-related diarrhea. Nonetheless, 

patients with diabetes tolerate adjuvant chemotherapy well and should not be treated in a 

different way from those without diabetes.    

In the opinion of Sonis and colleagues (2004), cited by Anthony et al. (2006), patients with 

underlying systemic illnesses such as autoimmune diseases or diabetes mellitus are likely to 

have a tissue environment, which is more expected to respond adversely and, as a result, the 

susceptibility to mucosal injury may possibly be improved. 

 

Therapy-Related Risks 

Colorectal cancer is the third most frequently diagnosed cancer in both sexes in the United 

States. In 2007, an estimated 112,340 new cases of colon cancer possibly occurred. It was 

estimated that 52,180 people died, during the past year, from colon and rectal cancer (Jemal et 

al, 2007 cited by NCCN, 2007). Approximately 70% of these cancers will happen in the 

colon, whereas 30% will occur in the rectum (Wolpin et al, 2007). Although these statistics, 

mortality from colon cancer has decreased over the past 30 years, probably because of early 
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diagnosis through screening and better treatment modalities (NCCN, 2007). Advances in 

chemotherapy, surgery, and radiotherapy have improved outcomes for patients with colorectal 

cancer (Wolpin et al, 2007).  

In combination with patient-related factors, issues that are treatment-related comprise specific 

chemotherapeutic drug, dose intensity, schedule, duration of treatment, and use of radiation 

therapy, as well as upon concomitant medication and preceding mucosatoxic treatments (Pico 

et al, 1998; Köstler et al, 2001; Sonis, 2004). All of these will affect the following 

development (severity and duration) of mucositis (Pico et al, 1998). However, in the opinion 

of Barasch and colleague (2003) cited by Anthony et al (2006), the issues related above and, 

additionally, the route of the dosing regimen all provide a neutral or elevated background for 

mucosal toxicity.  

Within the context of chemotherapy, prolonged or cyclic administration of lower doses of 

cytotoxic agents have been related to an improved risk for the development of oral mucositis 

as compared with bolus infusions; but chronomodulation of chemotherapy has been shown to 

reduce mucosal toxicity without compromising antineoplastic activity. The risk of developing 

oral mucositis enhances with the number of chemotherapeutic cycles and previous episodes of 

chemotherapy-induced mucositis. Drugs affecting DNA synthesis (so-called S-phase specific 

agents) exhibit the most pronounced stomatotoxic effects (Köstler et al, 2001).  

Chemotherapeutic drugs, such as 5-Fu with or without folinic acid, methotrexate, 

doxorubicin, etoposide, bleomyocin, bulsulfan, melphalan, vinblastine, vincristine, 

vinorelbine, cyclophosphamide, cytarabine, paclitaxel, and docetaxel are known to be 

mucotoxic (Pico et al, 1998; Köstler et al, 2001; Peterson et al, 2004; Brown et al, 2004 and 

Eilers, 2004 cited by Jaroneski, 2006). Agreeing with Wilkes (1998) cited by Pico and 

partners (1998), prolonged infusions of antimetabolites, as well as concomitant use of 

radiation, result in more severe mucositis. 

Treatment for colorectal carcinomas depends on the stage and location of the tumour. Patients 

whose disease is detected at an early stage benefit most from surgery with or without 

radiotherapy. At present, the most common chemotherapeutic regimens used to treat 

colorectal carcinoma include 5-fluorouracil (5-Fu). 5-Fu, a fluorinated pyrimidine and an 

inhibitor of thymidylate synthase, has been used for more than 30 years in patients with 

advanced-stage colon carcinomas and has been evaluated as adjuvant therapy either alone or 

in combination with other agents (Chansky et al, 2005; Wolpin et al, 2007). The antitumor 

activity of fluorouracil was subsequently shown to be enhanced when the drug was combined 
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with leucovorin, a reduced folate that is thought to stabilize fluorouracil’s interaction with 

thymidylate synthetase. The combination of 5-Fu and leucovorin was evaluated in the 

adjuvant setting, where it was found to enhance disease-free and overall survival (Wolpin et 

al, 2007). The highest incidence of grade 3 and 4 oral mucositis is seen in the trials with the 

highest doses of 5-Fu and leucovorin (Sloan et al, 2002). 

Mucositis is usually related to 5-Fu in clinical trials. Generally, 5-Fu toxicity varies with dose, 

schedule, and route of administration. With prolonged, low-dose administration, 

gastrointestinal toxicities and mucositis predominate, whereas myelosuppression is more 

common with intermittent, high-dose administration (Chansky et al, 2005).  

Some schedules of fluorouracil (only 5-Fu is used as chemotherapeutic drug) comprise De 

Gramont (low-dose infusion), Mayo Clinic and Roswell Park regimens. Although their 

activity rates are analogous, their side effect profiles are distinct. The Mayo regimen is 

associated with more oral mucositis and neutropenia, the Rosweel Park regimen with more 

diarrhea, and the low-dose infusion regimen with more hand-foot syndrome (Sloan et al, 

2002; Wolpin et al, 2007). 

The De Gramont regimen is named after the doctor who first used it and involves the drugs 

fluorouracil (5-Fu) and folinic acid (leucovorin/LV), which makes 5Fu more effective. The 

De Gramont regimen is one of numerous different ways of combining these two drugs and 

each has a different name. A version of the De Gramont regimen known as modified De 

Gramont is used in the United Kingdom, because they feel it is easier to give and just as 

effective. After the anti-sickness drug, leucovorin is administered as a drip (infusion) over two 

hours. This is followed by an injection of 5Fu (bolus). After this, 5-Fu is administered by 

infusion, which will take 22 hours. If the patient has a central line, this part of the treatment 

can be given through a small portable pump and the patient can go home. The next day (day 

2), when the 22 hour infusion has finished, precisely the same treatment is given again. After 

this, none chemotherapy is given for the next 12 days. This completes what is called a cycle 

of the chemotherapy treatment. Each cycle takes two weeks. In the modified De Gramont 

regimen, after the anti-sickness drug, leucovorin is given followed by an injection of 5Fu as 

described above. An infusion of 5Fu, that takes 46 hours, is given, using a small portable 

pump and the patient can go home. Each cycle take two weeks, as well. The treatment is 

usually administered for 12 cycles over a period of six months (Web reference - 1). 

The Mayo regimen (named after the hospital that started it) involves the drugs 5-Fu and 

folinic acid. An anti-sickness (anti-emetic) drug is given, usually by injection through the 
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cannula or central line, but it also may be given as tablets. The chemotherapy drugs are then 

administered separately. Folinic acid is given by injection through the cannula or line and 

after that, an injection of 5-Fu is administered along with a drip (infusion) of salt water. This 

will take about 15-30 minutes. In the regimen described above, 5-Fu and folinic acid is 

administered daily for five days. After this, none chemotherapy is given for the next three 

weeks. This completes a cycle of the chemotherapy treatment. The next cycle of treatment is 

started four weeks after the first injection. The treatment is usually given for six cycles over a 

period of six months (Web reference – 2).  

The Roswell Park regimen comprise the drugs 5-Fu and folinic acid. After the anti-sickness 

drug, leucovorin is administered as a drip (infusion) over two hours, followed by an injection 

of 5Fu (bolus), one hour after the start of the first chemotherapeutic drug (folinic acid). Both 

drugs are administered weekly (days 1, 8, 15, 22, 29 and 36) for 8 weeks (repeat every 8 

weeks) (NCCN, 2007). 

First-line therapy of advanced colorectal cancer is now based on oxaliplatin and irinotecan 

administered in combination with leucovorin and 5-Fu, alongside the introduction of biologic 

therapies (Tournigand et al, 2006).   

The combination regimens used currently in the treatment of colorectal cancer comprise 

FOLFIRI and FOLFOX schemes. 

The FOLFIRI regimen comprises the drugs Irinotecan, leucovorin and 5-Fu. It has been used 

as the first or second line treatment of metastatic colorectal cancer. Irinotecan is a 

semisynthetic derivate of the natural alkaloid camptothecin and inhibits topoisomerase I, an 

enzyme that catalyzes rupture and rejoining of DNA strand during DNA replication. The 

efficacy of single-agent irinotecan was recognized in second-line treatment in metastatic 

disease, with a 2 to 3 month extension in median overall survival versus either best supportive 

care or continuous infusion fluorouracil. Diarrhea, myelosuppression and alopecia were the 

most commonly observed side effects with use of irinotecan. Following randomized trials 

demonstrated a benefit to combining irinotecan with either infusional or bolus 5-Fu and 

folinic acid (Wolpin et al, 2007; Maiello et al, 2005). In three clinical trials of adjuvant 

treatment of colon cancer, the addition of irinotecan to fluorouracil and leucovorin resulted in 

enhanced toxicity without an important improvement in outcome (Wolpin et al, 2007). 

In the FOLFIRI regimen, after the anti-emetic drug, Irinotecan is administred as an infusion 

over 30 to 90 minutes, followed by an infusion of folinic acid during 120 minutes. Irinotecan 
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and folinic acid may be infused concurrently by using a y-connector (but not in the same bag). 

After this, an injection of 5-Fu (bolus) in given, followed by an infusion of 5-Fu, that takes 46 

hours and starts in day 1. This treatment is repeated every 14 days, until evidence of disease 

progression, or limited by drug toxicity. The most commonly occurring adverse effects are 

myelosuppression, stomatitis, diarrhea, abdominal cramping, nausea and vomiting, anorexia, 

hand-foot syndrome and alopecia (grade 1/2) (Web reference – 3). 

Infusional 5-Fu regimens are widely used in Europe, and FOLFOX4 is the most frequently 

used oxaliplatin plus 5-Fu regimen (Ramanathan et al, 2003). The FOLFOX regimen includes 

the drugs oxaliplatin, folinic acid and 5-Fu. The number of cycles of treatment needed 

depends on the patient situation; however may include up to 12. Each cycle of treatment lasts 

2 weeks. In the first day of treatment (day 1), after an anti-emetic drug, infusions of folinic 

acid and oxaliplatin are given concurrently over two hours (two drips at the same time). After 

this, an injection of 5-Fu (bolus) is administered through a cannula or central line, followed by 

an infusion of 5-Fu through a drip or pump, over 45 hours, started in day 1. The first day of 

the second treatment cycle is the 15th day (Web reference – 4). 

Oxaliplatin is a diaminocyclohexane platinum compound that forms DNA adducts, leading to 

impaired DNA replication and cellular apoptosis. Single-agent oxaliplatin has limited efficacy 

in patients with metastatic colon cancer, but clinical benefit has been observed when it is 

administered with 5-Fu and folinic acid (improved response rate and disease-free survival). A 

cumulative sensory neurophaty, characterized by paresthesias of the hands and feet and 

exacerbated by exposure to cold, is the primary toxic effect related to oxaliplatin (Wolpin et 

al, 2007). The United States Food and Drug Administration in August 2002 approved 

oxaliplatin in combination with infusional 5-Fu and leucovorin for the treatment of patients 

with advanced colorectal cancer whose disease has recurred or relapsed after initial treatment 

with IFL (irinotecan/bolus fluorouracil/leucovorin) (Ramanathan et al, 2003). 

The combination of oxaliplatin, infusional 5-Fu, and leucovorin (FOLFOX) enhanced overall 

survival when compared with LV/FU, IFL (Irinotecan, 5-Fu and leucovorin) or a combination 

of irinotecan and oxaliplatin (IROX) (Wolpin et al, 2007; André et al, 2004; Tournigand et al, 

2006). 

FOLFIRI regimen simultaneously with FOLFOX combination therapy represents two 

efficacious first-line choices in the treatment of advanced colorectal cancer patients. In a 

study conducted by Maiello and colleagues (2005) these regimens showed comparable results, 

with different toxicity profile: more gastrointestinal side effects and alopecia in the FOLFIRI 
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arm, more thrombocytopenia, neurotoxicity and hypersensitivity reactions in the FOLFOX 

arm. Consequently, in the clinical practice the treatment choice must be individually adapted 

on these bases. The addition of new drugs should be possibly improving these results. 

Particularly, cetuximab and bevacizumab demonstrated antitumor activity alone or in 

combination with chemotherapy in patients with advanced colorectal cancer (Maiello et al, 

2005).  

Clinical trials have been initiated to evaluate oxaliplatin and a fluoropyrimidine in the 

adjuvant treatment of colon cancer, and new targeted agents are presently in preclinical 

development and enduring clinical trials. Currently, the Multicenter International Study of 

Oxaliplatin/Leucovorin/ in the adjuvant treatment of colon cancer (MOSAIC) and National 

Surgical adjuvant breast and bowel project (NSABP) trials have demonstrated enhanced 

disease-free survival when oxaliplatin is added to fluorouracil and leucovorin, but an overall 

survival benefit has not yet been observed in both of these two studies (Wolpin et al, 2007; 

André et al, 2004). 

 

Xerostomia 

Some patient-related factors comprise chronic periodontal disease, and pre-treatment 

xerostomia which may contribute considerably to the development of oral mucositis (Pico et 

al, 1998; McCarthy et al, 1998; Köstler et al, 2001; Peterson et al, 2004). The latter may result 

in an impaired capacity to increase an adequate inflammatory response to the cytotoxic effects 

of chemotherapy on the oral mucosa (Pico et al, 1998). 

The risk caused by xerostomia can be attributed to the decreased production and reduced 

buffering capacity of saliva, an increase in the viscosity and acidity of saliva, and reduced oral 

IgA levels supporting the growth of a greatly cariogenic and infectious oral flora. As a result, 

preexisting xerostomia is related to an augmented bacterial colonization on dental surfaces 

and prostheses and, in consequence, a higher incidence of oral mucositis and dental caries 

during antineoplastic therapy (Köstler et al, 2001; Epstein et al, 2002). In addition, optimal 

functioning of oral chemoreceptors needs some humidity (Köstler et al, 2001). 

The results of a study conducted by McCarthy and colleagues (1998) in patients receiving 5-

Fu for cancer of the digestive tract showed that xerostomia at baseline and xerostomia during 

chemotherapy were considerable predictors of mucositis. 
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Chronic dry mouth (xerostomia) is powerfully and independently related to poorer oral-

health-related quality of life among younger adults (32-year-olds) and institutionalized older 

people. Xerostomia affects a considerable amount of the population, with reported prevalence 

estimates from representative samples of older people ranging from 12% to 40%, and 10% 

recently reported for people in their early thirties (Thomson et al, 2006). Dry mouth has been 

reported to influence significant aspects of life such as speaking, the enjoyment and ingestion 

of food, and the wearing of dental prostheses (Thomson et al, 2006; Cassolato et al, 2003). 

This result in poor diet, malnutrition, decreased social interaction, and increased risk of 

developing dental caries (Cassolato et al, 2003). Only lately, xerostomia has its relationship 

with oral-health-related quality of life (Thomson et al, 2006); since significant associations 

were identified between both objective and subjective dry mouth and overall or specific 

aspects of oral health-related quality of life (Gerdin et al, 2005). 

 

Genetic Polymorphisms 

The Human Genome Project is progressing quickly, with more than one million partial cDNA 

sequences and about 10 % of a reference genome sequence now in public databases (Collins 

et al, 1998 cited by Brookes, 1999). With this advance has come an approval of the need to 

study naturally occurring sequence variations, as well, such as to understand human DNA 

polymorphisms, approximately 90% of which is Single Nucleotide Polymorphism (SNP) 

(Collins et al, 1998 cited by Brookes, 1999).        

A polymorphism is a genetic variation of DNA sequences that appears in at least 1% of a 

population (Brookes, 1999).  By setting the cutoff at 1%, it rejects spontaneous mutations that 

may have occurred in — and spread through the descendants of — a particular family. So, a 

polymorphism is the occurrence simultaneously in the same population of further than one 

allele or genetic marker at the same locus with the least common allele or marker occurring 

more regularly than can be accounted for by mutation alone. The concept includes differences 

in genotypes ranging in size from a single nucleotide site to large nucleotide sequences visible 

at a chromosomal level (Brookes, 1999; Regateiro, 2003).  

Polymorphism is particularly frequent, and can be considered as a normal variant in a 

population; however, none of its types significantly affects the carrier.  Concerning to genes, 

almost 1/3 contains polymorphic sequences (Regateiro, 2003).  
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DNA polymorphisms could be RFLPs (“restriction fragment length polymorphism”), VNTRs 

(“variable number of tandem repeats”) or SNPs.  A SNP is a DNA sequence variant occurring 

when a single nucleotide in the genome (or other shared sequence) differs among members of 

a species or between paired chromosomes in an individual. Almost all common SNPs have 

just two alleles. Inside a population, SNPs can be assigned a minor allele frequency - the ratio 

of chromosomes in the population carrying the less frequent variant to those with the more 

common variant. It is important to note that there are variations between human populations, 

so a SNP allele that is frequent in one geographical or ethnic group may be much rarer in 

another. SNPs may fall within coding sequences of genes, non-coding regions of genes, or in 

the intergenic regions between genes. SNPs within a coding sequence will not necessarily 

alter the amino acid sequence of the protein that is produced, due to wickedness of the genetic 

code. Variations in the DNA sequences of humans are defined as low penetrance 

susceptibility alleles and can affect how humans develop diseases and react to pathogens, 

chemicals, drugs, vaccines, and other agents, providing an altered risk for cancer development 

(Brookes, 1999; Regateiro, 2003). SNPs and haplotypes analysis in cancer research may 

contribute to the determination of high risk groups and help cancer prevention and 

development of new therapeutic orientations (Lima, 2007). 

Specific polymorphisms that are associated with variation in the enzymatic metabolism of 

particular chemotherapeutic agents have been found to change the risk of toxicity. It seems 

likely that other mechanism-related polymorphisms will be identified, as well. Subsequently, 

a time could come when pretreatment genetic-polymorphism analysis will permit precise risk 

prediction for patients who are concerning to undergo antineoplastic treatment. Interventions 

could then be targeted to specific patients and particular drug or radiation therapies (Sonis, 

2004). Sonis and colleagues (2004) indicated that some aspects of oral mucositis risk could 

even be determined genetically. 

During the inflammatory phase of the 5 stage hypothesis of mucositis pathogenesis, tissue 

damage induces discharge of free radicals, modified proteins and pro-inflammatory cytokines 

including interleukin-1β, interleukin-6, prostaglandins and tumor necrosis factor-α by 

epithelial, endothelial, and connective tissue cells (Köstler et al, 2001; Sonis et al, 2004). So, 

the study of the role of genetic polymorphisms transforming the inflammatory reaction in the 

evolution of oral mucositis is applicable.   

The immune system has several different types of cells acting together to take care of 

unwanted infections and altered cells. Cytokines are a group of proteins and peptides that are 

used in organisms as signaling compounds. These chemical signals are similar to hormones 
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and neurotransmitters and are used to permit one cell to communicate with other. Cytokines 

are released by much type of cells. The cytokine family consists essentially of smaller water-

soluble proteins and glycoproteins with a mass of between 8 and 30 kilodalton. They are 

particularly significant in both innate and adaptive immune responses. So, cytokines have a 

fundamental role in the immune system, because they are involved in a diversity of 

immunological, inflammatory and infectious diseases. Cytokines are produced by an ample 

variety of cell types (both hematopoietic stem cell and non-hematopoietic stem cell) and can 

have effects on both nearby cells or throughout the organism. Occasionally these effects are 

strongly dependent on the presence of other chemicals and cytokines. Each cytokine binds to 

a specific cell-surface receptor. Subsequent cascades of intracellular signaling then alter cell 

functions. This may include the upregulation and/or dowregulation of numerous genes and 

their transcription factors, in turn resulting in the production of other cytokines, an increase in 

the number of surface receptors for other molecules, or the suppression of their own effect by 

feedback inhibition. Initially, the cytokines were named according to their function, cell of 

secretion or target of action but then the pleotropy of cytokines was observed, making 

function specific names confusing. Cytokines have been variously named as lymphokines, 

interleukins and chemokines (Web references 5 and 6; Janeway et al, 2001; Roitt et al, 2002).  

Interleukins are a group of cytokines that are produced by numerous cells types and have 

multiple biological effects. They are soluble factors which stimulate growth-related activities 

of leukocytes as well as other cell types. They enhance cell proliferation and differentiation, 

DNA synthesis, secretion of other biologically active molecules and responses to immune and 

inflammatory stimuli (Kang et al, 2007; Roitt et al, 2002). 

The interleukin-1 family of cytokines consists of some members including the IL-1A and IL-

1B genes that encode agonist proteins, the pro-inflammatory cytokines IL-1α and IL-1β, with 

well-known roles in inflammation and innate immunity. The third known gene in this cluster 

(IL-1RN) produces a related protein, the IL-1 receptor antagonist (IL-1ra) which binds the IL-

1 signaling receptor (IL-1R Type 1) but does not elicit a response (Whyte et al, 1999). The 

genes for these cytokines are clustered within a 430-kb segment on human chromosome 2. Its 

gene map locus is 2q (for IL-1β is 2q14) (Kang et al, 2007; Smith et al, 2000). The human IL-

1 family plays an important role in the pathogenesis of many diseases and functions as a key 

mediator of the host response to various infectious, inflammatory, and immunologic 

challenges (Dinarello, 1985). 

Interleukin-1 alpha is a pleiotropic cytokine involved in various immune responses, 

inflammatory processes, and hematopoiesis. This cytokine is produced by many cell types but 



III. BACKGROUND 

41 
 

is only secreted by monocytes and macrophages. It is produced as a proprotein, which is 

proteolytically processed by calpain and released in a mechanism that is still not well studied 

(Dinarello, 1994). 

Interleukin-1 beta is a pro-inflammatory cytokine mainly produced by blood monocytes and 

tissue macrophages and has been implicated in mediating both acute and chronic 

inflammation by activating a set of transcription factors, including NFKB and AP1, which in 

turn induce production of effectors of the inflammatory response. In recent times, a common 

polymorphic allele of the regulatory region of the IL-1β gene was found to be related to 

improved IL-1 production (Kang et al, 2007; Smith et al, 2000).  

Interleukin 6 (IL-6), which was originally identified as a B-cell differentiation factor, is now 

know to be a multifunctional cytokine that regulates the immune response, hematopoiesis, the 

acute phase response, and inflammation. Deregulation of IL-6 production is implicated in the 

pathology of several disease processes (Ishihara et al, 2002). Using a cDNA probe specific for 

the beta-2 interferon gene (IFNB2), which is also known as 26-kD protein and interleukin-6, 

Chen and partners (1987) and Ferguson-Smith and colleagues (1988) localized the IFNB2 

gene to 7p21-p15.  

Tumor necrosis factor-alpha (TNF-α) is a pleiotropic inflammatory cytokine implicated in 

systemic inflammation and is a member of a group of cytokines that all stimulate the acute 

phase reaction. The cytokine is produced by some types of cells, but mainly by macrophage.  

TNF-α causes apoptotic cell death, cellular proliferation, differentiation, inflammation, tumor 

necrosis, and viral replication. TNF’s primary role is in the regulation of immune cells. 

Deregulation and, particularly, overproduction of TNF has been implicated in a diversity of 

human disease. Single-nucleotide polymorphisms (SNPs) in regulatory regions of cytokine 

genes have been related to susceptibility to a number of complex disorders. TNF is a pro-

inflammatory cytokine that provides a fast form of host defense against infection but is fatal 

in excess. Because TNF is employed against a range of pathogens, every involving a different 

model of risks and benefits, it might be expected that this would favor diversity in the genetic 

elements that control TNF production (Chen et al, 2002; Gaur et al, 2003; Nedwin et al, 1985, 

Kim et al, 2003; Baran et al, 2006.) Nedwin and partners (1985), determined that TNF-α spans 

about 3 kb and contains 4 exons. TNF-α and TNF-β map to the 6p23-q12 segment (Nedwin et 

al, 1985). 

Prostaglandins play important roles in many biological processes, including cell division, 

immune responses, blood pressure regulation, ovulation, bone development, wound healing 

(Wang et al, 2005), vasodilation or vasoconstriction, bronchial or uterine muscles contraction 



III. BACKGROUND 

42 
 

or relaxation, renal blood flow increase, gastric mucosa protection and local blood flow 

regulation, gastric acid secretion inhibition, nervous growth and development, hyperalgesia, 

endocrine response, angiogenesis, metastatic progression, among others (Carvalho et al, 

2004). The cycloxygenase (COX, prostaglandin endoperoxide synthase) is a key enzyme in 

prostaglandin, prostacyclin and thromboxane biosynthesis from arachidonic acid. It was 

isolated in 1976 and cloned in 1988. In 1991 a gene was identified which would code a 

second enzyme isoform, then called cycloxygenase-2. Actually, it is known that the two genes 

express two different isoforms of the enzyme called: cycloxygenase-1 (COX-1) and 

cycloxygenase-2 (COX-2). COX-1 is constitutively expresses in most tissues and cells in 

physiologic conditions, especially blood vessels, platelets, stomach and kidneys. COX-2 may 

be induced by cytokines (interleukin-1β, interleukin-2, interleukin-18 and tumor necrosis 

factor α), phorbol esters, growth factors and endotoxins, being primarily expressed by cells 

involved in the inflammatory process, such as macrophages, monocytes and synoviocytes; 

and are regulated mainly at the level of transcription (Wang et al, 2005; Carvalho et al, 2004; 

Grkovich et al, 2006). Conversely, COX-2 expression may be inhibited by glucocorticoids, 

interleukin-4, interleukin-14 and interleukin-10, while prostaglandin E2 promotes COX-2 

expression up-regulation. COX-2 may also be post-transcriptionally regulated. Loss of COX-

2 post-transcriptional regulation by mutation of proteins specifically interacting with some 

messenger RNA elements of the enzyme may result in increased COX-2 expression. 

Cycloxygenases have two different activities. One endoperoxide reductase activity which 

oxides and cycles non-esterified precursos fatty acid to form cyclic endoperoxide PGG 

(prostaglandin G), and a peroxidase activity which converts PGG into prostaglandin H (PGH). 

COX-1 and COX-2 have approximately 60 % genetic homology in their coding regions, and 

their genes are located on chromosomes 9 and 1 (locus q25.2-q25.3), respectively (Carvalho 

et al, 2004). Tazawa et al. (1994), isolated the entire PGHS2 gene and its 5-prime flanking 

region and showed that it contains 10 exons and spans 7.5 kb. In the 5-prime region of the 

gene of COX-2 there exists numerous possible regulating elements, including a TATA box, 

regions for connection of some transcription factors, such as NF-kB, NF-IL6, AP-1, AP-2, 

GAS, TBP and CRE. The human PGHS1 genes comprise 11 exons and 10 introns and are 

approximately 22 kb long (Kraemer et al, 1992). There is a hypothesis of a third 

cycloxygenase with anti-inflammatory activity. COX-3, possibly a COX-1 variant is primarily 

distributed in cerebral cortex, spinal cord and heart (Carvalho et al, 2004). 

Regarding the issues related previously, DNA polymorphisms that are involved in the 

transformation of the inflammatory reaction, namely those that occur in the genes that support 
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the production of IL-1α, IL-1β, IL-1RN, IL-6, TNF-α and COX-2, could represent predictive 

factors for oral mucositis, possibly because they interfere with its evolution.      

 

Other factors influencing an individual’s risk of developing oral mucositis comprise defects of 

certain metabolic enzymes (e.g., dihydropyrimidine dehydrogenase) and DNA-repair 

mechanisms, deficiencies of folic acid and vitamin B12, overdue elimination of antineoplastic 

agents due to impaired renal or hepatic function, and pleural or peritoneal effusions, or the 

administration of specific antidotes such as leucovorin (Köstler et al, 2001).  

Ethnicity appears to impact the incidence of toxicities. In a comparison of toxicities between 

African-Americans and Caucasian patients being treating in a randomized trial for colon 

cancer, African-Americans experienced statistically considerably less mucosal toxicity 

(McCollum et al, 2002 cited by Anthony et al, 2006). 

 

The predictive factors for oral mucositis that have a changeable capacity include: oral hygiene 

(Dodd et al, 2000; McCarthy et al, 1998), hematological data, body surface area, smoking, 

alcohol consumption, presence of prosthesis and performance status (McCarthy et al, 1998).  

 

Body Surface Area 

Numerous studies have established a relation among obesity and colon cancer risk, and the 

effect of obesity on outcomes after diagnosis has been established, as well. A body mass 

index (BMI) greater than 35.0Kg/m2 at diagnosis was associated with an increased risk for 

recurrence of and death from colon cancer (Dignam et al, 2006). 

In a study of the influence of BMI on disease recurrence, overall survival and treatment-

related toxicity in patients with colon carcinoma conducted by Meyerhardt and partners 

(2003), obese patients did not experience a higher rate of chemotherapy-related toxicity 

compared with patients with normal weigh. In fact, obese patients had a significantly lower 

rate of grade 3-4 leucopenia as well as any toxicity ≥ grade 3. In 2004, Meyerhardt and 

colleagues conducted a study similar to the one described above, but in patients with rectal 

cancer. In this study, obese patents did not experience a higher rate of chemotherapy related 

toxicity (diarrhea, leucopenia, neutropenia and stomatitis) when compared with normal-
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weight individuals. In addition, this study suggests that overweight and obese patients can 

tolerate full-dose therapy with 5-Fu and should be treated by actual body weight.  

In a study conducted by Moore and partners (2004) in patients with colon cancer the BMI 

effect was stronger for men than for women and for cases occurring in the proximal colon. 

 

Hematological data 

Any decrease in neutrophil count before chemotherapy appears to increase the potential for 

developing oral mucositis (Pico et al, 1998). The results of a study conducted by McCarthy 

and partners (1998) in patients receiving 5-Fu for cancer of the digestive tract showed that a 

lower baseline neutrophil level (under 4000 cells/mm3) is significantly associated (predictor) 

with oral mucositis. The severity of neutropenia progresses to a nadir, usually 14 days after 

the initiation of cancer therapy and about 3 or 4 days after peak mucositis (Sonis, 1998). A 

meta-analysis of six North Central Cancer Treatment Group trials involving patients receiving 

their first ever 5-Fu-based chemotherapy showed that approximately 70% of patients from 

both sexes reporting stomatitis also had leucopenia. These results indicated a lack of 

correlation between the incidence of leucopenia and oral mucositis (Sloan et al, 2000). 

Berger & Eilers (1998), cited by Jaroneski (2006), consider that laboratory values, such as 

leukocyte count, platelet count, and renal function, increase the likelihood of developing oral 

mucositis.  

The finding that the inhibition of platelet aggregation is related to reduce mucosal toxicity 

also suggests a possible role for vascular endothelium and platelets in the pathogenesis of 

mucositis (Sonis et al, 2004). 

The clinically important hematologic toxicities and mucositis certainly warrant further study. 

 

Oral hygiene and prosthesis 

The status of the patient’s oral health is a well-established modifier. Patients in good dental 

health who maintain scrupulous oral hygiene during cancer treatment tend to have fewer 

episodes of mucositis than do patients with poor oral health and maintenance (Sonis, 1998). 

Poor oral care with concomitant dental and periodontal pathology, such as dental caries, 

periodontal and pulpal disease, including third molar pathology, leads to a greater risk for oral 
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complications during cytotoxic therapy. Similarly, ill-fitting prostheses, orthodontic 

appliances, defective restorations, and other sources of mucosal and gingival irritation have 

been related to an increased risk of developing oral mucositis in the course of antineoplastic 

therapy. Careful inspection of the oral cavity should be included in the diagnostic workup 

before initiation of potentially mucosatoxic therapy, and should be repeated during cancer 

therapy. This procedure permits the identification and elimination of preexisting potential 

sources of infection. In addition, hard and soft, fixed and removable prostheses have to be 

cautiously examined. Patients should be advised to avoid wearing removable prostheses 

during mucosatoxic treatment, except while eating (Köstler et al, 2001).  

Finally, is the observation that patients of the same age, having the same tumor, receiving the 

same dose and form of chemotherapy and with equivalent oral status do not develop mucositis 

at the same frequency (Sonis, 1998).   

Many investigators feel oral care with cancer therapy is beneficial, but the effect on mucositis 

is yet to be proven (Redding, 2005). 

Dodd and colleagues (2000), consider that additional parameters, particularly detailed oral 

hygiene practices, should be evaluated to identify whether certain clinical factors were 

significant in the development of mucositis. 

 

Smoking  

A meta-analysis of six North Central Cancer Treatment Group trials involving patients 

receiving their first ever 5-Fu-based chemotherapy showed that overall, smokers did not have 

a different incidence of stomatitis compared with nonsmokers. The incidence of severe/very 

severe stomatitis was also similar (Sloan et al, 2000).  

 

In addition, Clayton and colleagues (2002) cited by Anthony et al (2006), suspect that there 

are circadian and seasonal variations in tissue response to chemotherapy and radiation 

therapy. Maybe, these variations might interfere with the development of oral mucositis. 

There are numerous predictive factors that are supposed to be involved in the evolution of oral 

mucositis. Knowing these factors and, consequently, the conditions that may increase mucosal 

damage, management options for its prevention and treatment could be enhanced.    
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F. MANAGEMENT OPTIONS FOR ORAL MUCOSITIS 

The best strategy for managing oral mucositis would be to prevent it from occurring overall. 

Until recently, the options available for the prevention and treatment of oral mucositis had 

restricted efficacy (Stone et al, 2005). 

Curing mucositis is not as stimulating a prospect as curing cancer; however, it would recover 

the quality of life of thousands of patients annually. In addition, it is frequently disregarded by 

the oncology community (Keefe, 2006). Distinguishing the dramatic clinical and 

psychological effects of mucositis and the difficulty that this condition, occasionally, becomes 

to what may be a life-saving treatment, physicians, oral oncologists, investigators at the 

National Cancer Institute and others, have required to bring to the attention of the oncology 

community the clinical and economic impact of mucosal damage resultant from cancer 

therapy (Rubenstein et al, 2004). 

In response to these conclusions and progress, the Multinational Association of Supportive 

Care in Cancer and the International Society for Oral Oncology (MASCC/ISOO) created in 

1998 the Mucositis Study Group (MSG), with the initial intend of creating management 

guidelines for the prevention and treatment of oral mucositis and to address significant issues 

in research (Rubenstein et al, 2004; Stone et al, 2005; Keefe, 2006). For that reason, in 2000, 

the study section established a panel of 36 experts to develop evidence-based guidelines for 

the prevention and treatment of oral mucositis related to anticancer therapy. Because of the 

likely range of the literature search results and the extent of the panel, the topic was 

subdivided into subtopics, which were allocated to working groups of two to five elements. 

These subtopics included terminology, epidemiology, basic oral care and oral care protocols, 

insipid oral rinses, analgesics, cryotherapy, topical anesthetics, antimicrobial agents (systemic 

and topics), growth factors and cytokines, biologic mucosal protectants, anti-inflammatory 

agents, complementary and alternative medicine, low-energy laser therapy and haemorrhage 

(Rubenstein et al, 2004). The hatchling study group set about reviewing the available 

literature concerning mucositis (Keefe, 2006). [The initial Medline and cancer literature was 

haggard from as early as January 1966 and as late as November 21, 2001, but further work 

extent the search through May 31, 2002 (Rubenstein et al, 2004)]. 

The initial clinical practice guidelines for the management of oral mucositis were published in 

May 2004. Two companion papers were published as a supplement in the Journal Cancer. 

Although, there were not many recommendations for prevention or treatment that might really 

be made and, regrettably, the guidelines were more or less immediately out of date. In 
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addition, the first guidelines contained several negatives, only some maybes and not many 

positive advices. Papers on newer target agents are starting to emerge and so, the guidelines 

were updated in June 2005, with a table summarizing the new guidelines (Keefe, 2006). The 

panel expects to re-evaluate the guidelines once a year as a practice activity of the 

MASCC/ISOO Mucositis Study Section and to reconvene every three years or more 

regularly, as information permits, to consider possible alterations to the guidelines 

(Rubenstein et al, 2004). 

Considerable events have occurred in the last years. Recent advances in understanding the 

science behind mucositis, including the pathophysiology, have resulted in the identification of 

a variety of promising targets for treatment. Research is moving forward quickly and it 

becomes easier to target drugs (some described subsequently) and to appreciate why they 

could work, to evaluate them as potential interventions that are likely to improve the 

management of oral mucositis (Sonis, 2004; Stone et al, 2005; Keefe, 2006). In addition, 

given the biological complexity of mucositis and the variety of its clinical manifestations, it 

seems likely that an effective therapy will need to be aimed at multiple biological targets. A 

key challenge to the development of any therapy that is aimed at modulating chemotherapy or 

radiation therapy related toxicity is to guarantee that it targets normal tissue effectively, but 

does not reduce the tumoricidal impact of the antineoplastic treatment (Sonis, 2004). In 

addition, researchers recognize that, like most diseases, mucositis represent a clinical 

continuum, and palliation only is not a suitable endpoint for successful mucositis therapy 

(Sonis, 2007). However, the immensity of cancer patients still does not have a drug to relieve 

their mucositis (Keefe, 2006). Although there is no approved therapy to prevent or treat this 

condition at present, the development of a successful intervention is seen as a high priority in 

oncological supportive care (Sonis, 2004).  

 

Mucositis Study Group’s positive recommendations  

Since the first guidelines, the MSG has been capable to make at least one positive 

recommendation for palifermin (rHuKGF1), a drug that is the first in category and in field, 

and it has been registered by the Food and Drug Administration (FDA) in the United States of 

America and by other regulatory authorities worldwide to reduce the incidence and duration 

of severe oral mucositis in patients with haematologic malignancies who are being treated 

with high-dose chemotherapy and stem cell transplantation – in patient with non-
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haematologic malignancies. The safety and efficacy of this drug have not been established 

(Stone et al, 2005; Keefe, 2006). 

The recommendation for cryotherapy (ice chips) was also been expanded – include use in 

high-dose melphalan treatment (Keefe, 2006).  

 

Knowledge and Central Role for Nurses in patients care 

Not enough people know about the guidelines. Just a quite small percentage of the cancer 

community surveyed had even heard of the guidelines, as is seen in the paper on education 

and promulgation of the guidelines and a lamentably low percentage of those had put them 

into practice (Keefe, 2006). The development of standardised practice guidelines for oral 

mucositis will support uniformity of care both within a centre, as well as between centres 

(Stone, 2005). The aim of the MSG is to modify institutional protocols and influence clinical 

practice so that patients obtain the greatest likely care for their probable mucositis (Keefe, 

2006). Especially nurses practicing in the oncology settings are in primordial positions as 

advocates for patients (preventing and managing oral mucositis and reducing its 

incapacitating effects) and elements of the multidisciplinary team to persuade and guide the 

development of practice guidelines (Cheng, 2007; Stone et al, 2005).  

Nurses have three main responsibilities in managing oral mucositis: valuable assessment and 

monitoring of the oral cavity as well as symptoms, disease management focusing on ensuring 

that correct intervention is accessible to patients, and patient education that must include a 

discussion of probable oral complications (Stone et al, 2005). Top priorities comprise 

providing explicit psychological support in addition to nutritional interventions to patients 

with difficulty in swallowing, relaxation, and supportive care interventions for relief of dry 

mouth and distorted taste (Cheng, 2007).  

In developing practice guidelines for oral mucositis, nurses have to attend to some subjects 

such as: support base that will be used to create the guidelines for oral mucositis; 

measurement scales that will be used; frequency of patients monitoring and assessment; 

method to assess the effectiveness of guidelines; whether supplementary team training will be 

necessary. Furthermore, nurses have to participate in the permanent quality enhancement 

programs to assess changes in practice and identify improvements in results, since practice 

guidelines are implemented (Stone et al, 2005). Nurses, as performing these functions, will 

need improved training on oral and dental aspects of oncology care, standard oral mucositis 
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assessment scales and clinical management guidelines for mucositis (Daniel et al, 2004 cited 

by Stone et al, 2005). This require for improved education is more imperative with the 

introduction of novel agents and new developments in the management of oral mucositis 

(Peterson et al, 2004). 

 

Non-pharmacological and pharmacological oral therapies 

Non-pharmacological interventions such as oral hygiene and, in certain situations, oral 

cryotherapy remain ideal approaches. Further choices such as antimicrobials, oral coating 

agents, anti-inflammatory agents and cytokine-like agents are repeatedly used in clinical 

practice; however, their use is based on feeble and frequently little or no data (Shih et al, 

2002; Stone et al, 2005 cited by Stone et al 2005).  

Oral complications remain the foremost font of disease even with the use of an assortment of 

agents to prevent them. There are differences in usage among cancer centres in terms of the 

mouthcare schedule used. Fulfilment with recommended use of product is changeable and 

there are contradictory reports of the effectiveness of prophylactic agents. The quantitative 

and qualitative benefits, side effects and costs of oral therapies are of significance to the 

cancer teams accountable for the treatment of patients (Clarkson et al, 2007). 

Several interventions for oral mucositis prophylaxis and treatment are described subsequently.  

 

Basic oral care  

While there is no enough scientific support to provide a guideline for basic oral care, its 

importance in maintaining mucosal health, integrity, and function normally is accepted. Oral 

care to remove potential sources of infection provided in conjunction with cancer therapy is 

necessary to prevent serious complications. The purpose is to decrease the impact of the oral 

microbial flora, reduce cancer therapy-related symptoms of pain and bleeding, and prevent 

soft tissue infections that may have systemic sequelae (Redding, 2005; Rubenstein et al, 

2004). Furthermore, maintenance of good oral hygiene will decrease the risk of dental 

problems, including caries and gingivitis. So, basic oral care is an important part of care of 

patients with cancer (Köstler et al, 2001; Rubenstein et al, 2004). Several investigators 

experience oral care with cancer therapy is advantageous, however the effect on mucositis is 

yet to be established (Redding, 2005). A single study confirmed that tooth brushing reduced 
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the number of oral lesions in patients receiving chemotherapy (Bonnaure-Mallet et al, 1998 

cited by Rubenstein et al, 2004). Nonetheless, the data on the effectiveness of oral care on 

reducing or preventing mucositis in these patients is fewer clear. Numerous studies have 

revealed a decrease in oral mucositis in patients who received oral care to remove sources of 

infection before and during their cancer therapy. But, other studies have shown no such 

change (Redding, 2005).  

The MASCC / ISOO guidelines recommend the use of oral care protocols that include patient 

education in an attempt to reduce the severity of mucositis from chemotherapy or 

radiotherapy. Oral care protocols are used in a challenge to prevent and manage mucositis, 

with an emphasis on feasibility, adherence and comprehensive patient education about 

mucositis and oral care. Oral care has long been integral to nursing practice, thus this health 

professionals should be fundamental in teaching oral hygiene techniques and consequently 

reinforcing oral hygiene practices (proper brushing, flossing and mouth rinsing). Many of the 

reports concerning to mucositis are drawn from the nursing literature (Rubenstein et al, 2004; 

Stone et al, 2005). 

The updated (2005) guideline suggests multidisciplinary development and evaluation of oral 

care protocols, and patient and staff education in the use of such protocols to reduce the 

severity of oral mucositis from chemotherapy and/or radiation therapy. As part of the 

protocols, the panel suggests the use of a soft toothbrush that is replaced on a regular basis. 

Elements of good clinical practice should include the use of validated tools to regularly assess 

oral pain and oral cavity health. The inclusion of dental professionals is vital during the 

treatment and follow-up phases. As experts of the oral cavity, it will become even more 

important for dental professionals, to be implicated in evaluating these modalities and 

providing oral care for cancer patients. Consequently, it will be essential to provide 

comprehensive training on oral complications of cancer therapy for dental professionals. The 

ultimate purpose would be to have an adequate cadre of dental professionals to support 

oncologists in the oral management of these patients (Redding et al, 2005). 

Careful examination of the oral cavity should be included in the diagnostic workup before 

initiation of potentially mucosatoxic therapy, and should be repeated in the course of 

treatment. This practice not only allows for the differentiation of oral mucositis from pre-

existing changes, such as pemphigoid, lichen planun, leukoplakia and graft-versus-host 

disease, but permits, as well, the detection and eradication of pre-existing possible sources of 

infection. To an inspection of the oral cavity, the pretherapeutic workup also should include 
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periodontal, dental and, if indispensable, radiographic evaluation to identify caries, periapical, 

third molar, and periodontal pathology. During treatment, eradication of probable infectious 

foci, principally through extraction of teeth with infected pulp, has to be emphasized – even in 

myelosuppressed patients. Furthermore, hard and soft, fixed and removable prostheses have to 

be carefully examined (Köstler et al, 2001).  

In the course of mucosatoxic therapy, patients must be advised to perform frequent and 

effective mechanical plaque removal using a soft toothbrush and dental floss. However, in 

cases of pre-existing mucosal irritation or thrombocytopenic haemorrhage, cotton swabs or 

sponges can be used as a substitute for toothbrush. To preserve oral humidity and to reduce 

cariogenic flora, patients should rinse with saline or bicarbonate solutions, use lip lubrificants, 

and use sugarfree products. Furthermore, patients should be advised to avoid wearing 

removable prostheses for the duration of mucosatoxic treatment, except while eating (Köstler 

et al, 2001). In addition, it is suggested that patients avoid factors that cause irritation, 

including hot, spicy and coarse foods, fruits and beverages with a high acid content, and 

alcohol. Patients should abstain from smoking too, to minimise oral complications (Köstler et 

al, 2001; Stone et al, 2005). 

Implementation of oral care protocols is usually a systematic process in which specific agents 

are not the major focus. Somewhat, the important components of this implementation 

comprise viability, adherence, performance and outcomes. Patient’s education refers to 

comprehensive, theory-based, educational approaches that prepare individuals to medical 

procedures, including what to expect and how to manage, an approach that also has been 

termed psychoeducation, for the reason that it address both physical and psychologic aspects 

of the symptoms (e.g., distress, anxiety). Programmatic reports provided evidence (though not 

empiric support) for the importance of implementing institutionalized oral care protocols or 

standards. The collective results from several studies about the management of mucositis 

suggest that using a systematic protocol improves patient outcomes. The purpose of these 

studies is not to test oral care protocols officially but, somewhat, surveyed institutions or 

health professionals about oral care. In addition, they revealed extensively different practices 

and little agreement on standardized approaches to oral care (Rubenstein et al, 2004). 

Moreover, several topical preparations have been in extensive use for the treatment of 

mucositis and its associated pain (Rubenstein et al, 2004). As the duration of pain control by 

topical anesthetics is habitually short, combination of local anesthetics and mouthcoating 

agents are regularly applied (Köstler et al, 2001). The most frequent ingredients comprise 
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viscous lidocaine, benzocaine, milk of magnesia, kaolin, pectin, chlorhexidine and 

dyphenhydramine. Topical analgesics that can be considered include the single agent 

benzydamine and morphine. Various topical agents have been compounded in mixtures; but, 

there is no considerable evidence of the effectiveness or tolerability of these combinations. A 

number of these preparations may be minimally superior to normal saline, though the data is 

not credible. So, the need of forceful evidence prevents the panel from suggesting any 

palliative mixture for therapeutic target in oral mucositis. Nonetheless, because worry exists 

about absorption of amide anesthetic (e.g. lidocaine) through injured mucosal surfaces, both 

individual agents and palliative mixtures oblige further study to assess their toxicity and 

efficacy (Rubenstein et al, 2004). Since oral solutions containing local anesthetics interfere 

with taste perception as well, thus probably contributing to hypoalimentation, the prophylactic 

use of local anesthetics should be discouraged (Köstler et al, 2001). 

 

Infection Prevention 

An important part of the health care providers’ role is also educate patients in relation to the 

risk of infection and provide them with a register of signs and symptoms, such as soreness, 

tingling, sticky secretions or haemorrhage  in the mouth, that must prompt them to call a 

health professional (Stone et al, 2005). 

It is probable that upwards of 500 species of bacteria inhabit the human oral cavity. The 

mainstreams are harmless commensal bacteria, but others are pathogenic in the development 

of dental caries, periodontal diseases, and acute or chronic infections. Cytotoxic 

chemotherapy compromises the mouth’s defense mechanisms both physically (e.g. direct 

injure to mucosa) and immunologically (i.e., neutropenia) potentially causing an overall 

change in oral microflora (Napeñas et al, 2007). 

It has been suggested that infection may play a role in the harshness of oral mucositis related 

to cancer therapy, and this area has been investigated extensively (Redding, 2005). The oral 

mucosa of cancer patients is colonized by a variety of potentially pathogenic microorganisms, 

especially gram-positive cocci, gram-negative opportunistic bacteria and fungi (Köstler et al, 

2001). Disturbed integrity of the oral epithelial barrier, leukopenia, changes in the salivary 

flow and composition, and the bacterial colonization of ulcerative lesions that occurs in 

patients with mucositis is thought to prolong and worsen the condition (Köstler et al, 2001; 

Sonis, 2004). Oral bacteria may contribute to the overall pathogenic process, and commensal 
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oral bacteria may become pathogenic if they enter the bloodstream. Nevertheless, the simple 

colonization of oral flora does not automatically convert into local or systemic infection; but 

the combination of mucositis and granulocytopenia raises the risk of systemic infection. In 

addition, hospital inpatient may acquire pathogenic bacteria through nosocomial means 

(Napeñas et al, 2007). Therefore, numerous antimicrobial agents (disinfectants, antibacterial, 

antiviral and antifungal agents) have been studied for the prophylaxis and treatment of the 

disease; however the results of this have been contradictory (Köstler et al, 2001; Sonis, 2004).  

Two systematic reviews of the usefulness of oral interventions to moderate the effects of oral 

mucositis have been performed (Napeñas et al, 2007). A current efficient review looking at 

antimicrobial therapy to prevent or treat mucositis acknowledged 31 prospective trials (not 

only randomised trials) of which 13 accounted some advantage. The review concludes that 

there is no obvious outline promising concerning the benefit or otherwise of antimicrobial use 

to manage mucositis, and there is restricted evidence supporting the employ of antimicrobial 

agents for reducing oral mucositis (Donnelly 2003 cited by Clarkson et al, 2007). A Cochrane 

review of 27 publications found that of 8 prophylactic agents, only ice chips were effective 

for the moderation of mucositis, and there was no advantage from antimicrobial agents 

(Clarkson et al, 2003 cited by Napeñas et al, 2007). These negative results may reflect that the 

antimicrobial agents studied targeted the incorrect bacterial species, or the role played by 

microorganisms in oral mucositis was overestimated (Napeñas et al, 2007).  

Odontogenic and gingival infections represent the major source of bacteria complicating 

mucositis (Köstler et al, 2001). Mucositis appears to affect neutropenic patients receiving 

chemotherapy to systemic streptococcal infections (Redding, 2005; Napeñas et al, 2007). But, 

whereas a-streptococci are not involved primarily in the pathogenesis of oral mucositis, 

aerobic sprecies including pseudomonas spp, Staphylococcus epidermidis, anaerobic bacteria 

such as Bacteroides spp and Veillonella spp and endotoxin derived from aerobic gram-

negative bacilli are thought to play a pivotal role in the bacterial phase. This hypothesis is 

further corroborated by the observation that elimination of gram-negative bacilli results in a 

lower incidence of oral mucositis. Therefore, selective decontamination of the oral cavity for 

the prophylaxis of oral mucositis has been emphasized by many authors. However, in some 

studies, selective decontamination only achieved a moderate reduction of mucositis incidence 

and severity; suggesting that bacterial infections are nor primarily involved in the 

pathogenesis of oral mucositis, but may alter the course of pre-existing oral inflammation  

(Köstler et al, 2001). Gram-negative bacteria can increase the inflammatory process as well as 

intensify or promote ulcer formation during the discharge of endotoxin (lipopolysaccharides), 
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which interacts with macrophages to induce the production of inflammatory cytokines (TNF-

α, IL-6, and IL-1). If microbial colonization intensifies the inflammatory process, then 

interventions aimed at reducing pathogenic oral bacteria might change the cascade of events 

that lead to oral mucositis (Napeñas et al, 2007). 

Although fungi are not primaly involved in the development of oral mucositis, they account 

for the most frequent infections of the injured oral mucosa in immunosuppressed patients 

(Köstler et al, 2001). Consequently, Candida organisms do not appear to be implicated in the 

etiology of mucositis, although must be borne in mind to reduce the potential for the spread of 

systemic infection through ulcerated tissue (Redding, 2005). Candidiasis manifesting itself by 

characteristic white coats or erythematous lesions in the corners of the mouth, and on the soft 

palate and tongue. Aspergillosis and mucormycosis, characterized by painful oral ulcerations 

which may invade the orofacial skeleton are less frequently observed. Because fungal sepsis 

can be held responsible for one-third of septic deaths in immunocompromised patients the 

prophylactic use of different antifungal agents has to be emphasized in patients who are 

expected to develop prolonged granulocytopenia. Additionally, the practice can be 

complemented by histological, cytological, microbiologic, and serologic examinations of 

specific pathogens such as candida, and allows for a considerable decrease of complications 

of antineoplastic therapy (Köstler et al, 2001). Fluconazole and clotrimazole prophylaxis have 

been revealed to decrease candidiasis in cancer patients. Nystatin suspension prophylaxis is 

not helpful in the same patients, even though it is still normally used in numerous cancer 

centres (Köstler et al, 2001; Redding, 2005). In addition, multiagent mouth rinses containing 

amphotericin B have been applied successfully for both selective decontamination of the oral 

cavity and treatment of evident oral candidiasis. Nevertheless, assessment of amphotericin B 

as a single agent remains hard. Fluconazole seems to be greater in terms of tolerability 

comparatively with amphotericin B (Köstler et al, 2001).  

Second to fungi, viruses, mainly herpes simplex virus type I and varicella zoster virus (VZV) 

represent the most frequent pathogens aggravating oral mucositis during antineoplastic 

therapy. Herpes Simplex Virus (HSV) reactivation is common in patients receiving 

chemotherapy. Viral infections of the oral cavity are characterized by ulcerative-necrotizing 

changes and, occasionally, labial or extraoral vesicles frequently occurring around day 18 

after chemotherapy, so inconsistent with lesions caused by direct stomatotoxicity or fungal 

and bacterial infections (Köstler et al, 2001). HSV does not cause mucositis, but reactivation 

(occurs in 50 to 90% of patients) results in an additional harsh and longer durable course of 

ulceration than seen with HSV reactivation in immunocompetent individuals. HSV 
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reactivation can be mainly prevented with acyclovir, famcyclovir, or valacyclovir targeted at 

patients who demonstrate to be seropositive earlier to receiving conventional chemotherapy. 

So, it is important to evaluate these patients cautiously and to preserve a high degree of doubt 

for reactivation of HSV (Redding, 2005). Oral infection with VZV is characterized by 

grouped little vesicles that tend to rupture, leaving behind painful ulcers. Their distribution is 

frequently unilateral usually following a branch of the trigeminal or facial nerve. Infection 

normally occurs 2 to 3 weeks following discontinuation of chemotherapy (Köstler et al, 

2001). The 2004 MASCC/ISOO recommends that acyclovir and its analogues not be used 

regularly to prevent mucositis (level of evidence II; grade of recommendation, B). Acyclovir 

is effective in reducing herpes simplex virus infection in patients with leukaemia or 

lymphoma; however oral mucositis still develops in patients usually receiving acyclovir or 

one of its prodrugs for prophylaxis. This suggests that HSV infection plays a little or no role 

in causing oral mucositis (Rubenstein et al, 2004; 2005 Update).  

In a systematic review of the literature, Napeñas and colleagues (2007) did not divulge any 

agreement concerning qualitative and quantitative alterations in oral flora during cancer 

chemotherapy, or an obvious pattern or association between mucositis and oral flora changes. 

Studies differed in numerous central aspects, including patient population, medical diagnoses, 

chemotherapeutic regimens, use of antimicrobials throughout chemotherapy, sample sites, 

collection methods, number of samples collected, collection times, microorganisms cultured, 

existence of a control population, evaluation tool for mucositis, and the specific qualitative 

and quantitative outcomes measured. Additionally, it is believed that only 50% of all oral 

bacteria have been cultivated, since extremely host-adapted organisms such as Treponema 

pallidum and Mycoplasma pneumonia cannot be developed outside of the oral environment. 

Consequently, earlier characterizations of the nature of the oral environment during 

chemotherapy should be considered incomplete. The recent best method for analyzing 

bacterial assortment during cancer chemotherapy would involve using culture-in-dependent 

molecular phylogenic methods. 

Even if it is obvious that systemic antibiotic therapy is unsuccessful in treating mucositis, the 

use of topical therapy has resulted in mixed outcomes. It seems unlike that primary 

antimicrobial therapy will be a valuable approach; however additional studies are crucial to 

understand the role of microorganisms in the development and course of mucositis (Sonis, 

2004). 
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Anti-inflammatory Agents 

The inflammatory reaction undoubtedly plays a considerable role in the initiation and 

progression of cancer therapy-induced oral mucositis (Redding, 2005). Consequently, 

advances to chunk different phases of inflammation have been proposed as potentially 

hopeful therapies.  

Prostaglandins and Steroids 

Prostaglandins and steroids have been evaluated to decrease mucositis. These comprise 

dinoprostone (prostaglandin E2), misoprostol (prostaglandin E1) and prednisone. The impact 

on mucositis was not considerable. Pentoxifylline has been shown to diminish production of 

TNF-α, however has not been successful in reducing mucositis in patients taking 

chemotherapy (Redding, 2005).  

The underlying principle for the topical use of tocopherol (Vitamin E) is based upon its 

antioxidant and membrane stabilizing strength, therefore, potentially interfering with the 

inflammatory injure caused by reactive oxygen species and free radicals produced during 

chemotherapy. The topical application of vitamin E was found to have an appreciably 

superior activity as compared with placebo, in a randomized clinical trial including patients 

with oral mucositis induced by chemotherapy (Köstler et al, 2001).  

Benzydamine hydrochloride 

Benzydamine hydrochloride is a non-steroidal rinse exhibiting anti-inflammatory, 

antimicrobial, anesthetic and analgesic effects that has been revealed to inhibit TNF-α, as 

well. It is accessible in Canada and Europe, but is not approved by the Food and Drug 

Administration (FDA) for use in the United States (Köstler et al, 2001; Redding, 2005; Sonis 

et al, 2007). Three randomized trials demonstrate that the topical application of benzydamine 

resulted in a reduced incidence and significant symptom alleviation of chemotherapy-induced 

oral mucositis as compared with placebo (Köstler et al, 2001). 

Chlorhexidine  

MASCC/ISOO guidelines (2004) suggests that chlorhexidine not be used to treat established 

oral mucositis. Investigation has unsuccessful to produce evidence that supports the use of 

chlorhexidine to treat established mucositis (Rubenstein et al, 2004; 2005 Update). In 

addition, the emergence of infections caused by Gram-negative bacilli despite chlorhexidine 
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mouthwashes, mouthwashes-induced discomfort, and interference with the antifungal effect 

of nystatin have been reported (Köstler et al, 2001).   

A well designed, multicenter, double-blind clinical trial conducted in 23 outpatients and office 

settings assessed the efficacy of a consistent oral care protocol (PRO-SELF) plus “magic” 

mouthwash, salt and soda rinses, and chlorhexidine in reducing the length of pain related with 

oral mucositis induced by stomatotoxic chemotherapy. There was no disparity in the 

effectiveness of the three treatments in time to resolution of mucositis or in pain relief; 

however, the salt and soda rinses represented the least costly option. This study undoubtedly 

established no considerable difference in pain ratings among the treatment groups, although 

the fact that magic mouthwash included lidocaine and the chlorhexidine mouthwash contained 

alcohol, which can hurt on contact with oral mucosa (Rubenstein et al, 2004). As a result, 

chlorhexidine mouthwash had no clinical benefits compared with a nonantiseptic rinse, and 

was really associated with a higher incidence of oral mucositis (Peterson et al, 2004). 

Additionally other studies failed to find any advantage of chlorhexidine as a treatment for 

established oral mucositis (Rubenstein et al, 2004; 2005 Update).  

 

Cryotherapy 

It has been proposed that if blood flow to the oral mucosa might be reduced during 

chemotherapy administration, subsequently this tissue would be exposed to fewer drugs, 

resulting in less mucositis (Redding, 2005; Migliorati et al, 2006). Oral cryotherapy appears 

to decrease oral mucositis in patients receiving cytostatic agents with a relatively short plasma 

half-life, such as 5-Fu (Köstler et al, 2001; Peterson et al, 2004; Migliorati et al, 2006, Sonis 

et al, 2007). 

MASCC/ISOO guidelines (2004) suggests that patients receive bolus 5-FU chemotherapy 

undergo 30 minutes of oral cryotherapy to prevent oral mucositis. It was hypothesized that 

placing ice chips in the mouth, starting 5 minutes before 5-FU bolus injection and continuing 

for a total of 30 minutes, would lead to vasoconstriction. It was suggested that the 

vasoconstriction would allocate less 5-FU to achieve the oral mucosa, thus attenuating 5-FU-

induced mucositis (Rubenstein et al, 2004).  

Cryotherapy has been shown to decrease oral mucositis in patients taking 5-FU chemotherapy 

in two clinical trials. One randomized but nonblinded study of 95 patients was conducted in 

patients who were receiving bolus 5-FU. Mucositis was assessed by questionnaire. Results 
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from that trial demonstrated that the group receiving oral cryotherapy showed a diminution of 

approximately 50% in mucositis. Another randomized study (Cascinu et al, 1994 cited by 

Rubenstein et al, 2004) of 84 patients who were receiving 5-FU, showed a decrease in the 

order of 50% in mucositis in those who received oral cryotherapy.  

An ensuing randomized clinical trial of oral cryotherapy for either 30 minutes or 60 minutes 

reported that extending the duration of oral cryotherapy did nor supply additional benefit; so, 

3-minute cryotherapy was recommended (Rubenstein et al, 2004; 2005 Update). Furthermore, 

other investigators used cryotherapy associated with allopurinol, an agent that reduces active 

oxygen species, in patients receiving 5-Fu and leucovorin for the treatment of colon cancer, 

demonstrating the potential benefit of this association (Migliorati et al, 2006).  

It must be renowned that oral cryotherapy is not expected to be helpful in preventing oral 

mucositis in patients receiving 5-FU by continuous infusion or in patients undergoing 

administration of other agents (e.g. methotrexate, doxorubicin) with a long serum half-lives. 

Criotherapy’s low cost and negligible toxicity defend its use (Rubenstein et al, 2004; 2005 

Update; Migliorati et al, 2006). 

 

Glutamine 

A further approach to mucositis intervention has focused on a likely role for cellular nutrition 

(Sonis, 2004). Glutamine is an essential amino acid that has an important role in cell recovery 

after damage (Peterson et al, 2004; Sonis, 2007); so it is crucial to the regulation of protein 

synthesis, respiratory fuelling and nitrogen shuttling (Redding, 2005). Glutamine can be 

administered topically, orally, or intravenously and its use in the prevention and treatment of 

mucositis has been supported and studied for years, with very assorted results (Sonis, 2007). 

AES-14, which is L-glutamine administered in a proprietary vehicle that greatly increases its 

uptake, was evaluated in a Phase III trial in patients with solid tumours who were at high risk 

for oral mucositis related to chemotherapy. Patients who received AES-14 had a lower 

incidence of Grade ≥ 2 mucositis compared with patients who received placebo (Rubenstein 

et al, 2004). Mucositis was not present in 33% of patients (receiving chemotherapy and at risk 

of oral mucositis) treated with AES-14, compared with 24% of placebo recipients (Peterson et 

al, 2004). AES-14 is currently in the latter phases of clinical trials for the evaluation of oral 

mucositis in a variety of settings. 
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Coating Agents 

The purpose of coating agents is to cover the ulcerated tissue of mucositis, thus acting similar 

to an intraoral bandage. A few may include topical anesthestics, which are short acting; 

however the effective function is long-term reporting. Sucralfate suspension, a basic 

aluminium salt of sucrose sulphate, is thought to adhere to areas of gastrointestinal mucosa 

ulceration, consequently creating a surface barrier, and is used in the management of these 

ulcers (Redding, 2005). Furthermore, sucralfate promotes the local production of 

prostaglandin E2, which itself is thought to operate as a cytoprotectant stimulating epithelial 

proliferation and migration, mucosal blood flow, and mucus production (Köstler et al, 2001). 

It was proposed that sucralfate suspension would adhere to areas of oral ulceration (Redding, 

2005), but failed to protect against mucositis in patients receiving 5-Fu (Köstler et al, 2001; 

Peterson et al, 2004). Sucralfate seems to have little, if any, benefit when compared with 

standard oral hygiene and symptomatic treatment of oral mucositis (Köstler et al, 2001). 

Nevertheless, results in clinical trials have been assorted. Hydroxpropylcellulose gel supplies 

good adherence and coverage to restricted areas of oral ulceration. In addition, oral pain was 

reduced, and duration of adherence was usually seen for at least three hours. It was evaluated 

as a coating agent for mucositis in patients receiving chemotherapy. The application of this 

product in these patients is technique sensitive, and this has reduced its use and effectiveness. 

Polyvinylpyrrolidone/sodium hyaluronate gel has been shown to decrease oral mucositis in 

two pilot studies (Redding, 2005). 

 

6. Reactive Oxygen Species Inhibitors 

ROS production is associated with both chemotherapy and radiotherapy-induced oral 

mucositis; therefore inhibition of these molecules would emerge to be a promising strategy. 

Amifostine, an ROS inhibitor, was developed to protect U.S. soldiers from the effect of 

radiation. It reduces the number of DNA strand breaks following radiation therapy, may 

preferentially protected endothelium, salivary glands, and connective tissue; and has been 

shown to decrease IL-6 and TNF-α (pro-inflamatory cytokines) in the peripheral blood of 

patients with advanced-stage cancer (Redding, 2005; Sonis, 2004). 

The 2004 MASCC/ISOO guidelines only suggest using amifostine to reduce esophagitis 

induced by concomitant chemotherapy and radiotherapy in patients with nonsmall cell lung 

cancer. Amifostine is a thiol-containing prodrug that is dephosphorylated by 
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alkalinephosphatase to its active metabolite WR-1065, which acts as an effective scavenger of 

ROS (Rubenstein et al, 2004; 2005 Update).  This mechanism of action would serve as a 

rational basis for using amifostine as an agent to prevent the initiation of mucositis induced by 

chemotherapy, radiotherapy and simultaneous chemoradiotherapy. Results have been mixed; 

however seem more reliable among patients who are receiving radiotherapy than those who 

are being treated by chemotherapy (Rubenstein et al, 2004; Sonis, 2004).   Currently, 

amifostine is approved by the FDA only for reducing the cumulative renal toxicity associated 

with repeated doses of cisplatin in patients with advanced ovarian cancer or nonsmall lung 

cancer and for reducing the incidence of moderate-to-severe xerostomia in patients 

undergoing postoperative radiotherapy for head and neck malignancies. The use of amifostine 

is complicated by its acute toxicity (e.g. nausea, emesis, hypotension, allergic reactions and 

taste disturbances), which may require the interruption or discontinuation of amifostine 

therapy. An additional important concern about the use of amifostine is the selectivity of its 

action on normal tissues versus its action on tumour cells. There are theoretic concerns that 

amifostine not only may protect normal tissue but may protect tumour cells from the effects of 

radiotherapy as well. Therefore, the panel considers the support on amifostine to be 

unsatisfactory for the establishment of guidelines for the settings of radiotherapy alone and 

chemotherapy alone (Rubenstein et al, 2004).   

Other agents that have ROS-inhibiting activity that may be promising for additional 

investigation in animal and human trials include N-acetylcysteine (NAC), manganese 

superoxide dismutase and benzydamine hydrochloride (Redding, 2005; Sonis, 2004). N-acetyl 

cysteine has been accessible as a mucolytic and an antidote for acetaminophen overdosage. 

Additionally to its antioxidant activity, it has the capacity to differentially activate NF-kβ such 

that following gene up regulation is antiapoptotic. In addition, it appears to prevent NF-kβ 

activation by TNF-α and attenuates the production of both IL-6 and TNF-α (Sonis, 2007).  

 

Salivary Function Modifiers 

If chemotherapeutic medications excreted in saliva contribute to oral mucositis, subsequently 

inhibiting salivary function might decrease this complication. In opposition, salivary 

stimulation may really speed the healing of mucositis because epidermal growth factor (EGF) 

is present in saliva. EGF plays a significant role in normal injury healing (Redding, 2005). 

Stimulation of salivary flow may be achieved by the use of nonirritating, cinnamon-free, 

mint-free and sugar-free drops or chewing gum, alkaline saline solutions or by low dose 
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pilocarpine. Salivary substitutes containing methylcellulose or mucopolysaccharides may be 

indicated during xerostomia (Köstler et al, 2001). 

 

Growth Factors 

At present, the use of growth factors is the most stimulating area in the pursuit to discover 

prevention for mucositis associated with cancer therapy. There are several types of growth 

factors, and they are mainly molecules that are usually produced in minute quantities by a 

variety of cells. They can be genetically produced in much larger quantities to deliver the 

correct molecule at the targeted time. The main objective of all growth factors is to stimulate 

cells that will neutralize the negative side effect of chemotherapy and radiotherapy. 

Inconsistent studies have shown that higher levels of salivary EGF are associated with more 

mucositis and less mucositis. EGF mouthwash produced a delay in onset and a reduced 

severity in recurrent ulceration in patients receiving chemotherapy. Two hematopoietic 

growth factors-granulocyte colony stimulation factor (GCSF) and granulocyte macrophage 

colony stimulating (GMCSF)-have been employed extensively to lessen mucositis. These 

drugs stimulate neutrophil production. It is felt that by reducing neutropenia with these drugs 

during chemotherapy, infections will be lessened, and if infections are a cofactor for 

mucositis, this will be reduced as well. Results have been conflicting (Köstler et al, 2001; 

Redding, 2005). GM-CSF mouthwashes have been shown to cause manifest alleviation of 

existing oral mucositis in numerous studies without evident systemic accumulation of GM-

CSF or effects upon systemic neutrophil counts. Köstler and partners (2001) reported that 

GM-CSF mouthwashes considerably abbreviated oral mucositis related to 5-Fu chemotherapy 

when compared with mouthwashes with povidone-iodine, amphotericin B and viscous 

lidocaine. Nevertheless, a double-blind, randomized placebo-controlled clinical trial failed to 

reveal a decrease in the incidence of mucositis upon prophylactic use of GM-CSF. Many 

clinical trials have addressed the subject of whether systemic administration of G-CSF exerts 

protective effects upon mucosal integrity as well, most of which evidently reveal a decrease of 

the incidence and harshness of oral mucositis subsequent to standard or myeloablative 

chemotherapy (Köstler et al, 2001). A further up to date review (Fung 2002) looked at GM-

CSF for the prevention and treatment of oral mucositis. This review integrated several studies 

counting ones with historical controls. The authors conclude that even if there are available 

studies, these studies are restricted and the employ of systemic or topical GM-CSF cannot be 

suggested for prevention or treatment of mucositis (Clarkson et al, 2007). 
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Transforming Growth Factor-beta-3 and Interleukin-11 have also been studied with mixed 

results. The fibroblast growth factors (FGFs) appear to be the most promising of the growth 

factors (Redding, 2005). Transforming growth factor-β3 was related to promising results in 

animals, but a clinical study suggested that it was no effective at reducing the incidence of 

grade 3 to 4 oral mucositis in cancer patients receiving high-dose chemotherapy, maybe 

because that formulation was not the most favourable for adequate drug delivery to the target 

tissue. Interleukin-11 has been shown to slow the development and decrease the harshness of 

mucositis in animal models, however has yet to be shown effective in clinical studies 

(Peterson et al, 2004). 

Recombinant human keratinocyte growth factor (rHuKGF) is the most studied of these 

growth factors, and is also known as KGF1 or FGF7 because it is a member of the heparin-

binding family of fibroblast growth factor. Its generic name is Palifermin and this growth 

factor has been effective in reducing the severity and duration of oral mucositis in patients 

receiving HSCT (Redding, 2005; Rosen et al, 2006; Sonis, 2004; Peterson et al, 2004). The 

prophylactic use of palifermin stimulates epithelial cell proliferation and differentiation, 

mediates cell repair, reduces TNF-α and IFN-gamma, decreases epithelial cell apoptosis, and 

exerts an anti-apoptotic effect via Bcl-2 up-regulation, that help provide cellular protection 

against mucosal damage and healing of oral mucositis (Spielberger et al, 2004; Rubenstein et 

al, 2004; Kepivance TM 2004, cited by Stone et al, 2005; Peterson et al, 2004; Sonis, 2007). 

Preclinical models established that palifermin manifestly reduced radiation and chemotherapy 

– induced damage to the oral cavity and lower GI mucosal linings (Rosen et al, 2006), by 

maintaining the number of goblets cells after cancer therapy (Chan et al., 2007). It is being 

currently evaluated to prevent mucositis in other at-risk populations, as well as with other 

treatment modalities (Redding, 2005; Stone et al, 2005). In phase I/II randomized, double-

blind, placebo-controlled study conducted in patients receiving 5-Fu for metastatic colorectal 

cancer, palifermin was well tolerated and reduced the incidence of grade 2 to 4 oral mucositis 

contrasted with placebo (Peterson et al, 2004; Rubenstein et al, 2004; Rosen et al, 2006). 

Palifermin is a novel therapeutic that may help reduce the incidence and duration of 5-Fu-

induced mucositis and, importantly, its administration appeared to decrease the need for a 

chemotherapy dose reduction in patients receiving these chemotherapy regimens (Rosen et al, 

2006). Two other FGFs – FGA10 and FGF20 (Valifermin) – have been studied in animals and 

are in clinical trials (Peterson et al, 2004; Redding, 2005; Sonis et al, 2007). Human placental 

extract is thought to have growth promoting effects on the epithelium. One trial based on 120 
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patients established a development in mucositis when compared with disprin/betamethasone 

with risk ratio of 4.5 and the trial was rated as at high risk of bias (Clarkson et al, 2007). 

It must be renowned that some have proposed that growth factors have a hypothetical risk of 

unfavourably affecting tumor behaviour due to the presence of target receptors on cancer 

tissue. To date there is no information to support this supposition (Sonis et al, 2007). 

 

Pain Management 

Palliation of mucositis and acute oral pain is an important part of patient care (Rubenstein et 

al, 2004; Sonis et al, 2007), in the nonexistence of definitive treatment options. So, the 

primary focus for the nursing community in Europe has been symptom relief, particularly 

pain management (Stone et al, 2005). Cella et al (2003) reported that oral pain peaked around 

days 14-16 following the initiation of cytotoxic treatment. In addition, patient-reported mouth 

pain was significantly associated with oral mucositis and dysphagia (Jaroneski, 2006). The 

painful sequelas of oral mucositis interfere with oral function and normally are related to 

negative outcomes that require parentral narcotic therapy, supplemental intravenous fluids or 

nourishment, and unlimited hospitalization (Cella et al, 2003; Peterson et al, 2004). Patients 

must be educated about pain-relief measures, because the pain related to oral mucositis can 

cause stress, depression, fatigue and can interfere with sleep; which further complicates the 

course of care and jeopardizes the success of cancer therapy. In addition, patients should be 

informed about new options and in relation to the benefits of these agents over conventional 

measures. Because severe oral mucositis habitually limits the intake of solid food, nurses 

should provide as well, patients and their caregivers’ information on how to prepare nutritious 

food at home (ex. patients should be told to avoid foods that irritate the mouth or 

oesophagus). Nurses could suggest patients to cook solid foods until tender, use moist sauces, 

and prefer soft, insipid foods (Stone et al, 2005). 

Pain control is a significant component of any mucositis management strategy because this is 

frequently the main patient complaint (Redding, 2005), and oral pain is reported as the most 

worrying of all the symptoms associated with oral mucositis (Cella et al, 2003). Advances 

include the employ of systemic analgesics and other individual agents, palliative mixtures of 

agents, coating agents and topical anesthetics/analgesics (Cella et al, 2003; Köstler et al, 

2001; Rubenstein et al, 2004; Stone et al, 2005). Pain control is initiated with topical 

analgesics and pursued with increasingly potent systemic medication (Redding, 2005). 



III. BACKGROUND 

64 
 

The panel (2004 MASCC/ISOO guidelines) proposes patient-controlled analgesia (PCA) with 

morphine as the treatment of choice for oral mucositis pain in patients undergoing HSCT. 

Control of mucositis-induced pain is realized by PCA with intravascular morphine sulphate. 

Level I evidence supports PCA for oral mucositis pain in patients who undergo HSCT, but 

there is little evidence to suggest its use in other patients and circumstances. While other 

opiates may achieve analogous pain control, morphine appears to require comparatively 

inferior drug doses and may be tolerated better (Rubenstein et al, 2004). Superior pain relief 

from oral mucositis and less morphine consumption can be achieved by PCA, as compared 

with continuous infusion or staff-controlled analgesia, respectively (Köstler et al, 2001; 

Clarkson et al, 2007). Pain management for mucositis must be governed by current clinical 

practice guidelines, such as those promulgated by the World Health Organization and the 

Agency for Healthcare Research and Quality for managing severe pain. These guidelines, 

described above, comprise accepted approaches for the use of nonopioids, opioids, adjuvant 

medications and assessment tools (Rubenstein et al, 2004). Oral pain has been identified as 

the most important symptom to measure in clinical trials of oral mucositis interventions (Cella 

et al, 2003). Several routes may be considered, depending on the individual patient 

population, including oral, transmucosal (oral and rectal) and trandermal routes, and diverse 

intravenous approaches (continuous infusion, bolus and PCA). The majority of patients 

receiving morphine PCA, but fail to achieve complete pain relief, and several patients are 

obliged to suspend opioids because of side effects such as confusion, sedation, constipation 

and respiratory depression (Coda et al, 1997; Bellm et al, 2000; cited by Stone et al, 2005). In 

such cases, switching among opioids may decrease side effects (Coda et al, 1997; cited by 

Stone et al, 2005). Early studies of transdermal fentanyl have been published; however further 

study is needed to prove its efficacy (Rubenstein et al, 2004). 

Gelclair  

In 2002, Gelclair (Helsinn Healthcare SA, Lugano, Switzerland) was approved by the FDA as 

a Class 1 medical device for the management and relief of pain associated with oral lesions of 

various etiologies, such as mucositis and stomatitis, which may be caused by chemotherapy or 

radiotherapy (Peterson et al, 2004; Rubenstein et al, 2004). It adheres to the mucosal surface 

of the mouth to form a soothing barrier to protect lesions and shield nerve endings (Peterson 

et al, 2004; Sonis et al, 2007). Gelclair appears to be safe and effective in improving pain 

scores, swallowing endpoints and nutricional endpoints, in an open-label study involving 30 

patients. Controlled clinical trial data are not yet available for this mixture of 

polyvinylpyrrolidone, sodium hyaluronate and glycyrrhetinic acid (Rubenstein et al, 2004).  
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Capsaicin  

A pilot trial using capsaicin, an effective inhibitor of neuropathic pain in a candy vehicle has 

established a noticeable decrease of oral pain in patients experiencing oral mucositis during 

chemotherapy (Köstler et al, 2001). 

Hydrogel  

The oral hydrogel wafer, Mucotrol TM (MF5232), was approved as a medical device for the 

treatment or management of pain related to oral mucositis. Mucotrol TM includes extracts 

from licorice root and aloe vera and dissolves in the mouth of a patient. The clinical trial 

prompting FDA approval was a randomized, placebo-controlled trial that included 30 patients 

who were undergoing treatment for cancer and had developed oral mucositis. Future clinical 

trials directly comparing Mucotrol TM to other pain relievers for mucositis are needed to 

determine the accurate clinical benefit of Mucotrol TM in cancer patients with oral mucositis 

(Food and Drug Administration, 2007). 

Pain is a symptom experienced by nearly all patients who develops oral mucositis and 

therefore represents an important and relevant endpoint to measure in clinical trials. A useful 

scale of pain assessment would be reported directly by patients (as opposed to their health 

care providers), be sensitive to the evolution of oral mucositis, and be correlated with other 

objective or subjective measures of the disease. Patients can rate their oral pain as being 

agonizing, yet have only the mildest of clinically evident mucosal changes; then there are 

patients with severe, extensive mucosal breakdown who report minimal oral pain complaints 

and can function, even eat normally. An independent assessment of pain by the patient is not 

only useful for capturing the patient’s perspective on his or her condition, but also 

complementary to the health care provider’s objective assessment of oral mucositis (Cella et 

al, 2003). In a randomized trial, it was verified that daily intensive personal contact by the 

nursing staff, as well as prompt adaptation of the required analgesic regimen in the course of 

chemotherapy, considerably reduced the oral discomfort related to mucositis, which decreased 

the need for pain medication (Janjan et al, 1992, cited by Köstler et al, 2001). 

Accordingly, only some treatments have been established effective for oral mucositis and 

standard care is based mainly on basic oral hygiene, appropriate analgesia and infection 

prophylaxis. There is also great interest in the development of new treatments for mucositis. 

Several interventions have been used to prevent or treat mucositis; but, many of them focus 

on symptom relief and there is little conclusive evidence from well-designed phase III clinical 
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trials that any of the existing available treatment options benefit patients (Peterson et al, 

2004). In addition, frequently the results are confusing, because the data from these trials are 

contradictory (Redding et al, 2005). The basis and potential mechanisms of action for agents 

explored as possible therapies are fairly diverse and such agents comprise mucosal surface 

protectants, anti-inflammatory agents, antimicrobial agents, growth factors and others that are 

complicated to categorize. Nevertheless, the evidence in support of these agents’ efficacy is 

not accurate enough for the establishment of a prescriptive guideline (Rubenstein et al, 2004). 

There have been various traditional reviews published and three systematic reviews have 

focused on the prevention and treatment of oral mucositis in patients with cancer. One older 

review available in 1998 concluded that for most strategies reviewed there is poor support to 

sketch any conclusions concerning their effectiveness (Kowanko, 1998 cited by Clarkson et 

al, 2007). The other two more recent reviews focused just on patients with head and neck 

cancer (Shih 2002; Sutherland 2001) and both were powerless to draw ultimate conclusions 

about the effectiveness of some of the agents tested, but in the Sutherland 2001 review, the 

most important analysis combined all the interventions in one meta-analysis and establish an 

advantageous outcome of prophylactic interventions (Clarkson et al, 2007). 

The panel considers that numerous of the agents studied are potentially useful, but the trials’ 

deficiency prevented the formulation of guidelines. Trials included single studies that were 

underpowered, studies that required an adequate control arm, studies that were not 

investigator blinded or patient blinded, and studies that suffered from other design deficits. 

New well designed, adequately powered and correctly executed studies are required to 

establish the importance of these assorted agents. To be valuable and to permit comparisons 

between studies, new investigators should include a control arm that represents the present 

pattern of care, and they should use a mucositis scoring scale with well established 

psychometric properties. Future mucositis trials should have adequate sample sizes for testing 

hypotheses. Alimentary tract mucositis is a complex process. It is especially unlike that a 

single therapy will prevent or treat this side effect of anticancer therapies. Local or topical 

strategies can be useful in assured circumstances, or they may be combined with other topical 

agents or systemically active agents. It is expected that in the future, mixture of agents will be 

used to prevent or treat complicated mucositis problems. The field of mucositis research 

needs to develop a scoring system or classification system to establish the mucotoxic potential 

of anticancer regimens. This classification system is indispensable for use in clinical trials of 

newer agents that can prevent or treat this side effect of anticancer therapy and for making 

comparisons among trials of hopeful agents (Rubenstein et al, 2004). 
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A. TYPE OF STUDY AND SELECTION OF PARTICIPANTS 

To establish the biologic predictive factors of oral mucositis in patients with colorectal cancer 

undergoing chemotherapy, a case-control study was performed.  

In this study, the population corresponds to patients with colorectal cancer followed at the 

Instituto Português de Oncologia de Coimbra Francisco Gentil (IPOCFG-EPE) and under 

chemotherapeutic treatments with combination regimens (FOLFIRI and FOLFOX) or with 

schedules of fluorouracil. Patients with the diagnosis of rectal cancer undergo concomitant 

radiation therapy.  

The inclusion criteria in this study were: to be submitted to at least four cycles of a 

chemotherapeutic regimen (De Gramont, Mayo, Roswell Park, Irinotecan, Folfiri or Folfox) 

since January 2004 to March 2008 (this period was required because of the necessity to obtain 

the sample strength), and have the diagnosis of colorectal cancer (confirmed by 

histopathological schemes).  

Patients were excluded from the study if: they were mentally disabled or unable to provide 

accurate information and understand the aim of its participation in the study or have 

communication barriers, and if other oncologic disease could be considered. 

From a consecutive series of colorectal cancer patients treated with chemotherapy and 

followed at IPOCFG-EPE between February and March 2008, case and control groups were 

assessed for clinical data using patients’ records. All patients (n=108) that congregated the 

entry criteria and were accessible during this period, agreed to make part of the study after 

voluntary and informed consent was given and, consequently, permitted the blood collected. 

Characteristics of participants 

The studied population included DNA samples from a hundred and eight individuals (65% of 

participants were male) with a mean age of 62 years (SD 10,9) and a median age of 63 years 

old (ranging from 34 to 80). From these, twenty six (24%) developed oral mucositis and 

constituted the case group. The control group was represented by individuals (76% of the 

studied sample) with no evidence of oral mucositis. 
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Ethical issues 

Helsinki declaration contains general standards of conduct in biomedical research and 

requires obligations not only relatively to those participants in the study, but still to all others 

which health can be protected or improved by the application of the outcomes. Participants 

must understand that despite the studies in which they are involved not necessarily improve 

its personal situation; they can help to protect thousands of other individuals (Beaglehole et 

al, 2003).  

Only those patients that agreed to participate, by given its voluntary and informed consent1, 

were considered. The confidentiality of all intervention associated with research and the 

continuation of an adequate clinical assistance was guaranteed, even if the patients refused to 

contribute to the study. It was assured to participants the right of removing from the study any 

time. 

This study was entirely approved by the Ethical Committee of the Instituto Português de 

Oncologia de Coimbra Francisco Gentil. Both the Administration of the Portuguese Oncology 

Institute of Coimbra and the Scientific Committee of the Master in Oncology of Instituto de 

Ciências Biomédicas Abel Salazar of Porto University approved the study supporting this 

thesis.  

 

B. VARIABLES 

In this clinical research, oral mucositis was designated as the outcome/dependent variable, 

whereas genetic polymorphisms in the expression of transcription factors transforming an 

inflammatory reaction (IL-1α, IL-1β, IL-1RN, IL-6, TNF-α and Cox-2) represented the 

predictor/independent variable. Other variables of interest for this study or covariables with an 

invariant nature and frankly related to the individual, which have a predictive effect in oral 

mucositis include: gender, age, diabetes and patient’s diagnosis/type of tumor.  Variables such 

as chemotherapy (dose intensity) is not directly related to the individual, however it is 

particularly difficult to modify.  Other variables influencing an individual’s risk of developing 

oral mucositis and that have a changeable capacity include: hematological data, body surface 

area, smoking, alcohol consumption and presence of dental prosthesis.      

 

                                                           
1 Addenda 1 
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C. PROCEDURES AND DATA COLLECTING METHODS    

The study sample is represented by both groups, case and control, and comprises every 

patients with colorectal cancer undergoing chemotherapy with any of the following regimens: 

DeGramont, Mayo or Roswell Park (only 5-Fu is used as chemotherapeutic drug), Irinotecan, 

Folfiri (Irinotecan/leucovorin/5FU) or Folfox (Oxaliplatina/leucovorin/5FU). Patients with 

colorectal cancer who developed oral mucositis related to chemotherapy (any regimen) 

represented the Cases. Controls comprise a group of people that did not develop the disease, 

despite the capacity to represent the individuals selected as cases.  

Following the establishment of both sample groups, Cases and Control, cancer patients that 

were in follow-up surveillance or that were receiving chemotherapy, were invited to 

participate in this study when they were coming to the institution (Department of Medical 

Oncology, including the Oncology Day Unit). By this way, patient’s distress was minimized. 

Additionally, unnecessary displacements to the institution were avoided, as same as inherent 

costs.  

Usually, cancer patients followed at the Department of Medical Oncology, prior to the 

consultation and/or planned chemotherapeutic treatments, experience a blood sample collect 

for laboratory analyses (control or diagnosis). So, the blood collect needed to analyze genetic 

polymorphisms were realized concomitantly to the previous ones, besides intending of 

minimize de discomfort to the patient, rationalize the professional health’s time dispended 

with the collect and the material needed for this procedure.  

The inherent costs to genetic polymorphisms analyses of the specimens obtained were 

supported and provided by the Instituto Português de Oncologia-Porto (IPOPFG-EPE).   

The methodology implemented to data collect for analyze the variables of interest described 

previously, was the review of the patient health record of subjects with colorectal cancers 

undergoing chemotherapy in a particular period. It was necessary to develop a document2 for 

data collect purpose, because of a need of systematize and achieve the entire information 

required to the attainment of the study, by a clear and truthfully way.         

 

                                                           
2 Addenda- 2 
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Genetic Polymorphisms  

DNA extraction  

Approximately 9 ml of blood was collected from each enrolled participant using a standard 

technique to EDTA (Ethylenediamine tetraacetic acid) containing tubes. Until being 

transported for the molecular oncology labs at Portuguese Institute of Oncology-Porto for 

DNA extraction the collected blood was carefully store at -20ºC at genetics’ labs, for a 

maximum period of four weeks. Genomic DNA was extracted from peripheral blood 

leukocytes, using the QIAamp® DNA Blood Mini Kit (cat. no. 51106, Qiagen, Madrid, Spain) 

following the manufacture’s instructions3.  

 

Genotype characterization of SNPs in inflammatory genes  

Two techniques were used to carried out the genotype discrimination of the seven candidate 

polymorphims: the +4845G/T IL-1A, +3954C/T IL-1B, +2018T/C IL1RN and -308G/A TNF-a 

polymorphisms were characterized through Real-Time PCR; the genotypes of the three 

genetic variations, -1195G/A and -765G/C in COX2 and -174G/C in IL6, were determined by 

Polymerase Chain Reaction - based Restriction Fragment Length Polymorphism (PCR-

RLFP) based on the protocols previously described by Zhang et al. [], Pereira et al. [] and 

Kristiansen et al. [], respectively. All genotyping was done with laboratory personnel blinded 

to the mucositis status of the samples.  

 

• Genotype characterization through Real-Time PCR 

The +4845G/T IL-1A, +3954C/T IL-1B, +2018T/C IL-1RN  and -308G/A TNF-a 

polymorphisms were genotyped on a ABI Prism® 7300 Real-Time PCR System (Applied 

Biosystems, Foster City, CA, USA) using the following validated TaqMan® SNP genotyping assays 

(Applied Biosystems, Foster City, CA, USA): C___9546471_10, C___9546517_10, 

C___8737990_10, C___7514879_10, respectively. The probe sequences for the four 

proinflammatory gene polymorphisms can be observed in table 1. Each set of genotyping 

assays contained the amplification primers flanking the SNP region and the oligonucleotide 

probes labelled with two fluorescent dyes, FAMTM and VICTM to discriminate between the two 

alleles of the polymorphisms. The reaction mixture was set up in 6 µL reaction with 50ng of 

genomic DNA, 2.5 µL of the 2x TaqMan® Genotyping Master Mix (ref. 4371355, Applied 

                                                           
3 Addenda-3 



 

 

Biosystems, Foster City, CA, USA)

Biosystems, Foster City, CA, USA)

consisted of denaturation at 92ºC for 15 sec, annealing and primer extension at 60ºC for 1 

min. The post-read was performed at 60ºC for 1 min. In each 96

(mix without DNA template) was included. An exemplificative graph of an allelic 

discrimination analysis is presented in figure 1. Cases with undetermined genotype even after 

a second round were excluded.

 

Table 3. Candidate polymorphisms and their respective p

Gene 
SNP 

location 
db SNP 

ID 

TaqMan® 

genotyping 

IL-1A +4845G/T rs17561 C___9546471_10

IL-1B +3954C/T rs1143634 C___9546517_10

IL1RN +2018T/C rs419598 C___8737990_10

TNF-α -308G/A rs1800629 C___7514879_10

Note: All sequences are from 5’ to 3’ end.

Figure 4. Exemplificative graphic of an allelic discrimination an

Software (version 1.2.3, 7300 Real

oligonucleotide probes labeled with two different fluorescent dyes: FAM (allele A) and VIC (allele G); 

IL1B +3954 TT genotypes;  

controls. 
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Biosystems, Foster City, CA, USA) and 2.25 µL TaqMan® SNP genotyping assays 

ty, CA, USA). Cycling was 95ºC for 10 min followed by 40 cycles that 

consisted of denaturation at 92ºC for 15 sec, annealing and primer extension at 60ºC for 1 

read was performed at 60ºC for 1 min. In each 96-well plate negative controls 

without DNA template) was included. An exemplificative graph of an allelic 

discrimination analysis is presented in figure 1. Cases with undetermined genotype even after 

a second round were excluded. 

Candidate polymorphisms and their respective probes  

TaqMan® 
SNP 

genotyping 
assays 

FAMTM Probe 

C___9546471_10 
ACATTGCTCAGGAAGCTAAAAGGTGC 

TGACCTAGGCTTGATGATTTCTAAA 

ACATTGCTCAGGAAGCTAAAAGGTG

TGACCTAGGCTTGATGATTTCTAAA

C___9546517_10 
CATAAGCCTCGTTATCCCATGTGTCA 

AAGAAGATAGGTTCTGAAATGTGGA 

CATAAGCCTCGTTATCCCATGTGTC

AAGAAGATAGGTTCTGAAATGTGGA

C___8737990_10 
ATCTGAGGAACAACCAACTAGTTGCT 

GGATACTTGCAAGGACCAAATGTCA 

ATCTGAGGAACAACCAACTAGTTGC

GGATACTTGCA

C___7514879_10 
GAGGCAATAGGTTTTGAGGGGCATGG 

GGACGGGGTTCAGCCTCCAGGGTCC 

GAGGCAATAGGTTTTGAGGGGCATG

GGACGGGGTTCAGCCTCCAGGGTCC

Note: All sequences are from 5’ to 3’ end. 

Exemplificative graphic of an allelic discrimination analysis using the Sequence Detection 

Software (version 1.2.3, 7300 Real-Time PCR System, Applied Biosystems) throught the use of specific 

oligonucleotide probes labeled with two different fluorescent dyes: FAM (allele A) and VIC (allele G); 

 - IL1B +3954 CC genotypes;  - IL1B +3954 TC genotypes; 
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SNP genotyping assays (Applied 

. Cycling was 95ºC for 10 min followed by 40 cycles that 

consisted of denaturation at 92ºC for 15 sec, annealing and primer extension at 60ºC for 1 

well plate negative controls 

without DNA template) was included. An exemplificative graph of an allelic 

discrimination analysis is presented in figure 1. Cases with undetermined genotype even after 

VICTM Probe 

ACATTGCTCAGGAAGCTAAAAGGTGA 

TGACCTAGGCTTGATGATTTCTAAA 

CATAAGCCTCGTTATCCCATGTGTCG 

AAGAAGATAGGTTCTGAAATGTGGA 

ATCTGAGGAACAACCAACTAGTTGCC 

GGATACTTGCAAGGACCAAATGTCA 

GAGGCAATAGGTTTTGAGGGGCATGA 

GGACGGGGTTCAGCCTCCAGGGTCC 

 

alysis using the Sequence Detection 

Time PCR System, Applied Biosystems) throught the use of specific 

oligonucleotide probes labeled with two different fluorescent dyes: FAM (allele A) and VIC (allele G);  - 

IL1B +3954 TC genotypes;  - Negative 
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• Genotype characterization through PCR-RFLP 

DNA amplification by PCR 

The PCR primers sequence used to amplify the promoter region containing the -1195G/A and 

-765G/C COX2 and -174G/C IL-6 polymorphisms, also as the PCR amplifications conditions 

are displayed in Table 2.  PCRs were performed with a 50uL reaction mixture containing 

100ng of DNA added to: 0.5 mM of each primer (Metabion, Martinsried, Deutschland), 0.2 mM of 

each deoxyribonucleotide triphosphate (dNTP) (#R0192, Fermentas, Vilnius, Lithuania), 1.5 mM 

MgCl2, 1X Taq buffer and 1U of Taq DNA polymerase (#M8305, Promega, Madison, WI). As a 

negative control PCR mix without DNA sample was used to ensure contamination-free PCR 

product. 

 

Table 4. Primers sequence, cycling conditions and digested fragments for each of the SNPs analyzed throught 

PCR-RFLP. 

 COX2 polymorphisms IL-6 polymorphism 

 -1195G/A (rs689466) -765G/C (rs20417) -174G/C (rs1800795) 

Primers sequence 

Forward CCCTGAGACACTACCCATGAT ATTCTGGCCATCGCCGCTTC ATGCCAAGTGCTGAGTCACTA 

Reverse GCCCTTCATAGGAGATACTGG CTCCTTGTTTCTTGGAAAGAGACG GGAAAATCCCACATTTGATA 

PCR temperatures (time) 

Step 1 (initial denaturation)  95ºC (5m) 

Step 2 (denaturation) 94ºC (30s) 94ºC (1m) 94ºC (45s) 

Step 3 (primer annealing) 60ºC (30s) 59ºC (1m) 54ºC (45s) 

Step 4 (extension) 72ºC (45s) 72ºC (1m) 72ºC (45s) 

Step 5 (final extension) 72ºC (7m) 

Step 6 (hold) 8ºC 

Cycles (step 2 to 4) 35 

Restrictions enzyme (U) PvuII (1U) Bsh1236I (1U) NlaIII (5U) 

RFLP products 
AA: 273bp; GG: 220+53bp; 

GA: 273+220+53bp 
CC: 157bp; GG: 134+23bp;      

GC: 157+134+23bp 
GG: 164bp; CC: 111+53bp; 

GC: 164+111+53bp 

 

 

                       Identification of the amplified fragments 

To confirm the correct amplification of the DNA fragments form COX2 and IL-6, 15 µL of 

PCR product were analyzed by electrophoresis in a 1.5% (w/v) for the -1195G/A COX2 SNP 



 

 

and in a 2% (w/v) agarose gel stained with ethidium bromide, for 

IL6 polymorphisms. Gel visualization was carried out using an ultra

Doc XR System using the Quantity One 1

Figure 5. Identification in a 1.5% agarose gel of a 273 bp DNA fragment containing the 

polymorphism. M: 100 bp DNA ladder (#SM0243, Fermentas, Vilnius, Lithuania). 

 

Figure 6. Identification in a 2% agarose gel of a 157 bp DNA fragment containing the 

polymorphism. M: 50 bp DNA ladder (#SM0373, Fermentas, Vilnius, L

amplification product was notice since it was a negative control.
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174G/C IL6 polymorphisms) agarose gel stained with ethidium bromide. The band pattern 

presented for each genotype of the assessed polymorphisms are described in table 1 and can 

be observed in Figures 5 to 7. Genotype analysis was independently performed by two 

researchers to assure their correct characterization. Cases with uncertain or nonconcordant 

results between observers were rejected from the analysis. For quality control a second PC

RFLP analysis was randomly repeated for each polymorphism in ten per cent of all cases. 

There was no discrepancy between the two results.
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polymorphisms) agarose gel stained with ethidium bromide. The band pattern 

presented for each genotype of the assessed polymorphisms are described in table 1 and can 

d in Figures 5 to 7. Genotype analysis was independently performed by two 

researchers to assure their correct characterization. Cases with uncertain or nonconcordant 

results between observers were rejected from the analysis. For quality control a second PC

RFLP analysis was randomly repeated for each polymorphism in ten per cent of all cases. 

There was no discrepancy between the two results. 

RFLP analysis of -1195G/A COX2 polymorphism in a 2% agarose gel. M: 50 bp DNA ladder 

ntas, Vilnius, Lithuania); Homozygous -1195AA genotype: 273bp; Heterozygous 

genotype: 273+220+53 bp; Homozygous -1195AA genotype: 220+53 bp. 

RFLP analysis of -765G > C COX2 polymorphism in a 3% agarose gel. M: 50 bp DNA ladder 

373, Fermentas, Vilnius, Lithuania); Homozygous -765CC genotype: 157 bp; Heterozygous 

genotype: 157+134+23 bp; Homozygous -765GG genotype: 134+23 bp. The 23 bp fragment, resulting from the 

1236I restriction cannot be distinguished from the primer-dimmer band in the agarose gel.

RFLP analysis of -174G/C IL6 polymorphism in a 3% agarose gel. M: 50 bp DNA ladder 

(#SM0373, Fermentas, Vilnius, Lithuania); Homozygous -174GG genotype: 164 bp; Heterozygous 

Homozygous -174CC genotype: 111+53 bp. 
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d in Figures 5 to 7. Genotype analysis was independently performed by two 

researchers to assure their correct characterization. Cases with uncertain or nonconcordant 

results between observers were rejected from the analysis. For quality control a second PCR-

RFLP analysis was randomly repeated for each polymorphism in ten per cent of all cases. 
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Oral Mucositis Assessment 

The review of patient health record allowed the identification of the occurrence and evolution 

of oral mucositis in the course of chemotherapy, through the establishment of the severity of 

oral mucositis using a mucositis scoring system - the WHO Oral Toxicity Scale, because it 

was the only one used by health care providers at IPOCFG-EPE.  

Age 

Patients’ age was obtained by the date of birth registered in the patient health record. 

Gender 

The identification of the gender of subjects was realized by consulting the patient health 

record. 

Diabetes 

Relatively to the identification of diabetes in the study sample, it was possible by consulting 

the medical record or the biochemical analysis (glucose) realized before each cycle of 

chemotherapy.  

Type of Tumor 

The classification of the type of tumor/diagnosis was obtained by consulting the 

histopathological report.  

Chemotherapy 

Concerning to chemotherapy, especially to the regimen administered (De Gramont, Mayo, 

Roswell Park, Folfiri or Folfox), initial and whole doses of specific cytotoxic drugs (5Fu, 

Irinotecan (CPT11) and Oxaliplatin), data were obtained by consulting every schedule of 

chemotherapeutic treatment until its terminus. 

Hematological Data 

Habitually, patients undergo to laboratory analyses prior to each cycle of chemotherapy. 

Common blood tests hematology permitted to obtain information about leukocytes, 

erythrocytes and platelets count.  

 

 



IV. DESIGN OF STUDY AND SELECTION OF PARTICIPANTS 
 

77 
 

Body Mass Index 

Body mass index is defined as the individual's body weight divided by the square of their 

height. The formulas universally used in medicine produce a unit of measure of kg/m2. In this 

study, the body mass index was calculated using the current information (weight and height) 

of the patient health report.   

Prosthesis 

Concerning to the use of dental prosthesis, this information was achieved in the nursing notes, 

especially in the subjective and objective data collected from each patient and organized into 

a systematic pattern.      

Smoking and alcohol consumption 

Data related to alcohol consumption (its beginning, duration and persistence and the amount 

and sort of drink) and to smoking (age of beginning, duration and persistence of consumption, 

and the amount of cigarettes/day) were achieved by reviewing the medical history of subjects 

or the nursing data systematic model.   

 

D. STATISTICAL ANALYSIS 

Data support and analysis was performed using Statistical Package for Social Sciences (SPSS 

14.0). Genotype frequency differences between cases and controls were evaluated using 

standard contingency Chi-square (X2) test or Fisher’s exact test when necessary. Chi-square 

test was used in additional categorical variables comparison, such as clinical co-variables. It 

was used conditional logistic regression to assess the association between genes 

polymorphisms and oral mucositis risk. Odds ratios (OR) with a 95% confidence interval and 

P- values were estimated under a co dominant model (homozygote and heterozygote 

genotypes that carry the variant allele versus homozygote wild type, the designated reference 

group). The obtained p value was considered statistically significant under 0.05. In a second 

moment, associations were adjusted for earlier oral mucositis.   
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Characterization of participants: clinical, disease, treatment and their values     

Oral mucositis was detected in 24% of the study sample. In relation to severity, it was 

noticeable that patients developed more frequently oral mucositis graded 1 (55%). Only 5% of 

cases experienced the most severe grade (score 4). Grade 2 and 3 were evident in 14% and 

23% of participants, respectively.  

No difference are observed both in gender distribution or mean age of individuals participants 

with oral mucositis and those without oral mucositis (p=0,179 and p=0,843, respectively) (see 

table 5).             

No significant statistical differences in overweight, diabetes mellitus, dental prosthesis, 

smoking, alcohol consumption and hematological data changes were found between groups 

(cases and controls) regarding to oral mucositis. 

Oral mucositis was identified more regularly in patients with a BMI greater than 25 

(overweight) (62%) in comparison to individuals with a BMI equal/ lesser than 25 (39%), 

however this is not considerable (p=0,604). 

Diabetes mellitus was diagnosed in 18% of the studied sample. Only 23% of cases were 

diabetic, whereas 16% of controls were diabetic as well; but this occurrence is not significant 

(p=0,390). 

Oral mucositis occurred more frequently in patients without dental prosthesis (69%) when 

contrasted with individuals with prosthesis (p=0,518). None patients with oral mucositis had 

smoke practices. Alcohol consumption was noticeable in 31 % of studied sample; however, 

oral mucositis was detected only in 19% of patients with this practice. The majority (81%) of 

cases of oral mucositis occurred in individuals with no alcoholic habits, but this is not 

considerable (p=0,150).   

Oral mucositis occurred more regularly in patients with hematological data changes (73%), in 

comparison to individuals with no evidence of these alterations (27%). However, this 

phenomenon occurred with equivalent tendency in control patients. As a result, this is not 

significant (p=0,220). 
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Table 5  - Description of participants and comparison of those with and without mucositis 

 

Colorectal cancer includes cancerous growths in the colon, rectum and appendix. The studied 

sample comprises participants to who were diagnosed colon and rectum tumors with similar 

proportion (50%). Concerning to cases, it was not observed a statically difference between the 

location of the tumor - 54% colon and 46% rectum (p= 0,653). Colorectal cancer was stating, 

according to AJCC stage groupings, predominantly in stage III (39%), followed by stage IV 

(36%). No more than one participant had its tumor classified in stage I (0,9%). Regarding to 

histologic grade, 44% of tumors were no possible to be assessed (Gx). Well differentiated 

(G1) and moderately differentiated (G2) tumors were evident in 35% and 20% of sample 

studied, correspondingly.         

Colorectal cancer patients under study experienced predominantly adjuvant chemotherapy 

(52%), followed by palliative schemes (32%), and only 16% of them were submitted to 

neoadjuvant chemotherapy. Oral mucositis was detected more frequently in patients subjected 

to polychemotherapy regimens (62%), but it is not significant when compared with 

monotherapy schemes in which oral mucositis occurred in 39% of cases (p=0,625). 

Concerning to monotherapy schemes, only patients to who were administered De Gramont 

regimens experienced oral mucositis (p=0,089). Adjustments (reduction) of the dose of 

 Without OM With OM P 

 N=82 N=26  

Patients’ data     

Male gender  n(%) 56 (68) 14 (54) 0,179 

Age* mean (std deviation) 62 (12) 63 (8,6) 0,843 

BMI > 25 n (%) 55 (67) 16 (62) 0,604 

Diabetes mellitus   n (%) 13 (16) 6 (23) 0,390 

Previous oral mucositis  n (%) 0 (0) 9 (35) 0,001 

Use of dental Prosthesis  n (%) 20 (24) 8 (31) 0,518 

Current smoking  n (%) 7 (9) 0 (0) 0,192 

Current alcohol consumption  n (%) 28 (34) 5 (19) 0,150 

Disease    

Location to colon   n (%) 40 (49) 14 (54) 0,653 

Chemotherapeutic Treatment    

Monotherapy  n (%) 36 (44) 10 (39) 0,625 

Regimen  DeGramont  n (%) 26 (72) 10 (100) 0,089 
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chemotherapy were performed in 12% of study sample, and only in 23% of patients with oral 

mucositis. Therefore, it is not statically important (p=0,078). Similarly, in participants to who 

were required to interrupt/suspend/postpone chemotherapy treatments, it was not observed a 

statistically difference between cases and controls (p=0,750). 

A propos of previous oral mucositis, the statistical differences observed between cases and 

controls were considerable (p=0,001). Each patient that experienced oral mucositis previously 

was developed the same phenomenon for another time. As a result, earlier oral mucositis 

could be considered a predictive factor of oral mucositis. 

 

Role assessment for genetic polymorphisms  

Interleukin -1α 

Statistical analysis revealed no relationship between Il-1α polymorphisms and the risk of oral 

mucositis. The most common genotype for IL-1α was GG, both in cases (54%) and controls 

(52%). The homozygous genotypes were less frequent in cases (25% GG and 31% TT) than 

in controls (75% GG and 76% TT). This phenomenon is observed for the heterozygous 

genotype GT (20% in cases and 80% in controls), as well. 

Interleukin -1β 

Concerning to IL-1β polymorphisms, it was not observed statically difference among groups 

(cases and controls). The homozygous genotype GG was most common in the two analyzed 

groups (62% in cases and 55% in controls), being less frequent the GA genotype (39% in 

cases and 37% in controls) and AA genotype (0% in cases and 9% in controls). 

Interleukin -1RN 

In addition, it was investigated the relationship between +2018 C/T polymorphism in the IL-

1RN gene and the risk of oral mucositis. The distribution of genotypes and C allelotype in 

patients with oral mucositis was not significantly different from that in control group; for the 

reason that the TT genotype is the most common (50% in cases and 57% in controls), 

followed by TC genotype (42% in cases and 38% in controls) and at last the CC genotype 

(8% in cases and 5% in controls). There was not evident association between the risk of oral 

mucositis and IL-1RN genotypes studied. 
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Interleukin -6 

No statistically considerable differences were found between genotype frequencies in patients 

with oral mucositis and individuals without the disease, concerning to IL-6 -147 G/C 

polymorphism. The homozygous genotypes were most frequent in controls (78% GG and 

89% CC) than in cases (22% GG and 11% CC), as well as the GC genotype (72% in controls 

and 28% in cases).  

Tumor necrosis factor alpha 

A statistically significant association was found for patients with heterozygous genotype and 

A carriers of -308 G/A polymorphism in the TNF-α gene (p=0,048 and p=0,034, 

respectively). TNF-α GA genotype appears to confer protection against oral mucositis 

(OR=0,29; 95%CI:0,08-1,04). Similarly, A allele carriers have a lower risk for the disease 

(OR=0,27; 95%CI:0.07-0,96). This tendency seems to be maintained when adjusted for 

earlier oral mucositis. 

Cycloxygenase- 2 

Concerning to -765 G/C polymorphism in the COX-2 gene, no significant statistically 

differences were found between cases and controls. The distributions of genotypes 

frequencies were similar in both groups. The homozygous genotypes were less common in 

cases (20% GG and 18% CC) than in controls (80% GG and 82% CC). This trend is observed 

for GC genotype (38% in cases and 62% in controls) too. 

Statistically study revealed no association among -1195 G/A polymorphism in the COX-2 

gene and the risk of oral mucositis. The homozygous genotype AA is most frequent in the two 

groups (62% in cases and 66% in controls), being less common GA genotype (35% in cases 

and 32% in controls) and GG genotype (4% in cases and 2% in controls).  
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Table 6 – Genetic polymorphisms among patients with and without mucositis 

 

As described above, earlier oral mucositis can be considered a predictive factor of oral 

mucositis. Consequently, it was necessary to adjust entire results obtained earlier for previous 

oral mucositis, with propose of check adjustments in polymorphisms frequencies and their 

associated risk with oral mucositis - OR.  No differences were observed for IL-1A, IL-1B, IL-

1RN and IL-6 genes.     

  

  Without OM With OM    

Polymorphisms Genotypes Nº    (%) Nº    (%) OR 95%CI P 

IL-1α +4854G/T GG 43    (75) 14    (25) 1.00   

 GT 28    (80) 7     (20) 0,768 0,276-2,139 0,613 

 TT 11    (69) 5     (31) 1,396 0,413-4,715 0,748 

 T Carriers 39    (76) 12    (24) 0,945 0,390-2,289 0,900 

IL-1β +3954 G/A GG 45    (74) 16    (26) 1.00   

 GA 30    (75) 10    (25) 0,938 0,375-2,341 0,890 

 AA  7    (100) 0     (0) 0,738 0,635-0,857 0,186 

 A Carriers 37    (79) 10    (21) 0,760 0,308-1,873 0,551 

IL-1RN +2018 C/T TT 47    (78) 13    (22) 1.00   

 TC 31    (74) 11    (26) 1,283 0,510-3,226 0,596 

 CC 4     (67) 2     (33) 1,808 0,297-10,992 0,612 

 C Carriers 35    (73) 13    (27) 1,343 0,554-3,252 0,513 

IL-6 -174 G/C GG 38    (78) 11    (22) 1.00   

 GC 36    (72) 14    (28) 1,343 0,540-3,344 0,525 

 CC 8     (89) 1      (11) 0,432 0,049-3,837 0,668 

 C Carriers 44    (75) 15    (25) 1,178 0,483-2,870 0,719 

TNF-α -308 G/A GG 55    (70) 23    (30) 1.00   

 GA 25    (89) 3     (11) 0,287 0,079-1,045 0,048 

 AA 2   (100) 0       (0) 0,705 0,611-0,814 1 

 A Carriers 27    (90) 3    (10) 0,266 0,073-0,964 0,034 

COX2  -765 G/C GG 57    (80) 14    (20) 1.00   

 GC 16    (62) 10    (38) 2,545 0,952-6,800 0,058 

 CC 9     (82) 2     (18) 0,905 0,176-4,664 1 

 C Carriers 25    (68) 12    (32) 1,954 0,792-4,822 0,142 

COX2  -1195 G/A GG 2     (67) 1     (33) 1.00   

 GA 26    (74) 9     (26) 0,692 0,056-8,581 1 

 AA 54    (77) 16    (23) 0,593 0,050-6,967 0,554 

 A Carriers 80    (76) 25    (24) 0,625 0,054-7,186 0,556 
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When adjusted for earlier oral mucositis, A allele carriers of -308G>A TNF-α (GA and AA 

genotypes) have an increased risk for oral mucositis (2.3 95%CI: 0.61-8.67). Similarly, G 

allele carriers of -1195 G>A COX 2 (GG and GA genotypes) have an augmented risk for the 

disease (2.8 95%CI: 0.95-8.02). 

Table 7 – TNF-α and COX-2 polymorphisms, adjusted for earlier oral mucositis, among patients with and without mucositis   

 

 

  

   Without OM With OM    

 Polymorphisms Genotypes Nº    (%) Nº    (%) OR 95%CI P 

With E.M. TNF-α -308 G/A GG 0      (0) 9    (100) 1.00   

Without 

Earlier 

Mucositis 

   TNF-α -308 G/A GG 55    (80) 14    (20) 1.00   

 GA 25    (89) 3     (11) 2,121 0,559-8,049 0,379 

 AA 2   (100) 0       (0) 1,036 0,986-1,089 1 

 A Carriers 27    (90) 3    (10) 2,291 0,606-8,656 0,212 

With E.M. COX2  -1195 G/A AA 0      (0) 9   (100) 1.00   

Without 

Earlier 

Mucositis 

COX2  -1195 G/A GG 2     (67) 1     (33) 1.00   

 GA 26    (74) 9     (26) 1,444 0,117-17,904 1 

 AA 54    (88) 7     (12) 3,857 0,308-48,241 0,335 

 G Carriers 28    (74) 10    (26) 2,755 0,947-8,019 0,057 
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One in eight deaths worldwide is due to cancer. This is the second leading cause of death in 

economically developed countries, following heart diseases (ACS, 2007). Several forms of 

cancer can be treated successfully with chemotherapy. Nevertheless, these treatments have 

considerable dose-limiting toxicities. Although chemotherapy is target at neoplastic cells, 

progenitor cell population can be disrupted, resulting in dysfunction, as well. Consequently, 

the epithelium of the oral cavity is, in particular, unfavorably affected (Duncan et al, 2003). 

The biological basis for chemotherapy-related mucosal barrier damage (mucositis) continues 

to advance. A patient’s mucosal reply to cancer therapy appears to be controlled by both 

global and macroscopic factors, and there are molecular and cellular elements that could play 

precise mechanistic roles. Interactions of these elements, joined with basic genetic influences, 

most probably manage the risk, course and harshness of regimen-induced mucosal damage 

(Anthony et al, 2006). As a result, the capacity of predict which patients are at risk of 

mucositis may become probable (Sonis, 2004). Accordingly, the focus of this thesis was to 

accomplish a research with intend of identify which are the predictive factors of oral 

mucositis induced by chemotherapy in colorectal cancer patients. The study of biologic 

predictive factors was privileged, and consequently, the role of genetic polymorphisms in 

genes modulating the inflammatory response in the evolution of oral mucositis. By this way, 

in the future, pretreatment genetic polymorphism analysis should permit accurate risk 

prediction for patients who are about to undergo antineoplastic treatment.  

The clinical factors monitored included: gender, age, body mass index, diabetes mellitus, 

dental prosthesis, smoking, alcohol consumption, hematological data, chemotherapy treatment 

regimen and patient’s diagnosis. The study of genetic polymorphisms included some pro-

inflammatory cytokines (IL-1α, IL-1β, IL-1RN, IL-6, TNF-α) and, in an original way, the 

enzyme COX-2. 

Agreeing, the inflammatory reaction certainly plays a considerable role in the initiation and 

progression of antineoplastic therapy-induced oral mucositis. This inflammatory response 

probably is modulated by genetic polymorphism. However, other variables influencing an 

individual’s risk of developing oral mucositis were included for study. 

Oral mucositis was detected in 24% of the study sample. Several studies reported that only 

some degrees of mucositis occur in about 40% of patients who receive cancer chemotherapy
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(Sonis, 1998), however the occurrence of oropharyngeal mucositis can range from 30% to 

75% (Wilder-Smith et al, 2007), depending on the chemotherapeutic regimen (Napeñas et al, 

2007). 

The incidence of oral mucositis in this study sample probably was under reported because; 

agreeing with Sonis (2004), for estimates of incidence no more than severe mucositis are 

accounted for the reason that grades 1 and 2 mucositis are not reported evenly. Some authors 

reported that severe (grade 3-4) oral mucositis approaches 10-15% among 5-FU recipients. In 

this study, it was established that 23% and 4,5% of cases experienced the most severe grades 

(scores 3 and 4, respectively).  

Concerning to clinical factors, no significant statistical differences are observed both in 

gender, mean age of participants, overweight, diabetes mellitus, dental prosthesis, smoking, 

alcohol consumption, regimen of cytotoxic drugs, patient’s diagnosis and hematological data 

changes between groups (cases and controls). Only earlier oral mucositis was reported in a 

higher proportion of cases. 

Patient gender and age are suspected to play a role in susceptibility of developing oral 

mucositis and these roles continue to be evaluated in clinical studies. In a study about 

fluorouracil-based chemotherapy for colorectal cancer conducted by Sloan and colleagues 

(2002), incidence rates of stomatitis (OM) were higher among women compared with men. In 

a meta-analysis of six North Central Cancer Treatment Group (NCCTG) trials involving 

patients receiving their first ever 5-Fu-based chemotherapy, Sloan and colleagues (2000) 

related that women’s mucositis scores and incidence rates seem to be every time higher than 

those reported by men. The explanation for this discrepancy is unclear at this point, but an 

amount of hypothesis can be considered. Given the evidence of a sex-dependent toxicity 

variation, it is rational to look for clarification for potential mechanisms. Concerning to 

hematologic toxicities and mucositis; a study for gender differences in specific aspects of 5-

Fu toxicity that persist across an assortment of treatment regimens for colorectal carcinoma, 

conducted by Chansky and partners (2005), provides a significant confirmation of the 

reported NCCTG analyses. However, in this research, no difference was found in gender 

distribution among groups and the supposed role of gender in propensity of developing oral 

mucositis was not been confirmed. 

There are contradictory data concerning to the effects of age and the development of 

chemotherapy-related mucositis. Some authors reported that younger patients develop 

mucositis more regularly than older patients receiving equivalent type of treatment for similar 
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malignancies. So, they have an increase risk of mucositis associated with chemotherapy. 

Nevertheless, other authors support that aging may result in older patients at higher risk of 

oral mucositis related to chemotherapy. A clinical trial (phase III) conducted by Stein and 

partners (1995) revealed that advanced age is an independent risk factor for severe toxicity 

from 5-FU-based chemotherapy for advanced colorectal cancer. In addition, a positive 

association between age and severe mucositis was reported by Vokes and colleagues (1993), 

cited by Stein et al. (1995). Sloan and colleagues (2000) reported that the incidence of 

severe/very severe oral mucositis is higher for patients age 65 or older than for those under 

age 65. Results achieved from this study not corroborate an association among age and the 

susceptibility of developing oral mucositis, because it was not observed a significant 

statistically difference between groups.  

In a study of the influence of Body Mass Index on disease recurrence, overall survival and 

treatment-induced toxicity in patients with colon carcinoma performed by Meyerhardt and 

colleagues (2003), obese patients did not experience a higher rate of chemotherapy-related 

toxicity compared with patients with normal weigh. In a similar research, but in patients with 

rectal cancer, the same authors reported that obese patents did not experience an upper rate of 

toxicity (including stomatitis) associated with chemotherapy. Concerning to oral mucositis, 

this evidence was confirmed by this research, because the differences found between case and 

control groups were not considerable.      

In a clinical trial of adjuvant chemotherapy to determine the influence of diabetes mellitus on 

long-term outcomes and treatment-related toxicity among patients with curatively resected 

colon cancer, conducted by Meyerhardt and partners (2003), there were no considerable 

differences in rates of severe nausea, vomiting, stomatitis, leukopenia, fever, and infection 

between patients with or without diabetes. Conversely, Sonis and colleagues (2004), cited by 

Anthony et al. (2006), reported that patients with diabetes mellitus are expected to have a 

tissue environment which is more likely to respond unfavourably and, consequently, the 

vulnerability to mucosal damage may probably be enhanced. The results found in this 

research are similar to those related by Meyerhardt and partners (2003) in which there was no 

significant difference in rates concerning to oral mucositis. So, the plausible association 

between oral mucositis and diabetes mellitus was rejected.  

Several investigators feel oral care with cancer therapy is beneficial, but the effect on 

mucositis is yet to be proven (Redding, 2005). Oral care includes heed with dental prosthesis, 

as well. In this study there was not found statistically differences among cases and controls 

relating to the use of dental prosthesis and the susceptibility of developing oral mucositis. 
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This evidence refuses the theory supported by Köstler and partners (2001), in which the use of 

ill-fitting prostheses, orthodontic appliances, defective restorations, and other sources of 

mucosal and gingival irritation, increased the risk of developing oral mucositis in the course 

of antineoplastic therapy. 

In this research none patients with oral mucositis had smoke practices. As a result, none 

relationship was been established among oral mucositis and smoking. This evidence was 

confirmed by a meta-analysis of six North Central Cancer Treatment Group trials involving 

patients receiving their first ever 5-Fu-based chemotherapy, performed by Sloan and partners 

(2000), which showed generally, smokers did not have a different incidence of stomatitis 

compared with nonsmokers. The incidence of severe/very severe stomatitis was also similar. 

In a previous study about the risk factors associated with mucositis in cancer patients 

receiving 5-fluorouracil, McCarthy and partners (1998) investigated the relationship among 

mucositis and alcohol consumption, among others, but it was not observed. Similarly, in this 

study, none association was been established between this supposed risk factor and oral 

mucositis, because the differences found among groups were not significant. 

Currently, the most common chemotherapeutic regimens used to treat colorectal carcinoma 

include 5-fluorouracil that can be administered only (monotherapy) or in combination with 

other cytotoxic drugs (polychemotherapy).  Mucositis is usually related to 5-Fu in clinical 

trials. In this research, oral mucositis was noticed more regularly in patients subjected to 

polychemotherapy regimens; however, it was not statistically considerable when compared 

with the incidence of oral mucositis in monotherapy schemes. Some schedules of fluorouracil 

comprise DeGramont (low-dose infusion), Mayo Clinic and Roswell Park regimens. Agreeing 

to Wolpin and colleagues (2007), although their activity rates are similar, their side effect 

profiles are different. The Mayo regimen is related to more oral mucositis. Nevertheless, in 

this study, none patient subjected to Mayo regimen developed oral mucositis. In addition and 

concerning to monotherapy schemes, only patients to who were administered DeGramont 

regimens experienced this side effect. These results refuse the evidences described above. 

Overall, it was not observed considerable differences among polychemotherapy schemes 

(Folfiri and Folfox) in relation to the development of oral mucositis; but, it was observed 

more frequently in Folfox regimen. Comparing both polychemotherapy regimens, Folfiri is 

described as comprising more gastrointestinal side effects, including mucositis; however it 

was not noticeable in this research.  
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In this research, the studied sample comprises participants to who were diagnosed colon and 

rectum tumors with similar proportion, and this evidence is similarly noticeable in patients 

with oral mucositis. Sonis and partners (2004) support that there is a relation among cancer 

diagnosis and risk of grade 3-4 oral mucositis; and that severe oral mucositis occurs in about 

six percent of patients with colorectal cancer, and in patients with rectal cancer it is over eight 

percent. In this study, although severe oral mucositis was found more frequently in patients 

with rectal cancer, these differences were not considerable. 

A meta-analysis of six North Central Cancer Treatment Group trials involving patients 

receiving their first ever 5-Fu-based chemotherapy, conducted by Sloan and colleagues 

(2000), showed that approximately 70% of patients from both sexes reporting stomatitis had 

leucopenia, as well; but this evidence needs further studies. Berger & Eilers (1998), cited by 

Jaroneski (2006), adds that laboratory values, including platelet count, increase the likelihood 

of developing oral mucositis. However, this research not corroborates these results and, 

consequently, refuses the possibility of a correlation between the incidence of leucopenia or 

other hematologic data changes, and oral mucositis.    

In a previous study performed by Köstler and partners (2001), it was related that the risk of 

developing oral mucositis increases with previous episodes of chemotherapy-induced 

mucositis. This event was confirmed by this research, because patients that experienced oral 

mucositis previously had developed the same phenomenon for another time. Consequently, 

previous oral mucositis might be considered a predictive factor for oral mucositis. 

This research rejected the hypothesis of a patient’s gender and age roles in susceptibility of 

developing oral mucositis. Similarly, the influence of body mass index was not considerable. 

The hypothesis, in which diabetes mellitus was a predictive factor for oral mucositis, was also 

discarded. Moreover, the theory supported by some authors, in which the use of dental 

prosthesis increased the risk of mucosal damage during antineoplastic therapy, was 

devaluated in this study. The speculation about the influence of alcohol consumption in the 

evolution of oral mucositis was also refused.  In addition, results from this research rejected 

the theory than some chemotherapeutic regimens were more stomatotoxic than others. The 

possibility of a correlation between hematologic data changes and oral mucositis was refused, 

as well. On contrary, results from this study confirmed the conjecture that smokers did not 

have a different incidence of oral mucositis compared with non-smokers. Finally, previous 

oral mucositis has been established in this study, as a predictive factor for oral mucositis.       
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Potential limitations of this research include a small sample, namely a little number of cases. 

It is a limitation because a study sample is the subset of the target population available for 

study and must be representative. So, it was necessary to recruit enough individuals to assure 

the needs of this research. The validity of generalizing the results to other populations is based 

on the general knowledge that relationships tend to be similar in demographically similar 

populations, and the findings of other studies (Hulley et al, 2001). Maybe some associations 

with the selected SNPs and oral mucositis were no observed in this investigation and, 

consequently, cannot be excluded. In addition, this study is retrospective. So, both groups 

(case and control) were identified and it was necessary to look backward in time to find 

differences in biologic predictor variables. As a result, these groups were compared in relation 

to the presence or absence of a predictive factor supposed to be the origin of oral mucositis. 

Because it is an academic investigation and there was a stated period for its concretion, a 

retrospective study was the easier way to obtain some power for a sample. However, a 

prospective design would be the best way to understand probable associations between 

biologic predictive factors and the injury of the oral mucosa due to chemotherapy.  

Until now, none acknowledged research has been done about the correlation between oral 

mucositis and genetic polymorphisms, which makes this a pioneer study.     

Most SNPs have no known effect on gene function, but a proportion of them may alter the 

expression and/or biological activity of encoded proteins, contributing to variation in disease 

susceptibility and treatment toxicity (Rannala, 2001). In this research, A allele carriers of -

308G>A TNF-α (GA and AA genotypes) have an increased risk for oral mucositis (2.3 

95%CI: 0.61-8.67), when adjusted for earlier oral mucositis. Similarly, G allele carriers of 

1195 G>A COX 2 (GG and GA genotypes) have an augmented risk for the disease (2.8 

95%CI: 0.95-8.02), when adjusted for earlier oral mucositis. For the remaining 

polymorphisms assessed no trend was noticed. 

The polymorphisms in cytokines genes have allowed for the understanding of the genetic 

determinants of diseases. The IL-1A and IL-1B genes encode agonist proteins, the 

proinflammatory cytokines IL-1α and IL-1β, with well-known roles in inflammation and 

innate immunity (Whyte et al, 2000). Sonis (2007), established a model of injury of the oral 

mucosa in which a group of pro-inflammatory cytokines, including TNF-α, IL-1β and IL-6, 

have a significant role. However, it was not found any study about functional polymorphisms 

and the risk of oral mucositis. In a study about the association of interleukin-1 receptor 

antagonist gene polymorphisms with early onset periodontitis (EOP), Tai and partners (2002), 



VI. DISCUSSION 
 

92 
 

established that there was no significant difference in the IL-α (+ 4845) and IL-1β (+ 3954) 

genotypes and allele frequencies between generalized EOP patients and healthy controls, but 

IL-1RN (VNTR) polymorphisms are associated with this disease in Japanese. Similarly, in an 

explorative study about the association between IL-1 genotypes (IL-1α G(+4845)-T and IL-1β 

C(+3954)-T) and aggressive periodontitis in two populations, Gonzales and colleagues (2003) 

revealed that the frequency of allele 1 of the IL-1A gene was higher in patients of both 

populations (North European and Central American patients) compared with controls, 

however, no statistical significant differences were found between patients and controls. In 

this research, and concerning to studied IL-1α and IL-1β polymorphisms, no significant 

differences were observed between groups and statistical analysis revealed no association 

between them and the risk of oral mucositis. Despite oral mucositis and periodontitis are 

dissimilar pathologies, the inflammatory response is present in both and the previous studied 

polymorphisms are not related with their risk.  

The third known gene of proinflammatory cytokines (IL-1RN) produces a related protein, the 

IL-1 receptor antagonist, which binds the IL-1 signaling receptor but does not elicit a 

response. The IL1RN +2018T>C polymorphism in exon 2 of the gene is in complete linkage 

disequilibrium with a penta-allelic 86 bp variable number of tandem repeat polymorphism in 

intron 2 of the gene which is strongly linked to increased production of IL1RA and IL1β in 

vitro. The penta-allelic polymorphism has been studied in several cancers and the +2018 SNP 

itself has been linked with Barrett's oesophagus and oesophageal cancer (Balasubramanian et 

al, 2006; Read et al, 2003). A single base variance occurs at position + 2018 in IL-1RN, being 

implicated in inflammatory diseases (Whyte et al, 2000). In a study performed by Parkhill and 

partners (2000), about the association of interleukin-1 gene polymorphisms with early-onset 

periodontitis, there was no evidence for an association of an IL-1RA genotype with this 

disease. Conversely, Tai and colleagues (2002), as described previously, established that IL-

1RN (VNTR) polymorphisms are associated with early-onset periodontitis in Japanese. There 

are no prior reports of the of the IL1RN +2018 polymorphism in oral mucositis. In this 

research, no association was noticeable between the risk of oral mucositis and IL-1RN 

genotypes studied. 

Agreeing with Sonis (2007), increases in pro-inflammatory cytokines, including IL-6, are also 

associated with the development of mucositis and probably play significant roles in mediating 

damage and in signaling pathways.  Polymorphisms in the promoter region of the IL-6 gene 

may result in inter-individual variation in transcription and expression (Terry et al, 2000). A 

common G/C polymorphism at position -174 of the IL-6 gene promoter is thought to affect 
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the expression level of this gene, thus predisposing to a variety of diseases (Slattery et al, 

2007). No previous study was found about functional polymorphisms of IL-6 associated to the 

risk of oral mucositis. IL-6 has been shown to stimulate secretion of C-reactive protein, an 

important biomarker for pro-inflammatory status in several diseases. It has been reported that 

the -174G>C polymorphism influences transcription, with the GG genotype having higher 

levels of IL-6 (Slattery et al, 2007; Terry et al, 2000). In this research, no significant 

discrepancies were found between genotype frequencies in patients with oral mucositis and 

individuals without the disease. Consequently, the hypothesis of an association among -

174G/C functional polymorphism of IL-6 and the risk of injury of the oral mucosa was 

rejected. 

A polymorphism that directly affects TNF expression in vitro was located at nucleotide 

position 308. This genetic variation results in two allelic forms, in which the presence of 

guanine (G) defines the common variant TNF1 and the presence of adenine (A) defines the 

less common variant TNF2. In patients with infectious and autoimmune disorders, different 

studies reported a higher frequency of the TNF2 allele in cases with severe disease, 

suggesting that genetic variations within the TNF locus may be functionally relevant in vivo 

(Warzocha et al, 1998). A G→A substitution at position -308 in the promoter region of TNF-

α gene (designated the TNF2 allele) is associated with 6-7 fold augmented transcriptional 

activity (Wilson et al, 1997 cited by Vatay et al, 2003; Baran et al, 2006) and is associated 

with higher constitutive and inducible levels of TNF-α (Baran et al, 2006). There are no 

preliminary reports about functional polymorphisms of TNF-α at position -308, related to the 

risk of oral mucositis. However, in a study performed by Guimarães and partners (2007) 

about functional polymorphisms in individual with recurrent aphthous stomatitis (RAS), it 

was established that TNF-alpha heterozygous genotypes were associated with an increased 

risk of RAS development. Conversely, in a study developed by Galbraith and colleagues 

(1999) a propos of polymorphic cytokine genotypes as markers of disease severity in adult 

periodontitis, it was observed that in spite of frequency of TNF-α allele 1 was significantly 

greater in patients with advanced disease, no significant association was observed among 

genotype and cytokine production in these patient populations. Similarly, in a study 

performed by Shapira and partners (2001), it was not established any link between early-onset 

periodontitis (EOP) and genetic polymorphism in the −308 position of the TNF-α promoter. 

Although oral mucositis, RAS, periodontitis and EOP are different diseases, there is an 

inflammation of the oral mucosa and the research found about the association of -308 

functional polymorphism of TNF-α with the increased risk of their development is 
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controversial. In this research, TNF-α heterozygous genotypes and A allele carriers at -308 

position of the TNF-α promoter seems to confer protection or constitute a lower risk for oral 

mucositis development. These results are incongruous when compared with those described 

above, in which TNF-alpha heterozygous genotypes were associated with an increased risk of 

infectious disorders. However, in a study concerning to polymorphism of TNF-alpha in 

autoimmunity and tuberculosis, Correa and colleagues (2004) established that TNF2 is a 

common susceptibility allele for autoimmune rheumatic diseases and a protective one for 

tuberculosis. So, TNF2 allele could increase the risk or adopt a protective role in infectious 

pathologies, as observed in oral mucositis. When adjusted for earlier oral mucositis no 

significant association is noticeable between oral mucositis and -308G/A functional 

polymorphisms. Nonetheless, heterozygous genotypes (GA and AA - A allele carriers) reveal 

a trend to increase the risk of oral mucositis. 

Naturally occurring SNPs in the COX-2 promoter may therefore have great impact on gene 

transcriptional activity by altering the binding capability with certain nuclear proteins. 

Polymorphisms in the regulatory region of the COX-2 gene may influence function and/or 

expression and contribute to interindividual variability in susceptibility to cancer (Zhang et al, 

2005) and inflammation (Szczeklik et al, 2004). In this study, two variants (-1195G/A and -

765G/C in the promoter) of Cox-2 were examined for correlation with oral mucositis risk. 

The -765G>C polymorphisms (SNP), in the COX-2 promoter region, appears to disrupt a 

Sp1-binding site considered to be a positive activator of COX-2 transcription, acting through 

G-rich elements (Szczeklik et al, 2004), and thus displays a lower promoter activity (Zhang et 

al, 2005). None prior report was found concerning to the association of oral mucositis with -

765G/C polymorphism of COX-2. Ho and partners (2008) performed a study relating to the 

association of the COX-2(-765G/C) polymorphism and susceptibility to periodontitis, in 

which it was established that this polymorphism is associated with a decreased risk for 

periodontitis in Taiwanese, especially in aggressive periodontitis. In this research, no 

significant differences were found among groups and consequently, no association was 

established concerning to the injury of the oral mucosa and the polymorphism described 

above. 

The -1195G/A polymorphism creates a c-MYB binding site, which results in higher 

transcriptional activity of the COX-2 gene (Zhang et al, 2005). No association was noticed in 

this research among -1195G/A polymorphism of the COX-2 gene and the risk of oral 

mucositis.   
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The strengths of this research include a case-control study used in investigation to identify 

risk factors for diseases, especially to identify risk factors for a rare disease such as oral 

mucositis in colorectal cancer patients. The power of the association between each predictor 

variable and the presence or absence of the disease is estimates in the form of the odds ratio. 

Additionally, this investigation comprises clinical and genetic (polymorphisms) factors with 

predictive value for oral mucositis, and the interaction between them enriches the study. A 

further strength of this study is the high quality of genotyping. Each analyze included 

negative controls (PCRs mix without DNA) with intend of guaranty that none contamination 

occurred during PCR and RT-PCR techniques. The analyses of 10% of cases were randomly 

repeated for each polymorphism, and every ensuing results of RFLPs technique were 

interpreted independently by two persons in order to assure their correct characterization.  
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Oral mucositis is a frequent troublesome side effect and a dose limiting toxicity of 

cytoreductive cancer chemotherapy. Its incidence and impact have been valued recently in 

patients with solid tumors. 

Advances in research achieved over the past decade permitted a better understanding of the 

multifactorial nature of oral mucositis, related to patient or his surrounding environment.  

With propose of establish the role of genetic polymorphisms in genes modulating the 

inflammatory response in the evolution of oral mucositis; a case-control study was performed, 

from a consecutive series of colorectal cancer patients undergone to chemotherapy. 

No differences were noticed both in gender, mean age of participants, body mass index, 

diabetes mellitus, dental prosthesis, smoking, alcohol consumption and hematological data 

alterations between Cases and Controls. Only earlier oral mucositis could be considered a 

predictive factor for oral mucositis.  

When adjusted for previous oral mucositis, A allele carriers of -308G/A TNF-α (GA and AA 

genotypes) have an increased risk for oral mucositis. For the remaining polymorphisms (IL-

1α, IL-1β, IL-1RN, IL-6 and COX-2), no trend was observed.  

Further studies with larger samples should be conducted in way to contribute to the 

enhancement of an early prophylaxis and diagnosis of oral mucositis, decreasing its incidence 

and harshness.  

Future research should include a prospective design that probably explains in better way 

associations between oral mucositis and genetic polymorphisms. In addition, investigation 

should be intended for other cancer populations, than colorectal cancer patients, and must 

include further chemotherapeutic regimens and genetic polymorphisms in genes transforming 

the inflammatory reaction in the development of oral mucositis.              
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      ADDENDA 

                        



 

 
 

  

   Addenda - 1 

                        
Voluntary and informed consent 



 

 
 

 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 

Caro(a) Participante, 

No âmbito dos estudos de Mestrado em Oncologia, do Instituto de Ciências Biomédicas de Abel 

Salazar – Universidade do Porto, Instituto Português de Oncologia – Porto e do Jefferson Medical 

College – Thomas Jefferson University – USA, encontro-me a desenvolver um estudo acerca dos 

factores preditivos biológicos associados à mucosite oral no doente com cancro colorrectal 

submetido a quimioterapia. Tendo em conta o carácter multifactorial da mucosite oral (inflamação 

da mucosa), neste estudo, pretende-se identificar alguns dos factores, nomeadamente os de natureza 

biológica (genéticos), que mais contribuem para o seu desenvolvimento, nos doentes com doença 

oncológica colorrectal e que realizaram tratamentos de quimioterapia. 

Sabe-se que a mucosite oral representa a maior complicação (de natureza não hematológica) 

relacionada com a quimioterapia e que se associa, frequentemente, a uma morbilidade significativa 

com impacto negativo na qualidade de vida. O desenvolvimento deste estudo poderá contribuir para 

uma melhoria da prevenção e diagnóstico atempado deste efeito secundário da quimioterapia, 

reduzindo, consequentemente, a sua frequência e gravidade. 

Neste sentido, solicita-se que aceite participar neste estudo, bem como a sua permissão para ter acesso 

e utilizar a informação e os dados necessários, recolhidos no seu processo clínico e relacionados com o 

período em que esteve submetido a tratamentos de quimioterapia, para além de uma colheita de sangue 

para estudo genético. 

Será garantido o sigilo de todas as informações e dados recolhidos, bem como terá o direito e o tempo 

suficiente para autorizar ou não o estudo, ou retirar-se do mesmo a qualquer momento, sem que isto 

lhe traga qualquer prejuízo. 

Os resultados serão unicamente utilizados na elaboração e divulgação científica, respeitando o carácter 

confidencial da sua identidade. Comprometo-me a não usar ou divulgar o seu nome ou qualquer outra 

informação que o identifique. 

A sua participação no estudo poderá não melhorar forçosamente a sua situação pessoal, porém, poderá 

ajudar a proteger milhares de outros indivíduos com uma posição semelhante à sua. 

Se tiver duvidas a esclarecer, para informação adicional ou em caso de desistência do estudo estarei à 

sua disposição no seguinte contacto: 

Andreia Catarina Dias Rodrigues; Serviço de Oncologia Médica – Internamento, do Instituto 

Português de Oncologia Francisco Gentil em Coimbra; telefone: 239 400 200. 

            

                                                              Ao seu dispor, 

  (Andreia Catarina Dias Rodrigues) 



 

 
 

Eu, ____________________________________________________________ com o n.º de 

BI ___________________, tendo recebido as informações acima, e inteirado(a) dos meus 

direitos, autorizo a Enfermeira Andreia Catarina Dias Rodrigues a aplicar o estudo acerca dos 

“Factores Preditivos biológicos associados à mucosite oral no doente com cancro colorrectal 

submetido a quimioterapia” e concordo em participar no mesmo, declarando que permito a 

utilização dos dados e informações recolhidas no processo clínico e resultantes do estudo 

genético, bem como a colheita prévia de sangue necessária para o efeito, garantindo o meu 

anonimato. 

 

 

 

  

 Coimbra, ___ de __________ de 2008 

Assinatura do participante 

 Coimbra, ___ de __________ de 2007 

Assinatura do investigador 

 Coimbra, ___ de __________ de 2007 

Assinatura da pessoa que obteve o termo de consentimento 



 

 
 

   Addenda - 2 

                        Document for data collect 



 

 
 

COLHEITA DE DADOS 

Dados de Identificação 

Género:    M       F   

Data de Nascimento:  ___/___/___   (dia/mês/ano)           Idade: _____ anos 

Localidade / Distrito da Residência: ______________ 

Profissão / Habilitações literárias: ________________ 

Data de Admissão (IPO): ___/___/___ 

Modalidade Terapêutica: Quimioterapia   Quimioterapia e Radioterapia  Outro  ______ 

 

Mucosite Oral 

Sim        Não  

Data de aparecimento da mucosite: ___/___/___  Data de resolução da mucosite: ___/___/___ 

Gravidade da mucosite: ____________ (OMS   ou NCI  ou outro  _____) 

Tratamento profilático: Não   Sim  Qual? __________   

Tratamento curativo: Não   Sim  Qual? __________   

 

Avaliação estato-ponderal    

 Peso _____ Kg                                                               IMC (peso/altura2): _____ 

 Altura ______ metros 

 

Quimioterapia 

Data de Início: ___/___/___                 Data de terminus: ___/___/___ 

Redução da dose inicial:  Não   Sim   ____ % em ___/___/___ 

Suspendeu / Interrompeu / adiou tratamento de Qt: Não   Sim   em ___/___/___ 

Motivo: _________________ 

Protocolo Citotóxico:  Monoterapia       De Gramont   Mayo   Roswell Park  

                                    Poliquimioterapia        Folfiri    Folfox   

Citostático(s):  5FU   CPT11   Oxaliplatina              Dose Inicial ______ mg  

                                                                                            Dose Total ______ mg 



 

 
 

Tumor 

Localização:   Cólon   Recto   

Estadio (TNM-AJCC):   I    II (A/B)    III (A/B/C)    IV  

             (Histológico): Gx    G1    G2    G3    G4  

 

Antecedentes Pessoais 

Diabetes:     Nao        Sim                                           Tipo 1   

                                                                                           Tipo 2   

Prótese Dentária:         Nao        Sim  

Hábitos Alcoólicos:     Nao        Sim          

Hábitos Tabágicos:      Nao        Sim           

Observações (consumo/quantidade/data de início/duração e persistência do consumo/abstinência): 

__________________________________________________________________________________

__________________________________________________________________________________

____________________________________________________________________________ 

 

 

Valores Hematológicos 

Neutropenia:            Nao           Sim   __________ em ___/___/___ ; ___/___/___ 

Anemia:                   Nao           Sim   __________ em ___/___/___ ; ___/___/___ 

Trombocitopenia:    Nao           Sim   __________ em ___/___/___ ; ___/___/___ 

 

 

Polimorfismos Genéticos 

Nao        Sim   Qual _______________________________ 

Observações: 

__________________________________________________________________________________

__________________________________________________________________________________

_____________________________________________________________________________ 

 



 

 
 

  

   Addenda - 3 

                              Spin Protocol 



 

 
 

DNA Purification from Blood Protocol (Spin Protocol) 

 

� 20 µL of Proteinase K was pipeted into the bottom of a 1.5 mL microcentrifuge tube; 

� Next, 200 µL of blood sample was added to the microcentrifuge tube followed by 200 

µL of Buffer AL (lysis) and pulse-vortexing for 15 s; 

� The sample was incubated at 56ºC for 10 min; 

� Afterward, a brief centrifugation was conducted to remove drops from the inside of the 

lid; 

� Then, 200 µL of ethanol (96-100%) was added to the sample and another mixture by 

pulse-vortex was applied for 15 s. In order to remove drops from the inside of the lid, 

centrifugation was carried out once again. 

 

The next steps were performed with extremely care  

 

� The mixture was applied to the QIAamp Spin Column (in a 2 mL collection tube) 

without wetting the rim and centrifuged at 8000 rpm for 1 min. The QIAamp Spin Column 

was placed in a clean 2 mL collection tube and the tube containing the filtrate was discarded; 

� 500 µL of Buffer AW1 (wash) was added to the QIAamp Spin Column without 

wetting the rim and centrifuged at 8000 rpm for 1 min. The QIAamp Spin Column was placed 

in a clean 2 mL collection tube and the tube containing the filtrate was discarded; 

� Next, 500 µL of Buffer AW2 (wash) was added to the QIAamp Spin Column that was 

then submitted to a full speed centrifugation (13.2 rpm) for 3 min; 

� The final step consisted in adding 200 µL of Buffer AE (elution) to the QIAamp Spin 

Column placed in a clean 1.5mL microcentrifuge tube. The solution was incubated at room 

temperature for 1 min, previously to being centrifuged at 8000 rpm for 1 min.  The extracted 

DNA was then conserved at -20oC until the genotype analysis. 
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5-FU Fluorouracil 

ADN Ácido desoxirribonucleico 

BMI  Body Mass Index 

CI Confidence Interval 

COX-2 Cycloxygenase-2 

DNA Deoxyribonucleic acid 

FDA Food and Drug Administration 

GI Gastrointestinal 

HSCT Hematopoietic Stem Cell Transplantation 

IL-1α Interleukin-1alpha 

IL-1β Interleukin-1beta 

IL-1RN Interleukin-1receptor antagonist 

IL-6 Interleukin-6 

IPOCFG-EPE Instituto Português de Oncologia de Coimbra Francisco Gentil – 

Entidade Pública Empresarial 

MASCC/ISOO Multinational Association for Supportive Care in Cancer/International 

Society for Oral Oncology 

NCCTG North Central Cancer Treatment Group 

NCI-CTC National Cancer Institute-Common Toxicity Criteria 

OM Oral Mucositis 

OMS Organização Mundial de Saúde 

OR Odds Ratios 

PCR-RFLP Polymerase Chain Reaction – based Restriction Fragment Length 

Polymorphism 

ROS Reactive Oxygen Species 

RT-PCR Real Time  - Polymerase Chain Reaction 

SNP Single Nucleotide Polymorphism 

TNF-α Tumor Necrosis Factor alpha 

WHO World Health Organization 
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