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Abstract
Purpose The aims of this systematic review were to
determine, in patients receiving cancer therapy, the preva-
lence of clinical oral fungal infection and fungal coloniza-
tion, to determine the impact on quality of life and cost of
care, and to review current management strategies for oral
fungal infections.

Methods Thirty-nine articles that met the inclusion/exclusion
criteria were independently reviewed by two calibrated
reviewers, each using a standard form. Information was
extracted on a number of variables, including study design,
study population, sample size, interventions, blinding, out-
come measures, methods, results, and conclusions for each
article. Areas of discrepancy between the two reviews were
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resolved by consensus. Studies were weighted as to the quality
of the study design, and recommendations were based on the
relative strength of each paper. Statistical analyses were
performed to determine the weighted prevalence of clinical
oral fungal infection and fungal colonization.
Results For all cancer treatments, the weighted prevalence of
clinical oral fungal infection was found to be 7.5% pre-
treatment, 39.1% during treatment, and 32.6% after the end of
cancer therapy. Head and neck radiotherapy and chemotherapy
were each independently associated with a significantly
increased risk for oral fungal infection. For all cancer treat-
ments, the prevalence of oral colonization with fungal
organisms was 48.2% before treatment, 72.2% during treat-
ment, and 70.1% after treatment. The prophylactic use of
fluconazole during cancer therapy resulted in a prevalence of
clinical fungal infection of 1.9%. No information specific to oral
fungal infections was found on quality of life or cost of care.
Conclusions There is an increased risk of clinically
significant oral fungal infection during cancer therapy.
Systemic antifungals are effective in the prevention of
clinical oral fungal infection in patients receiving cancer
therapy. Currently available topical antifungal agents are
less efficacious, suggesting a need for better topical agents.
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Introduction

Certain fungal organisms, notably Candida albicans, are
commensal inhabitants of the oral cavity in a large proportion
of individuals. Under normal conditions, these fungal organ-
isms co-exist with the other microorganisms of the normal oral
flora and do not cause disease. However, changes in the oral
and/or systemic environment can result in an overgrowth of
these fungal species, leading to clinical oral fungal infection.
These changes include immunosuppression (induced by drugs
or disease), imbalance in the oral flora (e.g., secondary to
antibiotic therapy), hyposalivation (induced by drugs, disease
or radiation therapy), and local tissue damage (e.g., mucositis
secondary to chemotherapy and/or radiation therapy). Cancer
patients receiving chemotherapy and/or radiation therapy are
prone to all of the aforementioned predisposing factors and are
therefore considered to be at higher risk for oral fungal
infection than the general population [1, 2].

Oral candidiasis accounts for the vast majority of oral
fungal infections, and can have a number of clinical
presentations, including:

& Pseudomembranous candidiasis (thrush): presents as white
curd-like pseudomembranes, which can be removed with
some pressure, leaving behind an erythematous mucosa.

& Chronic hyperplastic candidiasis: presents as a hyper-
keratotic white patch, with or without hyperplasia of
epithelial tissue, which cannot be removed by scraping.

& Erythematous candidiasis: presents as intensely red
inflamed areas of the oral mucosa, often under a
denture or following antibiotic therapy.

& Angular cheilitis: presents as erythema, fissuring, and
crusting of the commissures (angles) of the lips.

The most common forms of intraoral candidiasis
reported in oncology patients are pseudomembranous and
erythematous candidiasis, while hyperplastic candidiasis is
rarely reported [3–5]. Oral candidiasis can be asymptomatic
or associated with a number of symptoms. Erythematous
candidiasis is often associated with a burning sensation of
the mouth [6]. Involvement of the dorsal tongue may lead
to a diffuse loss of filiform papillae, leading to a “bald” and
red appearance, often accompanied by discomfort and taste
changes. Pseudomembranous candidiasis may be accompa-
nied by burning pain, taste changes when eating, and a foul
taste when not eating [7]. Angular cheilitis is often
uncomfortable and may cause pain when opening the
mouth wide. Thus, the symptoms of oral candidiasis can
have a significant impact on quality of life and can impair
nutritional intake. In an oncology population, where
compliance with treatment and maintenance of nutritional
intake are vital, oral candidiasis can therefore affect
systemic outcomes of cancer therapy. In addition, immu-
nosuppressed cancer patients are at higher risk for oral
candidiasis to spread to the oropharyngeal regions and
subsequently to the systemic circulation. Systemic dissemi-
nation is also possible through the lesions of cancer therapy-
induced oral mucositis and can be fatal [8]. Since oral
candidiasis can be easily treated, particularly in the early
stages, the early recognition and treatment of oral candidiasis
is very important in oncology patients. However, there is
limited information on the prevalence of oral fungal infection
in this population and its impact on quality of life and cost of
care.

The National Institutes of Health (NIH) Consensus
Development Conference on the Oral Complications of
Cancer Therapies held in 1989 highlighted the importance
of recognition and management of oral infections, including
oral candidiasis, in patients receiving cancer therapy [9].
The consensus statement mentioned the risk of systemic
candidiasis in neutropenic patients and addressed topical
and systemic management strategies [9].

There have been significant advances in the treatment of
cancer in the last two decades. Newer and more effective
chemotherapy regimens have been developed. Similarly,
newer modalities of radiation therapy, including Intensity
Modulated Radiation Therapy, allow for more precise target-
ing of radiation while minimizing radiation to adjacent
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structures such as the salivary glands. Newer anti-fungal
agents and prophylactic strategies have also been developed.
Thus, the prevalence, impact, and management of oral fungal
complications of cancer therapy are likely to have changed.
The aims of this systematic review, therefore, were:

& To determine the prevalence of clinical oral fungal
infection and fungal colonization in patients receiving
cancer therapy.

& To determine the impact of oral fungal infections on
quality of life and cost of care in patients receiving
cancer therapy.

& To review current management strategies for prevention of
oral fungal infections in patients receiving cancer therapy.

Methods

A research librarian conducted literature searches for studies
published between January 1989 and December 2007 using
PubMed, EMBASE, and The Cochrane Library. The search
was specific to human studies reporting oral fungal infections
as a side-effect of cancer therapy. The publication types
included in this review were: randomized and non-
randomized clinical trials, cohort studies, before and after
studies, and case-control studies. The following publication
types were excluded: non-systematic reviews, studies without
original data on oral complications, studies that did not report
data on oral fungal infection/colonization rates for specific
cancer treatments received by subjects, case reports, opinion
papers, and studies not published in English.

Each eligible article was evaluated independently by two
reviewers, who then entered the data on a customized data
abstraction form for reviewing oral fungal infections.
Information on a number of variables including study
design, study population, sample size, interventions, blind-
ing, outcome measures, methods, results, and conclusions
was abstracted from each article. The review of literature
and development of recommendations were based on a
standardized manual, common to all the systematic reviews
of oral complications of cancer therapy. The quality of
selected articles was assessed and scored with respect to
sources of bias, representativeness, scale validity, and
sample size. These parameters were utilized to determine
the weighted prevalence of fungal infection or colonization.
Further details of this process are described in the
methodology paper by Brennan et al. [10].

Results

Sixty-five articles were initially identified based on the
literature search. Following review, it was determined that

thirty-nine articles met the inclusion/exclusion criteria
described above. Of these, 24 studies [4, 5, 11–32] tested
a specific antifungal intervention and 15 [3, 33–46] were
not testing an antifungal intervention. Studies reporting
clinical oral fungal infection used clinical examination, with
or without supporting cultures, to make the diagnosis.
Studies reporting fungal colonization used fungal cultures.
There were no studies that provided data on quality of life
or cost of care related to oral fungal infection during cancer
therapy. Cancer diagnoses represented included head and
neck cancer, Hodgkin’s and non-Hodgkin’s lymphoma,
acute and chronic lymphocytic leukemia, acute myeloge-
nous leukemia, multiple myeloma, and cancers of the lung,
ovaries, breast, and prostate. Some studies included mixed
cancer populations.

Observational studies: prevalence of clinical oral fungal
infection

For all cancer treatments, the weighted prevalence of
clinical oral fungal infection (all oral candidiasis) was
7.5% pre-treatment, 39.1% during treatment, and 32.6%
after the end of cancer therapy. When examined by type of
cancer therapy, the prevalence of oral candidiasis during
head and neck radiation therapy (37.4%) was similar to that
during chemotherapy (38%) (Table 1).

Observational studies: prevalence of fungal colonization

For all cancer treatments, the weighted prevalence of oral
colonization with fungal organisms was 48.2% before
treatment, 72.2% during treatment, and 70.1% after
treatment. The prevalence of oral fungal colonization
during chemotherapy (72.8%) was similar to that during
radiation therapy (74.5%) (Table 2). Five studies [33, 37,
40, 41, 43] specifically assessed the prevalence of Candida
albicans colonization during cancer therapy and collective-
ly provided a mean weighted prevalence of 46.2%. Some of
these studies also reported prevalence of colonization with
other candida species during cancer therapy; with mean
weighted prevalence rates of 16.6% for Candida tropicalis,
5.5% for Candida glabrata, and 3% for Candida krusei
(Table 3).

Interventional studies: effectiveness of therapies to prevent
clinical oral fungal infection

Twenty-four studies reported the effectiveness of antifungal
agents in preventing clinical oral fungal infection in patients
receiving cancer therapy, with some studies testing more
than one agent (Table 4). Twelve studies [4, 5, 12, 19, 20,
23–25, 27, 29, 31, 32] had placebo or no treatment arms
and collectively contributed to a weighted prevalence of
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clinical oral fungal infection (all oral candidiasis) of 20.3%
in the placebo groups. Four of these studies examined
subjects with head and neck cancer (weighted mean
prevalence of 38.4%), with the remaining eight studying
other tumor populations (weighted mean prevalence of
14.1%). In contrast, 17 studies [4, 5, 11, 13–16, 19–23, 26–
29, 32] using fluconazole provided a weighted prevalence
of 1.9% in the fluconazole group (Table 4). These 17
studies included four in patients with head and neck cancer
(weighted prevalence of 2.2%) and 13 studies in other
tumor populations (weighted prevalence of 1.8%). Data
from three studies indicated a weighted mean prevalence of
2.3% for patients receiving amphotericin B [21, 22, 28] and
four studies together indicated a weighted mean prevalence
of 1.5% for itraconazole [11, 12, 25, 31]. Two studies in
neutropenic cancer patients examined the use of a prophy-
lactic antifungal regimen consisting of clotrimazole troches
every 12 h and a mouthwash containing nystatin, Benadryl,
and cepacol every 6 h, which resulted in a weighted
prevalence of 14.6% for clinical oral fungal infection [15,
16]. One study examined the use of nystatin suspension as
prophylaxis in patients receiving induction chemotherapy
for leukemia and reported an oropharyngeal candidiasis
prevalence of 6% in this group [13]. One study examining
the use of amifostine during head and neck radiation
therapy reported the occurrence of clinical oral candidiasis

in 11 of 38 subjects (28.9%) in the amifostine group as
compared to 9 of 16 subjects (56.2%) in the placebo group
(p=0.07) [24].

Interventional studies: effectiveness of therapies to reduce
oral fungal colonization rates

The weighted prevalence of oral fungal colonization in
patients receiving fluconazole (determined from four
studies [19, 20, 28, 29]) was 20% (Table 5). Three of these
studies had placebo arms and provided a mean weighted
colonization rate of 51.3% for the patients on placebo. One
study tested the effects of mouth rinses containing nystatin,
chlorhexidine, nystatin and chlorhexidine, and saline on
fungal colonization. The colonization rates in the four
groups ranged from 21% to 28% with no significant
difference between any of the groups, including the saline
group [18].

Discussion

The current systematic review confirms the increased risk
of oral fungal infections in patients receiving cancer
therapy, with supporting data on oral fungal colonization
and infection in the various treatment groups. Head and

Table 1 Weighted prevalence of clinical oral fungal infection by cancer therapy

Cancer
therapy

Number of studies
[references]

Total
number
of subjects

Prevalence
pre-treatment:
mean (SE) [95% CI]

Prevalence during
treatment
mean (SE) [95% CI]

Prevalence post-
treatment
mean (SE) [95% CI]

All treatments Eleven [3, 33–36, 38–40, 44–46] 478 7.5% 39.1% (0.08) [21.0–57.2] 32.6% (0.09) [0–100]

CT only Five [34, 38, 39, 45, 46] 212 NA 38.0% (0.13) [1.2–74.7] NA

RT only Six [3, 33, 35, 36, 40, 44] 260 7.5% 37.4% (0.16) [0–88.4] 32.6% (0.09) [0–100]

CT + RT One [36] 6 NA 66.7%a NA

CT chemotherapy, RT radiation therapy, SE standard error, CI confidence interval, NA not available due to lack of eligible papers providing this data
a There is no SE or CI listed because these data were derived from only one eligible paper

Table 2 Weighted prevalence of oral fungal colonization by cancer therapy

Cancer
therapy

Number of
studies
[references]

Total
number
of
subjects

Prevalence
pre-treatment:
mean (SE)
[95% CI]

Prevalence during
treatment
mean (SE)
[95% CI]

Prevalence
post-treatment
mean (SE)
[95% CI]

All treatments Seven [33, 34, 37,
39, 41–43]

267 48.2% (0.09)
[22.3–74.1]

72.2% (0.05)
[59.5–84.8]

70.1% (0.01)
[57.8–82.3]

CT only Four [34, 39, 41, 42] 157 47.3% (0.16)
[0–100]

72.8% (0.09)
[0–100]

69.3%

RT only Three [33, 37, 43] 110 50.0% (0.07)
[0–100]

74.5% (0.09)
[34.1–100]

71.4%

CT + RT Zero 0 NA NA NA

CT chemotherapy, RT radiation therapy, SE standard error, CI confidence interval, NA not available
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neck radiotherapy and chemotherapy were each indepen-
dently associated with a significantly increased risk for oral
fungal infection. For patients receiving radiation therapy to
the head and neck, the prevalence of clinical oral fungal
infection in the observational studies (37.4%) was similar to
that for the placebo/no treatment groups of interventional
studies examining this population (38.4%), thus confirming
the high risk in this relatively homogenous population. This
increased risk is likely due to the salivary hypofunction
resulting from radiation therapy, as supported by a study
suggesting that use of the salivary gland function preserv-
ing agent, amifostine, during radiation therapy may reduce
the risk for clinical oral candidiasis [24]. On the other hand,
for patients receiving chemotherapy for other (primarily
hematologic) cancers, the prevalence of clinical oral fungal
infection in the observational studies (38%) was higher than
that in the placebo/no treatment group in the interventional
studies (14.1%). This difference may be attributable to a
wide range of chemotherapy regimens utilized in the
studies evaluated and selection bias based on more stringent
exclusion criteria for interventional studies, which may
limit the generalizability of prevalence data from such
studies. Patients receiving chemotherapy are often immu-
nosupressed, which increases the risk for infections,
including oral candidiasis. Local tissue damage due to
cancer therapy-induced oral mucositis and a consequently
reduced ability to maintain oral hygiene may also increase

the risk for oral candidiasis in both chemotherapy and head
and neck radiation therapy populations. Patients receiving
high-dose myelosuppressive chemotherapy in advance of
stem cell transplants are now routinely given antifungal
prophylaxis, and therefore, this group did not influence the
clinical infection prevalence rates for chemotherapy
patients.

Oral colonization with fungal organisms is also in-
creased during cancer therapy. Although Candida albicans
continues to be the most common species involved, other
species, such as Candida tropicalis and Candida glabrata,
are also present in a clinically significant proportion of
patients. This is important because non-albicans Candida
species, especially Candida tropicalis, are more likely to
spread into the systemic circulation. The presence of
Candida tropicalis in mucosal surveillance cultures has
been reported to have a high predictive value for invasive
fungal infection in neutropenic patients [47]. By compari-
son, Candida albicans in mucosal cultures is a poor
predictor of subsequent systemic dissemination. The differ-
ent implications of oral colonization vs infection underscore
the need for treating clinicians to be alert for signs of
clinical oral fungal infection in patients receiving cancer
therapy.

In general, topical agents are considered preferable to
systemic agents due to lower risk of side-effects and drug
interactions. The Infectious Diseases Society of America

Table 4 Weighted prevalence of clinical oral fungal infection during cancer therapy by preventive treatment regimen

Treatment Number of studies [references] Total number
of subjects

Weighted
prevalence

Standard
error

95% Confidence
interval

Fluconazole Seventeen [4, 5, 11, 13–16, 19–23, 26–29, 32] 1,642 1.9% 0.006 0.1–3.1

Amphotericin Three [21, 22, 28] 454 2.3% 0.01 0–7.0

Itraconazole Four [11, 12, 25, 31] 452 1.5% 0.17 0–5.2

Amifostine One [24] 38 28.9% NA NA

Clotrimazole and nystatin Two [15, 16] 96 14.6% NA NA

Nystatin alone One [13] 53 6% NA NA

Placebo/ No treatment Twelve [4, 5, 12, 19, 20, 23–25, 27, 29, 31, 32] 989 20.3% 0.54 8.4–32.1

NA not available

Table 3 Weighted prevalence of colonization by candida species

Candida species Number of studies [references] Total number of subjects Prevalence: mean (SE) [95% CI]

Candida albicans Five [33, 37, 40, 41, 43] 174 46.2% (0.13) [9.8–82.5]

Candida tropicalis Three [33, 40, 43] 122 16.6% (0.07) [0–48.4]

Candida glabrata Three [33, 41, 43] 120 5.5% (0.02) [0–12.8]

Candida krusei Three [33, 41, 43] 120 3.0% (0.02) [0–9.8]

SE standard error, CI confidence interval
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(IDSA) guidelines recommend the use of clotrimazole
troches or nystatin suspension/pastilles as first-line ther-
apy for the management of mild oropharyngeal candidi-
asis [48]. However, studies reviewed for the 1989
conference [49] and for this review together present an
inconsistent picture of the efficacy of topical agents in
patients receiving cancer therapy (level of evidence II,
recommendation grade C). Troches/pastilles require saliva
to dissolve, and hyposalivation is a frequent problem in
this population, especially in patients receiving head and
neck radiation therapy. In addition, troches/pastilles can be
traumatic to patients who have significant oral mucositis
secondary to cancer therapy. Most formulations of troches/
pastilles also contain sugar, which is not desirable from a
caries prevention standpoint, especially in patients with
hyposalivation. Advantages of nystatin rinse include its
affordability and ease of use. Disadvantages include the
short contact time with the oral tissues and occasional
complaints about its taste.

Studies on the efficacy of systemic agents for
antifungal prophylaxis provided a more consistent
result. The largest number of studies used fluconazole,
which was found to be very effective in the prevention
of clinical oral fungal infection and in reducing oral
fungal colonization in patients receiving cancer therapy
(level of evidence I, recommendation grade A). This is
consistent with the IDSA guidelines, which recommend
the use of systemic fluconazole as first-line therapy for
the management of moderate−severe oropharyngeal
candidiasis [48]. For fluconazole-refractory disease, the
IDSA guidelines recommend itraconazole or posacona-
zole, with voriconazole and amphotericin B reserved for
refractory cases. We reviewed a limited number of studies
using amphotericin B and itraconazole for oropharyngeal
candidiasis in oncology patients, which indicated good
efficacy for these agents. Additional systemic agents
available include the lipid formulations of amphotericin
B, and the echinocandins (caspofungin, anidulafungin,
and micafungin). Use of systemic agents may be limited
by their side effects, especially for amphotericin B. In
addition, these agents are best used for short courses and
their use for prophylaxis in certain oncology settings
(e.g., patients receiving head and neck radiation therapy
over 6−7 weeks) can be problematic. The emergence of
resistant species is one important concern with such
prophylactic use.

We were unable to find any eligible papers addressing
the cost-effectiveness of prophylaxis specifically against
oral fungal infection. However, prophylaxis against
systemic fungal infections can also be expected to be
effective against oral fungal infections. In patients
receiving chemotherapy for acute myelogenous leukemia,
prophylaxis of all patients with fluconazole was more
expensive than using IV amphotericin B in febrile patients
or IV micafungin after diagnosis of invasive fungal
infection. However, fluconazole prophylaxis was associ-
ated with higher survival rates, at an additional cost of US
$625−652 per year of life survived [50]. In neutropenic
patients being treated for hematological malignancies,
itraconazole prophylaxis was found to be clinically more
effective and also more cost-effective than fluconazole
prophylaxis or no prophylaxis [51]. Some studies have
demonstrated that, due to its higher efficacy, posaconazole
may be more cost-effective than fluconazole or itracona-
zole for prophylaxis against invasive fungal infections
[52–54]. Finally, in patients undergoing hematopoetic
stem cell transplant, prophylaxis with IV micafungin was
associated with lower total costs than oral fluconazole
prophylaxis, despite the significantly higher drug and
administration costs of micafungin [55, 56]. Thus, the
literature supports the clinical efficacy and cost-
effectiveness of prophylaxis against invasive fungal
infections, in neutropenic cancer patients. Cornely et al.
have pointed out that, although superficial fungal infec-
tions (such as oral candidiasis) are usually responsive to
local and/or systemic agents, there may be value in
prophylaxis since colonization of two independent sites
is a known risk factor for invasive candidiasis in patients
with underlying hematologic disease [57]. However, it is
worth noting that, in highly immunosupressed popula-
tions, antifungal prophylaxis is typically aimed at invasive
fungal infections and can be expected to be effective
against oral fungal infection; thus, specific antifungal
prophylaxis against oral fungal infection is not needed in
such circumstances.

Considering the high prevalence of clinical oral fungal
infection in patients receiving cancer therapy, identifica-
tion of more effective topical antifungal agents to avoid
the potential side-effects of systemic agents would be
beneficial. Studies are also needed to provide data
regarding the impact of oral fungal infection on quality
of life and cost of care in the oncology population.

Table 5 Weighted prevalence of fungal colonization during cancer therapy by preventive treatment regimen

Treatment Number of studies (reference) Total number of subjects Weighted prevalence Standard error 95% Confidence interval

Fluconazole Four [19, 20, 28, 29] 272 20.0% 0.06 0–40.2

Placebo Three [19, 20, 29] 244 51.3% 0.84 15.1–87.5

990 Support Care Cancer (2010) 18:985–992



Acknowledgement We would like to thank Ms. Bridget Loven,
MLIS, of the Information Resource Center at Carolinas Medical
Center, Charlotte, NC, USA, for conducting the literature searches.

Conflict of interest statement None to declare.

References

1. Raber-Durlacher JE, Barasch A, Peterson DE, Lalla RV, Schubert
MM, Fibbe WE (2004) Oral complications and management
considerations in patients treated with high-dose chemotherapy.
Support Cancer Ther 1:219–229

2. Fischer DJ, Epstein JB (2008) Management of patients who have
undergone head and neck cancer therapy. Dent Clin North Am
52:39–60, viii

3. Epstein JB, Freilich MM, Le ND (1993) Risk factors for
oropharyngeal candidiasis in patients who receive radiation
therapy for malignant conditions of the head and neck. Oral Surg
Oral Med Oral Pathol 76:169–174

4. Nicolatou-Galitis O, Athanassiadou P, Kouloulias V,
Sotiropoulou-Lontou A, Dardoufas K, Polychronopoulou A,
Gonidi M, Kyprianou K, Kolitsi G, Skarleas C, Pissakas G,
Papanikolaou IS, Kouvaris J (2006) Herpes simplex virus-1
(HSV-1) infection in radiation-induced oral mucositis. Support
Care Cancer 14:753–762

5. Nicolatou-Galitis O, Velegraki A, Sotiropoulou-Lontou A,
Dardoufas K, Kouloulias V, Kyprianou K, Kolitsi G, Skarleas C,
Pissakas G, Papanicolaou VS, Kouvaris J (2006) Effect of
fluconazole antifungal prophylaxis on oral mucositis in head and
neck cancer patients receiving radiotherapy. Support Care Cancer
14:44–51

6. Terai H, Shimahara M (2007) Tongue pain: burning mouth
syndrome vs Candida- associated lesion. Oral Dis 13:440–442

7. Sakashita S, Takayama K, Nishioka K, Katoh T (2004) Taste
disorders in healthy “carriers” and “non-carriers” of Candida
albicans and in patients with candidosis of the tongue. J Dermatol
31:890–897

8. Rapoport AP, Miller Watelet LF, Linder T, Eberly S, Raubertas
RF, Lipp J, Duerst R, Abboud CN, Constine L, Andrews J, Etter
MA, Spear L, Powley E, Packman CH, Rowe JM, Schwertschlag
U, Bedrosian C, Liesveld JL (1999) Analysis of factors that
correlate with mucositis in recipients of autologous and allogeneic
stem-cell transplants. J Clin Oncol 17:2446–2453

9. Consensus Statement: Oral Complications of Cancer Therapies
(1990) NCI Monographs 9:3−8

10. Brennan MT, Elting LS, Spijkervet FK Systematic reviews of oral
complications from cancer therapies, Oral Care Study Group,
MASCC/ISOO: methodology and quality of the literature.
Support Care Cancer doi: 10.1007/s00520-010-0856-3

11. Huijgens PC, Simoons-Smit AM, van Loenen AC, Prooy E, van
Tinteren H, Ossenkoppele GJ, Jonkhoff AR (1999) Fluconazole
versus itraconazole for the prevention of fungal infections in
haemato-oncology. J Clin Pathol 52:376–380

12. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A,
Girmenia C, Barbabietola G, Pagano L, Leoni P, Specchia G,
Caiozzo A, Raimondi R, Mandelli F (1999) Itraconazole oral
solution as prophylaxis for fungal infections in neutropenic
patients with hematologic malignancies: a randomized, placebo-
controlled, double-blind, multicenter trial. GIMEMA Infection
Program. Gruppo Italiano Malattie Ematologiche dell' Adulto.
Clin Infect Dis 28:250–255

13. Young GA, Bosly A, Gibbs DL, Durrant S (1999) A double-blind
comparison of fluconazole and nystatin in the prevention of

candidiasis in patients with leukaemia. Antifungal Prophylaxis
Study Group. Eur J Cancer 35:1208–1213

14. Egger T, Gratwohl A, Tichelli A, Uhr M, Stebler Gysi C, Passweg
J, Pless M, Wernli M, Buser U, Wuhrmann J et al (1995)
Comparison of fluconazole with oral polyenes in the prevention of
fungal infections in neutropenic patients. A prospective, random-
ized, single-center study. Support Care Cancer 3:139–146

15. Ellis ME, Clink H, Ernst P, Halim MA, Padmos A, Spence D,
Kalin M, Hussain Qadri SM, Burnie J, Greer W (1994) Controlled
study of fluconazole in the prevention of fungal infections in
neutropenic patients with haematological malignancies and bone
marrow transplant recipients. Eur J Clin Microbiol Infect Dis
13:3–11

16. Ellis ME, Qadri SM, Spence D, Halim MA, Ernst P, Clink H,
Baillie F, De Vol EB (1994) The effect of fluconazole as
prophylaxis for neutropenic patients on the isolation of Candida
spp. from surveillance cultures. J Antimicrob Chemother
33:1223–1228

17. Epstein JB, Ransier A, Lunn R, Chin E, Jacobson JJ, Le N, Reece
D (1996) Prophylaxis of candidiasis in patients with leukemia and
bone marrow transplants. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 81:291–296

18. Epstein JB, Vickars L, Spinelli J, Reece D (1992) Efficacy of
chlorhexidine and nystatin rinses in prevention of oral complica-
tions in leukemia and bone marrow transplantation. Oral Surg
Oral Med Oral Pathol 73:682–689

19. Koc M, Aktas E (2003) Prophylactic treatment of mycotic
mucositis in radiotherapy of patients with head and neck cancers.
Jpn J Clin Oncol 33:57–60

20. Laverdiere M, Rotstein C, Bow EJ, Roberts RS, Ioannou S, Carr
D, Moghaddam N (2000) Impact of fluconazole prophylaxis on
fungal colonization and infection rates in neutropenic patients.
The Canadian Fluconazole Study. J Antimicrob Chemother
46:1001–1008

21. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A,
D'Antonio D, Ricci P, Carotenuto M, Liso V, Nosari AM, Barbui
T, Fasola G, Mandelli F (1994) Preventing fungal infection in
neutropenic patients with acute leukemia: fluconazole compared
with oral amphotericin B. Ann Intern Med 120:913–918

22. Meunier F, Aoun M, Janssens M, Dekoster C, Paesmans M (1991)
Chemoprophylaxis of fungal infections in granulocytopenic
patients using fluconazole vs oral amphotericin B. Drug Investig
3:258–265

23. Mucke R, Kaben U, Libera T, Knauerhase H, Ziegler PG, Hamann
D, Strietzel M (1998) Fluconazole prophylaxis in patients with
head and neck tumours undergoing radiation and radiochemother-
apy. Mycoses 41:421–423

24. Nicolatou-Galitis O, Sotiropoulou-Lontou A, Velegraki A, Pissa-
kas G, Kolitsi G, Kyprianou K, Kouloulias V, Papanikolaou I,
Yiotakis I, Dardoufas K (2003) Oral candidiasis in head and neck
cancer patients receiving radiotherapy with amifostine cytopro-
tection. Oral Oncol 39:397–401

25. Nucci M, Biasoli I, Akiti T, Silveira F, Solza C, Barreiros G,
Spector N, Derossi A, Pulcheri W (2000) A double-blind,
randomized, placebo-controlled trial of itraconazole capsules as
antifungal prophylaxis for neutropenic patients. Clin Infect Dis
30:300–305

26. Philpott-Howard JN, Wade JJ, Mufti GJ, Brammer KW, Ehninger
G (1993) Randomized comparison of oral fluconazole versus oral
polyenes for the prevention of fungal infection in patients at risk
of neutropenia. Multicentre Study Group. J Antimicrob Chemo-
ther 31:973–984

27. Rotstein C, Bow EJ, Laverdiere M, Ioannou S, Carr D,
Moghaddam N (1999) Randomized placebo-controlled trial of
fluconazole prophylaxis for neutropenic cancer patients: benefit
based on purpose and intensity of cytotoxic therapy. The

Support Care Cancer (2010) 18:985–992 991

http://dx.doi.org/10.1007/s00520-010-0856-3


Canadian Fluconazole Prophylaxis Study Group. Clin Infect Dis
28:331–340

28. Rozenberg-Arska M, Dekker AW, Branger J, Verhoef J (1991) A
randomized study to compare oral fluconazole to amphotericin B
in the prevention of fungal infections in patients with acute
leukaemia. J Antimicrob Chemother 27:369–376

29. Schaffner A, Schaffner M (1995) Effect of prophylactic flucona-
zole on the frequency of fungal infections, amphotericin B use,
and health care costs in patients undergoing intensive chemother-
apy for hematologic neoplasias. J Infect Dis 172:1035–1041

30. Tollemar J, Gross N, Dolgiras N, Jarstrand C, Ringden O,
Hammarstrom L (1999) Fungal prophylaxis by reduction of
fungal colonization by oral administration of bovine anti-
Candida antibodies in bone marrow transplant recipients. Bone
Marrow Transplant 23:283–290

31. Vreugdenhil G, Van Dijke BJ, Donnelly JP, Novakova IR,
Raemaekers JM, Hoogkamp-Korstanje MA, Koster M, de Pauw
BE (1993) Efficacy of itraconazole in the prevention of fungal
infections among neutropenic patients with hematologic malig-
nancies and intensive chemotherapy. A double blind, placebo
controlled study. Leuk Lymphoma 11:353–358

32. Winston DJ, Chandrasekar PH, Lazarus HM, Goodman JL, Silber
JL, Horowitz H, Shadduck RK, Rosenfeld CS, Ho WG, Islam
MZ, Buell DN (1993) Fluconazole prophylaxis of fungal
infections in patients with acute leukemia. Results of a random-
ized placebo-controlled, double-blind, multicenter trial. Ann
Intern Med 118:495–503

33. Belazi M, Velegraki A, Koussidou-Eremondi T, Andreadis D,
Hini S, Arsenis G, Eliopoulou C, Destouni E, Antoniades D
(2004) Oral Candida isolates in patients undergoing radiotherapy
for head and neck cancer: prevalence, azole susceptibility profiles
and response to antifungal treatment. Oral Microbiol Immunol
19:347–351

34. Bergmann OJ (1996) The demonstration of candidal pseudohy-
phae in salivary smears as a method of early diagnosis of oral
candidiasis in patients with acute myeloid leukemia. Oral Micro-
biol Immunol 11:362–364

35. Brown RS, Miller JH Jr, Bottomley WK (1990) A retrospective oral/
dental evaluation of 92 head and neck oncology patients, before,
during and after irradiation therapy. Gerodontology 9:35–39

36. Dahiya MC, Redding SW, Dahiya RS, Eng TY, Kirkpatrick WR,
Coco BJ, Sadkowski LC, Fothergill AW, Waite A, Rinaldi MG,
Patterson TF, Thomas CR (2003) Oropharyngeal candidiasis
caused by non-albicans yeast in patients receiving external beam
radiotherapy for head-and-neck cancer. Int J Radiat Oncol Biol
Phys 57:79–83

37. Jham BC, Franca EC, Oliveira RR, Santos VR, Kowalski LP, da Silva
Freire AR (2007) Candida oral colonization and infection in Brazilian
patients undergoing head and neck radiotherapy: a pilot study. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 103:355–358

38. Laine PO, Lindqvist JC, Pyrhonen SO, Strand-Pettinen IM,
Teerenhovi LM, Meurman JH (1992) Oral infection as a reason
for febrile episodes in lymphoma patients receiving cytostatic
drugs. Eur J Cancer B Oral Oncol 28B:103–107

39. Laine PO, Lindqvist JC, Pyrhonen SO, Teerenhovi LM, Syrjanen
SM, Meurman JH (1993) Lesions of the oral mucosa in
lymphoma patients receiving cytostatic drugs. Eur J Cancer B
Oral Oncol 29B:291–294

40. Leung WK, Dassanayake RS, Yau JY, Jin LJ, Yam WC, Samar-
anayake LP (2000) Oral colonization, phenotypic, and genotypic
profiles of Candida species in irradiated, dentate, xerostomic
nasopharyngeal carcinoma survivors. J Clin Microbiol 38:2219–2226

41. Magrys A, Koziol-Montewka M, Staroslawska E, Gabczynska B
(2005) The prognostic and diagnostic markers of invasive

candidiasis in patients during chemotherapy. Pol J Microbiol
54:207–213

42. Meurman JH, Laine P, Lindqvist C, Pyrhonen S, Teerenhovi L
(1994) Effect of anticancer drugs on patients with and without
initially reduced saliva flow. Eur J Cancer B Oral Oncol
30B:204–208

43. Paula CR, Sampaio MC, Birman EG, Siqueira AM (1990) Oral
yeasts in patients with cancer of the mouth, before and during
radiotherapy. Mycopathologia 112:119–124

44. Pow EH, McMillan AS, Leung WK, Kwong DL, Wong MC
(2003) Oral health condition in southern Chinese after radiother-
apy for nasopharyngeal carcinoma: extent and nature of the
problem. Oral Dis 9:196–202

45. Ramirez-Amador V, Esquivel-Pedraza L, Mohar A, Reynoso-
Gomez E, Volkow-Fernandez P, Guarner J, Sanchez-Mejorada G
(1996) Chemotherapy-associated oral mucosal lesions in patients
with leukaemia or lymphoma. Eur J Cancer B Oral Oncol
32B:322–327

46. Wahlin YB (1991) Salivary secretion rate, yeast cells, and oral
candidiasis in patients with acute leukemia. Oral Surg Oral Med
Oral Pathol 71:689–695

47. Walsh T (1990) Role of surveillance cultures in prevention and
treatment of fungal infections. NCI Monogr 9:43–45

48. Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr, Calandra
TF, Edwards JE Jr, Filler SG, Fisher JF, Kullberg BJ, Ostrosky-
Zeichner L, Reboli AC, Rex JH, Walsh TJ, Sobel JD (2009)
Clinical practice guidelines for the management of candidiasis:
2009 update by the Infectious Diseases Society of America. Clin
Infect Dis 48:503–535

49. Epstein J (1990) Infection prevention in bone marrow transplan-
tation and radiation patients. NCI Monogr 9:73–85

50. Nomura K, Kawasugi K, Morimoto T (2006) Cost-effectiveness
analysis of antifungal treatment for patients on chemotherapy. Eur
J Cancer Care (Engl) 15:44–50

51. de Vries R, Daenen S, Tolley K, Glasmacher A, Prentice A,
Howells S, Christopherson H, De Jong-van den Berg LT,
Postma MJ (2008) Cost effectiveness of itraconazole in the
prophylaxis of invasive fungal infections. Pharmacoeconomics
26:75–90

52. Camara RD, Jarque I, Sanz MA, Grau S, Casado MA, Sabater FJ,
Carreras E (2009) Economic evaluation of posaconazole vs
fluconazole in the prevention of invasive fungal infections in
patients with GVHD following haematopoietic SCT. Bone
Marrow Transplant

53. Collins CD, Ellis JJ, Kaul DR (2008) Comparative cost-
effectiveness of posaconazole versus fluconazole or itraconazole
prophylaxis in patients with prolonged neutropenia. Am J Health
Syst Pharm 65:2237–2243

54. Stam WB, O'Sullivan AK, Rijnders B, Lugtenburg E, Span LF,
Janssen JJ, Jansen JP (2008) Economic evaluation of posacona-
zole vs. standard azole prophylaxis in high risk neutropenic
patients in the Netherlands. Eur J Haematol 81:467–474

55. Schonfeld W, Wang Cheng J, Tong KB, Seifeldin R (2008) Cost-
effectiveness analysis of antifungal prophylaxis in patients
undergoing hematopoietic stem cell transplantation. Clin Ther
30:964–973

56. Sohn HS, Lee TJ, Kim J, Kim D (2009) Cost-effectiveness
analysis of micafungin versus fluconazole for prophylaxis of
invasive fungal infections in patients undergoing hematopoietic
stem cell transplantation in Korea. Clin Ther 31:1105–1115,
discussion 1066−1108

57. Cornely OA, Ullmann AJ, Karthaus M (2003) Evidence-based
assessment of primary antifungal prophylaxis in patients with
hematologic malignancies. Blood 101:3365–3372

992 Support Care Cancer (2010) 18:985–992


	A systematic review of oral fungal infections in patients receiving cancer therapy
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Observational studies: prevalence of clinical oral fungal infection
	Observational studies: prevalence of fungal colonization
	Interventional studies: effectiveness of therapies to prevent clinical oral fungal infection
	Interventional studies: effectiveness of therapies to reduce oral fungal colonization rates

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


