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Abstract

Purpose The purpose was to review relevant scientific
papers written since 1989 which focused on the prevalence
and management of dysgeusia as an oral side effect of
cancer treatment.

Methods Our literature search was limited to English
language papers published between 1990 and 2008. A total
of 30 papers were reviewed; the results of 26 of these
papers were included in the present systematic review. A
structured assessment form was used by two reviewers for
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each paper. Studies were weighted as to the quality of the
study design, and treatment recommendations were based
on the relative strength of each paper.

Results A wide range in reported prevalence of dysgeusia
was identified with the weighted prevalence from 56—76%,
depending on the type of cancer treatment. Attempts to
prevent dysgeusia through the prophylactic use of zinc
sulfate or amifostine have been of limited benefit. Nutritional
counseling may be helpful to some patients in minimizing the
symptoms of dysgeusia.
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Conclusions Dysgeusia is a common oral side effect of
cancer therapy (radiotherapy, chemotherapy, or combined
modality therapy) and often impacts negatively on quality
of life. From the current literature, there does not appear to
be a predictable way of preventing or treating dysgeusia.

Keywords Dysgeusia - Cancer therapy - Amifostine

Introduction

Dysgeusia is variably defined as an abnormal or impaired
sense of taste, an unpleasant alteration of taste sensation, or
a distortion or perversion of the sense of taste. Dysgeusia
can be described as a bitter, metallic, salty, or unpleasant
taste. Dysgeusia is closely linked to changes in olfaction as
both taste and smell are involved in producing the sense of
flavor. Taste and olfaction provide sensory information
and sensory pleasure and it is known that cancer
therapies affect both [14].

Alterations in taste and smell in cancer patients, due to
either malignancy itself or therapeutic interventions, is a
prevalent problem. These alterations affect the daily
quality of life of these patients and may lead to patient
malnutrition, weight loss and, in severe cases, significant
morbidity [13, 30].

Dysgeusia is assessed clinically by measuring the
detection or recognition threshold values for the five basic
tastes: sweetness, bitterness, sourness, saltiness, and umami
(the savoriness of protein-rich foods), either by applying filter-
paper taste strips impregnated with various concentrations of a
basic taste or, in the laboratory setting, with the use of an
instrument called an electrogustometer. However, these
methods do not provide qualitative information on taste acuity
such as which basic taste perception is most influenced by
cancer or its treatment. Qualitative changes are, instead,
reported through patient complaints, interviews, and clinical
observations [15].

The exact mechanism underlying the observed taste and
odor disturbances in cancer patients is not yet known for
several reasons. First, studies of taste and odor problems
have been investigated in heterogeneous cancer patient
populations with wide variations in the type of complaints
and their severity. These large variations in symptoms
among these patients make it difficult to correlate sensory
disturbances with specific biologic markers. Second, metab-
olism in cancer patients is orchestrated by numerous
exogenous and endogenous factors that interact with one
another in complicated ways. Thus, it is difficult to screen for
a certain factor responsible for taste and odor abnormalities
among these interconnected factors. There is agreement,
however, that damage to sensory receptor cells and abnormal
neuronal activities are independent causes of the taste and
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odor abnormalities in these patients, but the etiology of these
disorders is likely multifactorial.

Chemotherapy and radiotherapy may cause taste and
odor disturbances by destroying taste and olfactory receptor
cells. Cell damage may occur in three ways: (1) a decrease
in the number of normal receptor cells, (2) alteration of cell
structure or receptor surface changes, and (3) interruption in
neural coding. The turnover rate of normal human taste bud
cells is 10 days, and the lifespan of olfactory receptor cells
is about 1 week. Radiation therapy and cytotoxic chemo-
therapeutic agents kill cells with high turnover rates.

Radiation therapy may lead to dysgeusia by altering the
structure of taste pores (resulting in disrupted delivery of
flavor molecules to receptor cells) or by causing a thinning
of the papilla epithelium.

Cancer treatment may also affect neuronal activities as
well as receptor cells. Abnormal sensitization of the chorda
tympani nerve can result in specific taste sensations without
stimulating the taste receptors or requiring the presence of
the corresponding flavor molecules. Anti-neoplastic drugs
may damage neuronal cells, thus modifying afferent taste
pathways.

Recent research has indicated that lipid peroxidation of
oral epithelial cells may contribute to the production of
carbonyls that cause a metallic taste sensation. Ferrous iron
reacts with human skin and produces a series of aldehydes
and ketones causing a metallic odor. A similar mechanism
likely produces the metallic flavor in the mouth.

Bitter and metallic sensations may also originate from
the taste of chemotherapeutic drugs. Many of these drugs
have bitter-tasting compounds that can enter the mouth
through crevicular fluid from plasma or may diffuse from
capillaries to the posterior of taste or odor receptor cells.
Drugs other than anti-neoplastic agents, including anti-
biotics and analgesics (which are often taken by cancer
patients to manage side effects) are also able to influence
taste perception.

Other possible causes of unpleasant taste alterations
that cancer patients experience may be the extraneous
substances produced by poor oral hygiene, infection,
postnasal drip, gastrointestinal reflux, and oral mucositis
[15].

Finally, both chemotherapy and radiotherapy can alter
the pleasure produced by taste and smell through the
formation of conditioned aversions. That is, foods
consumed in proximity with the nausea of therapy come
to be unpleasant. The 1989 NIH Development Consensus
Conference on the Oral Complications of Cancer Therapies
and the publication of the National Cancer Institute Mono-
graphs in 1990 offered some clinical recommendations to
minimize the formation of conditioned aversions [1].

Since 1989, there have been significant advances in
cancer therapies, particularly in the treatment of head and
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neck cancers. Chemotherapy is much more commonly used
(in combination with radiotherapy) in the management of
head and neck cancers. The introduction of Intensity-
Modulated Radiation Therapy and other three-dimensional
radiotherapy techniques have allowed an escalation of
effective dose to the tumor site while offering the potential
to limit radiation dose to vital structures outside of the
tumor bed.

The aim of this systematic review, therefore, was to
provide a follow-up on the 1989 NIH document and to
specifically look at the following issues:

* To determine the reported prevalence of dysgeusia by
cancer therapy regimen

* To determine the impact of dysgeusia on quality of
life

* To comment on the economic impact of dysgeusia

» To assess management strategies for dysgeusia

Methodology

A research librarian performed literature searches using the
following online databases: Medline/PubMed, EMBASE,
and Cochrane Library. The period searched was between
1990 and 2008. The search focused on studies reporting
dysgeusia as a side effect of cancer therapy. Although the
majority of the papers involved patients with various head
and neck cancers, there were also papers which looked at
patients being treated for hematologic malignancies and
other cancers (breast, lung, prostate, etc). Searches were
limited to studies involving human subjects that were
published in the English language journals. The publica-
tion types included in this review were: randomized
(RCT) and non-randomized clinical trials (N-RCT),
cohort studies, before and after studies, and case—
control studies.

The review of literature and development of recommen-
dations were based on the manual provided by leaders of
the Oral Care Study Group (OCSG) of the Multinational
Association of Supportive Care in Cancer and the
International Society of Oral Oncology. This manual
was created as part of the larger Oral Care Systematic
Review project of which dysgeusia was one of the ten
sections being reviewed. As part of the preparation for
the systematic review, the methodology proposed by the
leaders of the OCSG was tested by the sections' heads.
An identical form was completed by all members of the
systematic review to test for calibration. Each of the
studies was independently reviewed by two members of
the dysgeusia section. Each of the reviewers discussed
their review results and concluded their final decision in
any areas of disagreement.

Dysgeusia was assessed by the presence (Y/N) or grade
when available. Measures of quality of life (QOL) and
economic variables were documented if available. 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 dysgeusia. Further
details of this methodology can be reviewed elsewhere in
this monograph [36].

Results

Thirty articles were reviewed as part of the literature search.
Three of the articles were excluded because the paper did
not report dysgeusia findings [3, 10, 25], and a fourth
article was excluded because the study did not involve
cancer patients or cancer therapy [14]. The remaining 26
papers were classified according to their study design:
studies were identified as randomized clinical trials (5),
non-randomized clinical trials (1), cohort studies (13),
before and after studies (6), or case—control studies (1).
Fourteen studies evaluated patients treated for squamous
cell carcinoma, nine evaluated patients treated for solid
tumors, and three assessed a wide range of cancer
diagnoses.

Of the 26 studies evaluated, only fourteen of the
studies (54%) used a standard, validated scale in the
assessment of dysguesia; in seven of the studies (27%),
a study-specific dysgeusia scale was used.

Prevalence

The prevalence of dysgeusia could be determined from
14 studies where the presence of dysgeusia was appro-
priately assessed using a standardized, validated scale.
The weighted prevalence for dysgeusia in the chemo-
therapy only group was 56.3%, the radiotherapy only
group was 66.5%, and the combined RT and CT was
76% (Table 1). Approximately, 15% of patients treated
with RT continued to experience dysgeusia after the
completion of treatment.

Observational studies

Among the 13 cohort studies and one case—control study,
the frequency and severity of dysgeusia is presented
relative to the cancer therapy involved.

Head and neck radiotherapy

Five studies looked at patients receiving high-dose
radiotherapy for treatment of various head and neck
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Table 1 Weighted prevalence of dysgeusia during cancer therapy

Number of studies (reference) Mean prevalence Standard 95% Confidence
(%) error interval
During cancer therapy
Chemotherapy only 5 (von Poznak, Macquat-Moulin, Maisono, Beale, 56.3 0.15 15.0-97.6
Ohrn)
Radiotherapy only 5 (Lu, Winter, Kearvall, Hughes, Amosson) 66.5 0.14 26.8-100.0
Radiotherapy and 3 (Fang, Just, Denis) 76.0 0.24 0.0-100.0
chemotherapy
After cancer therapy
Radiotherapy 2 (Lu, Hainsworth) 14.9 0.05 0.0-80.0

cancers. The studies varied in design, and the reported
frequency of dysgeusia ranged from 32% to 100%. In
one study, dysgeusia complaints seemed proportional to
the RT dose to the parotid gland [2]. In another study
which followed patients over time, the frequency of
dysgeusia as a complaint decreased over time [22]. In all
studies, the severity of dysgeusia was rated as mild [2, 8, 17,
22, 34]. In four before and after (i.e., quasi-experimental, non-
controlled, non-randomized) studies involving RT alone, the
rate of dysgeusia ranged from 16-100% [7, 8, 19, 22] and
was usually reported as mild to moderate in severity.

During a course of curative head and neck radiother-
apy (60-70 Gy/6-8 weeks), taste dysfunction becomes
measurably impaired during the first week of treatment
and becomes worse during the second week. The
greatest degree of compromise is reached during the
third or fourth week of treatment. A dose of 60 Gy
causes a relative taste loss in over 90% of patients and
tends to last throughout the entire course of radiotherapy.
Taste loss is generally not observed until radiation doses
of 20 Gy have been administered in the head and neck
regions. A partial improvement in taste can usually be
found between the 20th to the 60th day after termina-
tion of radiotherapy and taste generally returns to
normal or near-normal levels within 1 year after
radiotherapy. However, in some patients, taste changes
may persist up to 7 years following radiotherapy [28].

Irradiated iodine therapy

In the one study that assessed patients treated with
irradiated iodine for various forms of thyroid cancer, only
9/71 (9.8%) of patients reported dysgeusia symptoms [29].
Combined modality therapy (RT +/— CT)

In a study that evaluated 44 patients who either received

radiotherapy or radiochemotherapy for various head and
neck cancers, the rate of dysgeusia was found to be higher

@ Springer

(41% vs. 30%) in patients receiving radiotherapy alone (7/
17 patients) compared to patients receiving combined
modality therapy (8/27 patients) [6].

In contrast, another study found that combined modality
therapy produced more severe symptoms of dysgeusia
although all 37 patients in this study experienced some
degree of dysgeusia, regardless of whether chemotherapy
was involved or not [16].

A third study, evaluating 38 head and neck cancer
patients treated with radiotherapy +/— chemotherapy,
reported that all patients had some degree of dysgeusia
although the grade of dysgeusia was never reported as
severe [32].

Ohrn et al. reported that dysgeusia scores were generally
higher among radiotherapy patients than in chemotherapy
patients and that the severity of dysgeusia was most directly
related to the cumulative RT dose [26].

One case—control study was reviewed, in which 12 head
and neck cancer patients, all having received combined
modality treatment and all reporting dysgeusia post-
treatment, were compared with 12 control patients in terms
of ultra-structural tongue changes (as visualized by confo-
cal microscopy). The results indicated that epithelial
changes in the fungiform papilla (but not in the taste bud
structure) were predictive of dysgeusia [18].

In before and after studies involving combined modality
therapy, the incidence of patient-reported dysgeusia was
generally lower, ranging from 10-44% [8, 11, 31] and,
again, was generally reported as mild in nature.

Chemotherapy

Three studies looked at the effects of chemotherapy
used as mono-therapy for various cancers: the first
study reviewed 42 patients with various solid organ
tumors enrolled in a phase I study; the second study
reviewed 95 patients with inflammatory breast cancer
patients; a third study reviewed 30 patients with
metastatic breast cancer [4, 23, 24].
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Dysgeusia was reported in 16.6%, 67%, and 100% of the
patients, respectively, and was always reported as mild—
moderate in severity. In the one study that followed patients
over time, dysgeusia returned to baseline levels 1 year
following the cessation of therapy [23].

Impact on quality of life

Fourteen of the studies reviewed reported specifically on
the impact of dysgeusia on patient-reported quality of life,
using either a validated quality-of-life questionnaire, a
visual analogue scale or a study-specific quality-of-life
scale [2, 7-9, 12, 16, 18-20, 23, 27, 33]. The results were
variable and difficult to interpret as dysgeusia was often
reported along with a number of other quality-of-life
measures (xerostomia, oral pain, swallowing, social eating,
etc). Nonetheless, some general comments can be made
pertaining to dysgeusia as it relates to patient-reported
quality of life:

* Oropharyngeal complaints (including dysgeusia) are
common and significant in patients undergoing head
and neck cancer therapy and can result in profound
decreases in quality of life.

* Some head and neck patients experience a deterioration
in quality of life (QOL) following head and neck
radiotherapy relative to taste changes; more commonly,
there are other QOL measures that are more significant
sources of distress to head and neck patients (dry
mouth, sticky saliva, difficulty swallowing, and oral
pain).

* Dysgeusia becomes more problematic as radiotherapy
dose increases but often disappears as an oral complaint
following the cessation of therapy.

Economic impact

There were no studies evaluating the economic impact of
dysgeusia.

Prevention and/or management strategies
Zinc supplementation

The specific role of zinc in relation to taste perception is
unknown, but it is a recognized cofactor of alkaline
phosphatase, which is the most abundant enzyme within
the taste bud membrane. In addition, zinc may play a role in
the conformation of proteins involved in regulation of the
pores of taste bud microvilli [26, 28].

Studies that specifically examined prevention and/or
management strategies for dysgeusia using zinc provided
variable results. One study examined the use of zinc

gluconate in the management of idiopathic dysgeusia in a
non-cancer population and found that zinc appears to
improve general gustatory function and, consequently,
general mood scores in dysgeusia patients [13]. Another
study evaluated 169 patients receiving RT +/— chemother-
apy for head and neck cancers; 84/169 were randomized to
receive 45 mg zinc sulfate orally tid starting on the first day
of RT and continuing for 1 month after the completion of
RT, the second group (85/169) received a placebo. The
results showed no statistically significant difference be-
tween the two groups in terms of dysgeusia (73% in the
zinc-treated group; 84% in the placebo-treated group) [12].

Amifostine

Cytoprotective agents such as amifostine have been studied
relative to the prevention and/or management of dysgeusia.
Amifostine is a thiol compound which protects normal
organs and tissues from oxidative damages induced by
cancer therapy by the scavenging of free radicals produced
by either chemotherapy or radiotherapy [15].

The two studies that looked at the use of amifostine in
preventing dysgeusia showed that while amifostine reduced
the incidence and severity of acute and late toxicities in
general, the effects of amifostine on dysgeusia specifically
were not as impressive. In one study, both arms of the study
(amifostine-treated and control patients) experienced dys-
geusia at the same rate [5]; the second study (examining the
effects on amifostine on acute toxicity of concurrent
chemotherapy and radiotherapy on lung patients) showed
that dysgeusia was more frequent among patients given
amifostine than among controls (32% vs. 10%; p=0.039)
[21].

Dietary and educational counseling

Two RCTs investigated the use of dietary counseling and
educational tapes on the incidence and severity of oral side
effects of cancer therapy, including dysgeusia. The first
study showed that dietary counseling had a minor impact
on carly-onset dysgeusia (30% vs. 40%) but a more
significant effect on long-term dysgeusia as an oral side
effect (5% vs. 25%) [27]. The second study showed that the
use of audiotapes as an educational tool for patients was
no more effective than simply mailing patients written
information in lessening the early and late reporting of
dysgeusia as an oral side effect of cancer therapy. In
both groups, the rate of dysgeusia ranged from 54% to
68% [33].

Overall, the results of RCTs are discouraging:
amifostine seems only modestly helpful in reducing
the severity (not the incidence) of dysgeusia; zinc
sulfate does not seem any better than placebo; dietary
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counseling is of modest benefit to some patients, but the
manner in which patient education is delivered does not
seem to make a difference.

RT decrease to the tip of tongue

One N-RCT was reviewed which looked at 118 patients
with head and neck cancer treated with RT +/— chemother-
apy. One group had the tip of the tongue in the RT field; the
second group did not. The results reported no patients'
complaints of dysgeusia when the tongue tip was not in the
RT field; by contrast, for patients who had the tip of the
tongue included in the RT field, there were marked
increases in mean threshold values to the four taste qualities
being tested (salt, sweet, sour, and bitter) [35].

Conclusions of the review

*  From the few studies that have reported the prevalence of
dysgeusia, approximately half of patients being treated
with CT alone experienced dysgeusia, while two thirds of
patients treated with RT and three fourths of patients
treated with combined RT and CT experienced dysgeusia.

» Approximately 15% of patients treated with RT continue
to experience dysgeusia after the completion of treatment.

* Dysgeusia does have an impact on QOL, but future
studies need to further clarify our understanding of this
relationship.

* A long-term, multicenter prospective study of patients
treated with newer treatment modalities for various
cancers is needed to determine the prevalence, QOL,
and economic impact of this common oral complica-
tion.

* Our systematic review failed to demonstrate any
significant improvement of dysgeusia from various
treatment strategies.

* Newer preventive and management strategies are
needed.

Prevention strategies (with level of evidence,
recommendation grade and guideline classification)

Zinc gluconate

Level of evidence II, recommendation grade C, sugges-
tion to not use zinc gluconate to prevent dysgeusia in
head and neck cancer patients, although this has been
found to be beneficial in a non-cancer idiopathic dysgeu-
sia cohort.
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Amifostine

Level of evidence II, recommendation grade B, recommend
not to use amifostine solely for the prevention of dysgeusia
in head and neck cancer patients.

Dietary and educational counseling

Level of evidence II, recommendation grade B, suggestions
to use counseling for the prevention of dysgeusia

Recommendations for future research directions

There is a clear need for the development and use of
validated tools for the clinical evaluation of dysguesia in
the research setting. Considering the high prevalence of
dysgeusia in published studies and the QOL deficits
associated with dysgeusia, increased efforts for patient
education and prevention and early treatment options are
warranted. Larger prospective trials for the prevention and
treatment of dysgeusia are needed to improve management
of this oral sequela often seen during cancer therapy.

Conflict of interest statement None declared.

References

1. Bartoshuk LM (1990) Chemosensory alterations and cancer
therapies. NCI Monogr 9:179-184

2. Amossan C et al (2003) Dosimetric predictors of xerostomia for
head-and-neck cancer patients treated with the SMART (simulta-
neous modulated accelerated radiation therapy) boost technique.
Int J Oncol Biol Phys 56(1):136-144

3. Batist G et al (2002) Neovastat (AE-941) in refractory renal cell
carcinoma patients: report of a phase II trial with two dose levels.
Ann Oncol 13:1259-1263

4. Beale J et al (2003) A phase I clinical and pharmacological study
of cis-diamminedichloro (2-methylpuridine) platinum II
(AMDA473). Br J Cancer 88:1128-1134

5. Buntzel et al (1998) Radiochemotherapy with amifostine
cytoprotection for head and neck cancer. Support Care Cancer
6:155-160

6. Denis et al (2003) Late toxicity results of the gortec 94-01
randomized trial comparing radiotherapy with concomitant radio-
chemotherapy for advanced-stage oropharynx carcinoma: com-
parison of LENT/SOMA, RTOG/EORTC, and NCI-CTC scoring
systems. Int J Radiat Oncol Biol Phys 55(1):93-98

7. Epstein J et al (2001) Quality of life and oral function in patients
treated with radiation therapy for head and neck cancer. Head and
Neck 23:389-398

8. Fu-Min F et al (2005) Changing quality of life in patients with
advanced head and neck cancer after primary radiotherapy or
chemoradiation. Oncology 68:405—413



Support Care Cancer (2010) 18:1081-1087

1087

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Fu-Min F et al (2004) Changes in quality of life of head-and-neck
cancer patients following postoperative radiotherapy. Acta Oncol
43(6):571-578

Febbo PG et al (2005) Neoadjuvant docetaxel before radical
prostatectomy in patients with high-risk localized prostate cancer.
Clin Cancer Res 11(14):5233-5240

Hainsworth J et al (2002) Induction paclitaxel, carboplatin and
infusional 5-FU followed by concurrent radiation therapy and
weekly paclitaxel/carboplatin in the treatment of locally-advanced
head and neck cancer: a phase I trial of the Minnie Pearl Cancer
Research Network. Cancer J 8:311-321

Halyard et al (2007) Does zinc sulfate prevent therapy-induced
taste alterations in head and neck cancer patients? Results of phase
I double-blind, placebo-controlled trial from the North Central
Cancer Treatment Group (NO1C4). Int J Radiat Oncol Biol Phys
67(5):1318-1322

Halyard M (2009) Taste and smell alterations in cancer patients—
real problems with few solutions. J Support Oncol 7(2):68—69
Heckmann SM et al (2005) Zinc gluconate in the treatment of
dysgeusia—a randomized clinical trial. J Dent Res 84(1):35-38
Hong JH et al (2009) Taste and odor abnormalities in cancer
patients. J Support Oncol 7(2):58—65

Huang et al (2000) Symptom profile of nasopharyngeal cancer
patients during radiation therapy. Cancer Pract 8(6):274-281
Hughes PJ et al (2000) Dysphagia in treated nasopharyngeal
cancer. Head Neck 22:393-397

Just et al (2005) Confocal microscopy of the peripheral gustatory
system: comparison between healthy subjects and patients
suffering from taste disorders during radiochemotherapy. Laryn-
goscope 115:2178-2182

. Kearvell et al (2004) Acute radiation toxicity assessment of a 3-D

conformal head and neck radiation treatment technique. Australas
Radiol 48:358-363

Kita T et al (2004) Multifactorial analysis on the short-term
side-effects occurring within 96 hours after radioiodine-131
therapy for differentiated thyroid carcinoma. Ann Nucl Med
18(4):345-349

Komaki et al (2004) Effects of amifostine on acute toxicity from
concurrent chemotherapy and radiotherapy for inoperable non-
small-cell lung cancer: report of a randomized comparative trial.
Int J Radiat Oncol Biol Phys 58(5):1369-1377

Lu et al (2005) Prospective phase II trial of concomitant boose
radiotherapy for stage Il nasopharyngeal carcinoma: an evaluation
of response and toxicity. Laryngoscope 115:806-810
Macquart-Moulin et al (2000) High-dose sequential chemotherapy
with recombinant granulocyte colony-stimulating factor and
repeated stem-cell support for inflammatory breast cancer

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

patients: does impact on quality of life jeopardize feasibility and
acceptability of treatment? J Clin Oncol 18(4):754-764

Maisano R et al (2003) Is weekly docetaxel an active and gentle
chemotherapy in treatment of metastatic breast cancer? Anticancer
Res 23:1923-1930

Martin M et al (2006) Toxicity and health-related quality of life in
breast cancer patients receiving adjuvant docetaxel, doxorubin,
cyclophosphamide (TAC) or 5-fluorouracil, doxorubicin and
cyclophosphamide (FAC): impact of adding primary prophylactic
granuloctye-colony stimulating factor to the TAC regimen. Ann
Oncol 17:1205-1212

Ohrn K et al (2001) Oral status during RT and CT: a descriptive
study of patient experiences and the occurrence of oral compli-
cations. Support Care Cancer 9:247-257

Ravasco P et al (2005) Impact of nutrition on outcome: a
prospective randomized controlled trial in patients with head and
neck cancer undergoing radiotherapy. Head and Neck 27:659—-668
Ripamonti C (1998) Taste alterations in cancer patients. J Pain
Symptom Manage 16(6):349-351

Rosenbluth B et al (2005) Intensity-modulated radiation therapy
for the treatment of nonanaplastic thyroid cancer. Int J Radiat
Oncol Biol Phys 63:1419-1426

Steinback S et al (2009) Qualitative and quantitative assessment
of taste and smell changes in patients undergoing chemotherapy
for breast cancer or gynecologic malignancies. J Clin Oncol 27
(11):1899-1905

. Van Poznak C et al (2001) Oral gossypol in the treatment of

patients with refractory metastatic breatst cancer: a phase I/II
clinical trial. Breast Cancer Res Treat 66:239-248

Vosmik M et al (2006) IMRT with the use of simultaneous
integrated boost in treatment of head and neck cancer: acute
toxicity evaluation. Acta Med 49(3):167-173

Williams et al (2004) The effect of education in managing side
effects in women receiving chemotherapy for treatment of breast
cancer. Oncol Nurs Forum 31(1):E16-E23

Winter et al (2004) Quality of life following resection, free flap
reconstruction and postoperative external beam radiotherapy for
squamous cell carcinoma of the base of tongue. Clin Otolaryngol
29:274-278

Yamashita et al (2006) Relation between acute and late irradiation
impairment of four basic tastes and irradiated tongue volume in
patients with head-and-neck cancer. Int J Radiat Oncol Biol Phys
66(5):1422-1429

Brennan MT, Elting LS, Spijkervet FKL. 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

@ Springer


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

	A systematic review of dysgeusia induced by cancer therapies
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methodology
	Results
	Prevalence
	Observational studies
	Head and neck radiotherapy
	Irradiated iodine therapy
	Combined modality therapy (RT +/− CT)
	Chemotherapy

	Impact on quality of life
	Economic impact
	Prevention and/or management strategies
	Zinc supplementation
	Amifostine
	Dietary and educational counseling

	RT decrease to the tip of tongue

	Conclusions of the review
	Prevention strategies (with level of evidence, recommendation grade and guideline classification)
	Zinc gluconate
	Amifostine
	Dietary and educational counseling

	Recommendations for future research directions
	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


