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Chapter 1

PEDIATRIC ONCOLOGY

Although childhood cancer is a rare disease, it is a major cause of death among 

children in the Western world 1. Each year, around 400,000 children are diagnosed 

with cancer worldwide, including 600 patients in the Netherlands 1, 2. Childhood 

cancer can be roughly categorized into hematological, solid, and brain malignancies. 

tȉȯƲ٪ ȷȬƲƤǛ˚ƤƇǳǳɬؙ٪ ٪׀ֿ ƫǛƇǍǾȉȷɅǛƤ٪ ƤƇɅƲǍȉȯǛƲȷ٪ ƇȯƲ٪ ƫƲ˚ǾƲƫ٪ ƣɬ٪ ɅǕƲ٪ UǾɅƲȯǾƇɅǛȉǾƇǳ٪

�ǳƇȷȷǛ˚ƤƇɅǛȉǾ٪ȉǌ٪�ǕǛǳƫǕȉȉƫ٪�ƇǾƤƲȯȷ٪حU��� Brain tumors and leukemia are .3٪خֿ٪FǛǍɍȯƲح٪خ

the most prevalent types of childhood cancer in the Netherlands, accounting for 22% 

and 21% of all cancer cases respectively 2. In the Netherlands, care for all childhood 

cancer patients is centralized in the Princess Máxima Center for Pediatric Oncology 

in Utrecht, which opened in June 2018.

Figure 1. Incidence of childhood cancer in percentages in the Netherlands in 2020 2.

To date, the exact etiology of pediatric cancers remains unclear. Cancer cells are faulty 

cells that grow uncontrollably. An accumulation of mutations may debilitate the 

control of cell division and proliferation, prompting a cell to become cancerous. Adult 

cancers are characterized by a high number of these so-called somatic mutations. 

However, this is not the case in children with cancer. Childhood cancer has a relatively 

low mutational burden, but a higher prevalence of germline alterations in cancer 
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predisposition genes 4. Studies have started to unravel the complex underlying 

molecular mechanisms of childhood cancer, but these are still poorly understood.

Chemotherapy is the most common treatment modality across the various types of 

childhood cancer followed by surgery, radiation therapy, immunotherapy, and stem 

cell transplant 5ؘ٪�ǕƲǼȉɅǕƲȯƇȬɬ٪ƤƇǾ٪ƣƲ٪ƫƲ˚ǾƲƫ٪Ƈȷ٪Ƈ٪ɅȯƲƇɅǼƲǾɅ٪ȯƲǍǛǼƲǾ٪ǛǾɥȉǳɥǛǾǍ٪

ɅǕƲ٪ɍȷƲ٪ȉǌ٪ƤɬɅȉȷɅƇɅǛƤ٪حǛǾǕǛƣǛɅ٪ƤƲǳǳ٪ƫǛɥǛȷǛȉǾخ٪ƇǾƫ٪ƤɬɅȉɅȉɫǛƤ٪حǛǾƫɍƤƲ٪ƤƲǳǳ٪ƫƲƇɅǕخ٪ƫȯɍǍȷؙ٪

designed to target rapidly dividing cancer cells. A distinction can be made between 

ƫǛǌǌƲȯƲǾɅ٪ƫȯɍǍ٪ƤǳƇȷȷƲȷؙ٪Ƈǳǳ٪ǕƇɥǛǾǍ٪ɅǕƲǛȯ٪ȉɦǾ٪ǼƲƤǕƇǾǛȷǼ٪ȉǌ٪ƇƤɅǛȉǾ٪ح½ƇƣǳƲ٪ֿ6٪خ.

Table 1. Groups of most commonly used chemotherapeutic drugs in pediatric oncology 6.

Drug class Examples of drugs used in 
pediatric oncology

Mechanism of action

Alkylating agents 
خǛǾƤǳɍƫǛǾǍ٪ȬǳƇɅǛǾɍǼ٪ƇǍƲǾɅȷح

cyclophosphamide ب
ifosfamide ب
melfalan ب
busulfan ب
lomustine ب
cisplatin ب
carboplatin ب
dacarbazine ب
temozolomide ب

Add chemically reactive 
compounds to DNA strands, 
which causes cross-linking of DNA

Antimetabolites methotrexate ب
mercaptopurine ب
thioguanine ب
ɍƫƇȯƇƣǛǾƲ˛٪ب
cytarabine ب
ɍȉȯɍȯƇƤǛǳ˛٪ب

Block synthesis of nucleotide 
precursors or are directly 
incorporated into DNA as 
fraudulent bases

½ȉȬȉǛȷȉǼƲȯƇȷƲ٪حU٪ƇǾƫ٪UUخ٪
inhibitors

خUح٪ɅȉȬȉɅƲƤƇǾ٪ب
خUح٪ǛȯǛǾȉɅƲƤƇǾ٪ب
خUUح٪ƫȉɫȉȯɍƣǛƤǛǾ٪ب
خUUح٪ƫƇɍǾȉȯɍƣǛƤǛǾ٪ب
خUUح٪ǼǛɅȉɫƇǾɅȯȉǾƲ٪ب
خUUح٪ƫƇƤɅǛǾȉǼɬƤǛǾ٪ب
خUUح٪ƲɅȉȬȉȷǛƫƲ٪ب

Interfere with DNA relegation, 
resulting in protein-associated 
DNA strand breaks

Tubulin inhibitors vincristine ب
vinblastine ب
vinorelbine ب
paclitaxel ب
docetaxel ب

Inhibit cell mitosis by binding to 
the protein tubulin, which blocks 
microtubule depolymerization

Miscellaneous agents arsenic trioxide ب
PEG-asparaginase ب
bleomycin ب
dexamethasone ب
prednisone ب

Apoptosis

Asparagine depletion

Free radical-mediated DNA breaks

Receptor-mediated lympholysis

1
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At present, 5-year survival of all pediatric cancers combined is approximately 

80%, which was only 40% in the 1970s 7, 8. Survival rates vary between types of 

childhood cancer – or stage of disease at diagnosis – with the most unfavorable 

ȬȯȉǍǾȉȷƲȷ٪ƣƲǛǾǍ٪ǼƇǳǛǍǾƇǾɅ٪ƣȯƇǛǾ٪ ɅɍǼȉȯȷ٪ ٪ؙخǕǛǍǕ٪ǍȯƇƫƲ٪ǍǳǛȉǼƇؙ٪ȬȉǾɅǛǾƲ٪ǍǳǛȉǼƇح

neuroblastomas, and osteosarcomas 9. Increased survival can be attributed to 

ƲƇȯǳɬ٪ƫǛƇǍǾȉȷǛȷؙ٪ƫƲɥƲǳȉȬǼƲǾɅ٪ȉǌ٪ǾȉɥƲǳ٪ɅȯƲƇɅǼƲǾɅȷؙ٪ ǛǾɅƲǾȷǛ˚Ʋƫ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪

regimens, and improved supportive care. Unfortunately, for some childhood cancer 

types survival rates did not – or hardly – increase over the last years 9. Especially for 

children with neuroblastomas, bone tumors, or particular brain tumors, much more 

improvement is necessary. New clinical trials are needed and these trials require 

international collaborations to be able to include enough participants from an already 

heterogeneous population 10.

Furthermore, supportive care clearly needs to receive more research attention. 

In recent decades, improvement of supportive have already resulted in better 

survival. For example, intense chemotherapy causes adverse side effects such as 

febrile neutropenia, leading to delay or reduction of chemotherapy dose, increased 

morbidity and mortality, and longer hospital stays 11, 12. However, the introduction 

of hematopoietic growth factors, which promote the proliferation and activation 

ȉǌ٪ ǾƲɍɅȯȉȬǕǛǳȷ٪ ǛǾ٪ ɅǕƲ٪ ƣȉǾƲ٪ǼƇȯȯȉɦؙ٪ ǕƇȷ٪ ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ ȯƲƫɍƤƲƫ٪ ɅǕƲ٪ ƫɍȯƇɅǛȉǾ٪ ȉǌ٪

neutropenia and associated complications, allowing for more intensive treatment 

in children with cancer 13, 14ؘ٪vȉɦƇƫƇɬȷؙ٪ǌȉȯ٪ƤƲȯɅƇǛǾ٪ƫǛƇǍǾȉȷƲȷ٪حȷɍƤǕ٪Ƈȷ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪

ǼƇǳǛǍǾƇǾƤǛƲȷؙخ٪ƤǕǛǳƫȯƲǾ٪ƇȯƲ٪ǼȉȯƲ٪ǳǛǯƲǳɬ٪Ʌȉ٪ƫǛƲ٪ǌȯȉǼ٪ɅȯƲƇɅǼƲǾɅعȯƲǳƇɅƲƫ٪ǼȉȯɅƇǳǛɅɬ٪ɅǕƇǾ٪

disease progression 15. Reducing treatment-related side effects such as bacterial 

infections, pain, and nausea has been associated with better survival and quality 

of life in children with cancer 16. Therefore, interventions are needed to decrease 

these side effects in order to further increase overall survival, but also ensure that 

children tolerate their treatment physically and mentally as well as possible. In this 

ɦƇɬؙ٪ȷɍȬȬȉȯɅǛɥƲ٪ƤƇȯƲ٪ȯƲȷƲƇȯƤǕ٪˚Ʌȷ٪ɦƲǳǳ٪ɦǛɅǕǛǾ٪ɅǕƲ٪ǼǛȷȷǛȉǾ٪ȉǌ٪ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪

Center: ‘Curing every child with cancer, with an optimal quality of life’.

SUPPORTIVE CARE AND NUTRITIONAL STATUS

¯ɍȬȬȉȯɅǛɥƲ٪ ƤƇȯƲ٪ ƤƇǾ٪ ƣƲ٪ ƫƲ˚ǾƲƫ٪ Ƈȷ٪ ɅǕƲ٪ ȬȯƲɥƲǾɅǛȉǾ٪ ƇǾƫ٪ ǼƇǾƇǍƲǼƲǾɅ٪ ȉǌ٪ ɅǕƲ٪

adverse effects of cancer and its treatment not only during treatment, but also 
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during survivorship or end of life care 17. It encompasses physical and functional, 

psychological, social, and spiritual well-being, aiming to improve quality of life of 

patients and their relatives. In order to relieve the patients’ symptoms and side 

effects, several specialists are involved including pediatric oncologists, nurses, pain 

specialists, physiotherapists, social workers, psychologists, and dietitians.

When focusing on nutritional status of children with cancer and nutritional support 

provided by dietitians, it is known that children treated for cancer are at risk for 

malnutrition. Malnutrition refers to an inadequate nutritional condition in which a 

ƫƲ˚ƤǛƲǾƤɬ٪ȉȯ٪ƲɫƤƲȷȷ٪ȉǌ٪ƲǾƲȯǍɬؙ٪ȬȯȉɅƲǛǾؙ٪ȉȯ٪ȉɅǕƲȯ٪ǾɍɅȯǛƲǾɅȷ٪ƤƇɍȷƲȷ٪ƇƫɥƲȯȷƲ٪ƲǌǌƲƤɅȷ٪ȉǾ٪

the body and hence unfavorable clinical outcomes 18. Almost all children suffer from 

treatment-related side effects interfering with food intake, such as oral mucositis, 

nausea, changes in taste, or less appetite, potentially leading to weight loss and 

undernutrition 19, 20. In contrast, children with cancer can also be vulnerable to 

excessive weight gain during – and after – treatment 21-24. In children with cancer, 

both undernutrition and overnutrition are associated with adverse outcomes such 

as toxicity, poor survival, and worse quality of life 25-27.

SMELL AND TASTE CHANGES

The importance of nutritional status is often underestimated in the treatment of 

cancer. Side effects that are even more often overlooked during treatment are 

changes in smell and taste 28. Nevertheless, chemosensory changes are common 

among adult cancer patients treated with chemotherapy, showing occurrence rates 

between 45% and 84% for taste changes and between 5% and 60% for smell changes 
29. These changes not only contribute to inadequate food intake, but also reduce 

food enjoyment and social pleasure in the daily lives of adult cancer patients and 

their relatives 30-32 . Until recently, it was not known how often children with cancer 

experience such changes. However, evidence now suggests that changes in both 

smell and taste are common in children with cancer too and are often experienced 

as a very bothersome treatment effect 19. In addition to being a very bothersome 

ȷǛƫƲ٪ƲǌǌƲƤɅ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪ǛɅ٪ǼƇɬ٪ƇǌǌƲƤɅ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪حǛؘƲؘؙ٪ǌȉȉƫ٪ƤǕȉǛƤƲ٪ƇǾƫ٪ǛǾɅƇǯƲخ٪

ƇǾƫ٪ǕƲǾƤƲ٪ƤȉǾɅȯǛƣɍɅƲ٪Ʌȉ٪Ƈ٪Ȭȉȉȯ٪ǾɍɅȯǛɅǛȉǾƇǳ٪ȷɅƇɅɍȷؘ٪�ǕƲǼȉȷƲǾȷȉȯɬ٪ǌɍǾƤɅǛȉǾ٪حǛؘƲؘؙ٪ȷǼƲǳǳ٪

ƇǾƫ٪ɅƇȷɅƲخ٪ƇǾƫ٪Ǖȉɦ٪ǛɅ٪ǼƇɬ٪ȷɍǌǌƲȯ٪ǌȯȉǼ٪ƤƇǾƤƲȯ٪ɅȯƲƇɅǼƲǾɅ٪Ǜȷ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ǼȉȯƲ٪ƫƲɅƇǛǳ٪

in the following sections.

1
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Smell function

The general role of smell – or olfaction – is to warn us of dangerous or life-threatening 

ȷǛɅɍƇɅǛȉǾȷ٪ȷɍƤǕ٪Ƈȷ٪ƤȉȉǯǛǾǍ٪ƇƤƤǛƫƲǾɅȷؙ٪ǛǾǍƲȷɅǛȉǾ٪ȉǌ٪ȷȬȉǛǳƲƫ٪ǌȉȉƫȷؙ٪ƇǾƫ٪ƫƲɅƲƤɅǛǾǍ٪˚ȯƲȷ٪

or gas leaks 33. Moreover, olfaction plays an important role in food intake by inducing 

appetite and shaping food choices 34. For example, the smell of freshly baked bread 

that one smells when crossing a bakery. Such a smell induces appetite and may 

ǛǾ˛ɍƲǾƤƲ٪ɅǕƲ٪ƫƲƤǛȷǛȉǾ٪ȉǌ٪ƤȉǾȷɍǼǛǾǍ٪ɅǕƇɅ٪ȬƇȯɅǛƤɍǳƇȯ٪ǌȉȉƫؘ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ȉǳǌƇƤɅǛȉǾ٪Ǜȷ٪Ƈǳȷȉ٪

involved in social communication and sexual behavior, including partner choice 35, 36.

It is estimated that humans can detect more than 1 trillion smells 37. Volatile 

compounds reach the olfactory epithelium of the nasal cavity through the nose, 

which is called orthonasal smelling, and from the mouth during eating, which is 

called retronasal smelling 38. Within the nasal cavity, volatile molecules make contact 

with the mucus layer covering the olfactory receptor neurons where they bind with 

proteins to subsequently stimulate the cilia of the olfactory receptors 39. From there, 

ȉǳǌƇƤɅȉȯɬ٪ȷǛǍǾƇǳȷ٪ƇȯƲ٪ ɅȯƇǾȷǼǛɅɅƲƫ٪ɥǛƇ٪ ɅǕƲ٪ȉǳǌƇƤɅȉȯɬ٪ǾƲȯɥƲ٪ �حȯƇǾǛƇǳ٪vƲȯɥƲ٪ Uخ٪ Ʌȉ٪ ɅǕƲ٪

olfactory bulb. Unlike other sensory modalities, olfactory signals are not relayed via 

the thalamus but transferred directly to the primary olfactory structures including 

the piriform cortex, entorhinal cortex, and amygdala 40. Subsequently, olfactory 

information is sent to secondary olfactory structures composed of the insular cortex 

and orbitofrontal cortex.

Taste function

The sense of taste – or gustation – is mainly involved during eating and not in the 

anticipation of eating, like smell does. The importance of the gustatory system is 

to identify and consume nutrients, but also to protect humans of ingesting toxic 

substances 41ؘ٪UɅ٪Ǜȷ٪ǛǼȬȉȯɅƇǾɅ٪Ʌȉ٪ǾȉɅƲ٪ɅǕƇɅ٪ɅƇȷɅƲ٪Ǜȷ٪ȉǾǳɬ٪ȉǾƲ٪ƤȉǼȬȉǾƲǾɅ٪ȉǌ٪̨ Ƈɥȉȯؘ ٪%ɍȯǛǾǍ٪

ƲƇɅǛǾǍؙ٪ɅƇȷɅƲؙ٪ȷǼƲǳǳؙ٪ƇǾƫ٪ǼȉɍɅǕǌƲƲǳ٪ȷƲǾȷƇɅǛȉǾȷ٪حǛǾƤǳɍƫǛǾǍ٪ƤǕƲǼƲȷɅǕƲɅǛƤ٪ȷƲǾȷƇɅǛȉǾȷ٪

ȷɍƤǕ٪Ƈȷ٪ȬɍǾǍƲǾƤɬ٪ƇǾƫ٪ƇȷɅȯǛǾǍƲǾƤɬخ٪ƇȯƲ٪ƤȉǼƣǛǾƲƫ٪ǛǾ٪ɅǕƲ٪ǼȉɍɅǕؙ٪ǳƲƇƫǛǾǍ٪Ʌȉ٪Ƈ٪ɍǾǛɅƇȯɬ٪

ȬƲȯƤƲȬɅ٪ƤƇǳǳƲƫ٪˛Ƈɥȉȯ٪40. Especially sensations that arise from retronasal smelling play 

Ƈ٪ƫȉǼǛǾƇǾɅ٪ȯȉǳƲ٪ǛǾ٪˛Ƈɥȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪(Figure 2), which is often confused or misused 

in everyday language. This is illustrated by the fact that aromas of chocolate, garlic 

ȉȯ٪ǳƲǼȉǾ٪ƇȯƲ٪ȉǌɅƲǾ٪ƇɅɅȯǛƣɍɅƲƫ٪Ʌȉ٪ɅǕƲ٪ǍɍȷɅƇɅȉȯɬ٪ȷɬȷɅƲǼؙ٪ƣɍɅ٪ǛǾ٪ǌƇƤɅ٪ȉǾǳɬ٪˚ɥƲ٪ƣƇȷǛƤ٪

ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪ǕƇɥƲ٪ƣƲƲǾ٪ǛƫƲǾɅǛ˚Ʋƫؚ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɍǼƇǼǛؘ٪-ƇƤǕ٪ɅƇȷɅƲ٪

quality is associated with nutritional quality of food that helps guide food intake 

and food choice 41. Sweet signals carbohydrates, and thereby the energy content 
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of food. Sour taste is linked to the pH of a food substance and guards acid-base 

ƣƇǳƇǾƤƲ٪ǛǾ٪ɅǕƲ٪ƣȉƫɬؘ٪�ƲƤƇɍȷƲ٪ȷȉɍȯ٪ɅƇȷɅƲ٪Ǜȷ٪ǍƲǾƲȯƇǳǳɬ٪ƇɥƲȯȷǛɥƲ٪حɅǕǛǾǯ٪ƇƣȉɍɅ٪ȷȬȉǛǳƲƫ٪

ǌȉȉƫȷؙخ٪ɦƲ٪ƇɥȉǛƫ٪ǛǾǍƲȷɅǛǾǍ٪ƲɫƤƲȷȷ٪ƇƤǛƫȷؘ٪¯ƇǳɅɬ٪ɅƇȷɅƲ٪Ǜȷ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ɥƇȯǛȉɍȷ٪ȷƇǳɅȷ٪

such as sodium chloride. Intake of sodium is important for maintaining the body’s 

water and electrolyte balance. Many poisonous organic substances taste bitter. Bitter 

taste thus warns us against ingestion. Umami, the taste of glutamate, refers to the 

protein content of foods.

Figure 2. %ǛǌǌƲȯƲǾɅ٪ȷƲǾȷȉȯɬ٪ǼȉƫƇǳǛɅǛƲȷ٪ƇǾƫ٪ȬƇɅǕɦƇɬȷ٪ǛǾɥȉǳɥƲƫ٪ǛǾ٪ǌȉȉƫ٪˛Ƈɥȉȯ٪ȬƲȯƤƲȬɅǛȉǾؘ٪UǼƇǍƲ٪ɦƇȷ٪
created with BioRender.

Taste perception starts when taste receptor cells are activated by chemical stimuli. 

½ǕƲȷƲ٪ɅƇȷɅƲ٪ȯƲƤƲȬɅȉȯȷ٪ƤƲǳǳȷ٪ƇȯƲ٪ǼȉƫǛ˚Ʋƫ٪ƲȬǛɅǕƲǳǛƇǳ٪ƤƲǳǳȷؙ٪ɦǕǛƤǕ٪ƇȯƲ٪ƤǳɍȷɅƲȯƲƫ٪ǛǾ٪ǍȯȉɍȬȷ٪

of 50 to 100 to form taste buds 42. Taste buds are mostly located in gustatory papillae 

on the tongue, which can be fungiform, vallate, or foliate papillae. Each taste bud 

consist of several type cell types, each having their own function 41. Type I cells, which 

are most abundant, are involved in ion redistribution and neurotransmitter clearance. 

Probably, type I cells play a role in salty taste perception. Type II cells are G-protein-

coupled receptors that respond to sweet, bitter, and umami taste. Moreover, type II 

1
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ƤƲǳǳȷ٪ǛǾƫɍƤƲ٪ɅǕƲ٪ȯƲǳƲƇȷƲ٪ȉǌ٪ƇƫƲǾȉȷǛǾƲ٪ɅȯǛȬǕȉȷȬǕƇɅƲ٪ؘخ¤½�ح٪½ɬȬƲ٪UUU٪ƤƲǳǳȷ٪ƇȯƲ٪ǼȉȯƲ٪ǾƲɍȯȉǾع

like or pre-synaptic cells. These cells respond to sour taste molecules. Taste signals are 

ƫǛȷɅȯǛƣɍɅƲƫ٪Ʌȉ٪ɅǕƲ٪ƣȯƇǛǾ٪ɅǕȯȉɍǍǕ٪ɅǕƲ٪ǌƇƤǛƇǳؙ٪ǍǳȉȷȷȉȬǕƇȯɬǾǍƲƇǳؙ٪ƇǾƫ٪ɥƇǍɍȷ٪ǾƲȯɥƲ٪ح�ȯƇǾǛƇǳ٪

vƲȯɥƲ٪ÜUUؙ٪Uâؙ٪ƇǾƫ٪âؙ٪ȯƲȷȬƲƤɅǛɥƲǳɬخ٪ɅǕƇɅ٪ǛǾǾƲȯɥƇɅƲ٪ɅǕƲ٪ɅƇȷɅƲ٪ƣɍƫȷ٪42. These gustatory 

nerves synapse in the nucleus of the solitary tract in the brainstem. From there the 

taste pathway continues to the insula and frontal operculum via the thalamus.

Smell and taste changes during chemotherapy

As described above, smell and taste changes appear to be common and very 

bothersome for childhood cancer patients. Distortions of the chemical senses can 

be categorized into quantitative and qualitative disorders. The former describes 

measurable changes in the detection threshold for odors or tastants through 

ȉƣǬƲƤɅǛɥƲ٪ɅƲȷɅȷ٪حȷɍƤǕ٪Ƈȷ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ƇǾƫ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ɅƲȷɅؙخ٪ƇǾƫ٪ɅǕƲ٪ǳƇɅɅƲȯ٪ǛǾƤǳɍƫƲȷ٪

changes in the perceived quality of odors or tastants through subjective measures 

ؘخ׀٪ƇƣǳƲ½ح٪خɍȷɍƇǳǳɬ٪Ƈ٪ȮɍƲȷɅǛȉǾǾƇǛȯƲح

Table 2. Overview of smell and taste disorders.

Quantitative smell disorders Quantitative taste disorders

Anosmia Complete loss of smell function Ageusia Complete loss of taste function

Hyposmia Reduced smell function Hypogeusia Reduced taste function

Hyperosmia Enhanced smell function Hypergeusia Enhanced taste function

Qualitative smell disorders Qualitative taste disorders

Parosmia Distorted smell perception Dysgeusia Distorted taste perception

Phantosmia Smell perception in absence of 
a stimulus

Phantogeusia Taste perception in absence of 
a stimulus

Smell and taste disorders may result from aging, viral infections, head trauma, 

neurological diseases, exposure to toxic substances or medication 43. However, cancer 

itself – including side effects from its treatment – is another potential cause of smell 

and taste distortions 29. It is not completely clear what causes these distortions, as 

previous studies were performed in heterogeneous populations regarding cancer 

type, stage of disease, and treatment regimen. Nonetheless, it is well-known that 

chemotherapy and radiotherapy kill rapidly dividing cells and, similar to cancer cells, 

smell and taste receptor cells have high turn-over rates. The average life span of 

Ƈ٪ɅƇȷɅƲ٪ȯƲƤƲȬɅȉȯ٪ƤƲǳǳ٪ Ǜȷ٪ƇȬȬȯȉɫǛǼƇɅƲǳɬ٪ֿ־٪ƫƇɬȷؙ٪ƫƲȬƲǾƫǛǾǍ٪ȉǾ٪ƤƲǳǳ٪ɅɬȬƲ٪حǛؘƲؘؙ٪ɅɬȬƲ٪UU٪
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cells renew every 8 days, whereas type III cells have a longer half-life of 22 days on 

ƇɥƲȯƇǍƲؙخ٪ƇǾƫ٪ȯƲǾƲɦƇǳ٪ȉǌ٪ȉǳǌƇƤɅȉȯɬ٪ȯƲƤƲȬɅȉȯ٪ƤƲǳǳȷ٪ȯƇǾǍƲȷ٪ƣƲɅɦƲƲǾ٪ׁ־٪ƇǾƫ٪ׇ־٪ƫƇɬȷ٪
44-47. It is hypothesized that cell damage induced by radiotherapy or chemotherapy 

might cause either a decrease in the number of receptor cells, or a change in cell 

structure/receptor surface, or an interruption in neural coding 48. In addition, other 

ǌƇƤɅȉȯȷ٪ǛǾ˛ɍƲǾƤǛǾǍ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ǼǛǍǕɅ٪ƣƲ٪ǼƲƫǛƤƇɅǛȉǾȷ٪حȷɍƤǕ٪Ƈȷ٪

ƇǾɅǛƣǛȉɅǛƤȷ٪ȉȯ٪ƇǾɅǛƲǼƲɅǛƤȷؙخ٪Ȭȉȉȯ٪ȉȯƇǳ٪ǕɬǍǛƲǾƲؙ٪ǛǾǌƲƤɅǛȉǾȷؙ٪ȉȯ٪ȯƲƫɍƤƲƫ٪ȷƇǳǛɥƇ٪49.

In adult cancer patients, studies have investigated chemosensory alterations in 

different patient populations such as patients with breast cancer, gynecologic 

malignancies, testicular cancer, or colorectal cancer 50-56ؘ٪�٪ ȷǛǍǾǛ˚ƤƇǾɅ٪ƫƲƤȯƲƇȷƲ٪

in olfactory and gustatory function was found among women with breast cancer 

and gynecologic malignancies, which was completely restored three months after 

chemotherapy 50. Salty taste was affected the most, comparable to a study in testicular 

cancer patients 50, 53ؘ٪�ɅǕƲȯ٪ȷɅɍƫǛƲȷ٪ƫǛƫ٪ǾȉɅ٪˚Ǿƫ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƤǕƇǾǍƲȷ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅؙ٪

or only in subjective perception 54, 55. It is suggested that a broad range of cytotoxic 

ƫȯɍǍȷؙ٪ǛǾƤǳɍƫǛǾǍ٪ƇǳǯɬǳƇɅǛǾǍ٪ƇǾƫ٪ȬǳƇɅǛǾɍǼ٪ƇǍƲǾɅȷ٪حƤɬƤǳȉȬǕȉȷȬǕƇǼǛƫƲؙ٪ƤƇȯƣȉȬǳƇɅǛǾؙ٪

ƇǾƫ٪ ƤǛȷȬǳƇɅǛǾؙخ٪ ɅɍƣɍǳǛǾ٪ ǛǾǕǛƣǛɅȉȯȷ٪ ٪ؙخɥǛǾƤȯǛȷɅǛǾƲح ƇǾɅǛǼƲɅƇƣȉǳǛɅƲȷ٪ ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲؙح

ǼƲɅǕȉɅȯƲɫƇɅƲؙ٪ƇǾƫ٪˛ɍȉȯȉɍȯƇƤǛǳخ٪Ƈȷ٪ɦƲǳǳ٪Ƈȷ٪ɅȉȬȉǛȷȉǼƲȯƇȷƲ٪ǛǾǕǛƣǛɅȉȯȷ٪حƫȉɫȉȯɍƣǛƤǛǾؙخ٪

are associated with taste changes but not with smell changes 29. Moreover, a review 

summarizing the impact of chemosensory changes on eating behavior, showed that 

ƇǳɅƲȯƇɅǛȉǾȷ٪ǛǾ٪ɅƇȷɅƲؙ٪ƣɍɅ٪ǾȉɅ٪ȷǼƲǳǳؙ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇǌǌƲƤɅƲƫ٪ǌȉȉƫ٪ǛǾɅƇǯƲ٪57. Particularly a 

reduced sweet taste sensitivity seems associated with a lower intake of energy and 

protein, avoidance of certain foods, and less appetite. It is important to keep in mind 

that when patients talk about taste changes, they may not be referring to a change 

in taste perception but to a more hedonic change. In such cases, food tastes like it 

always did, but that taste is no longer enjoyed.

When focusing on children with cancer, only a few studies regarding changes in 

smell and taste are available. Changes in taste have been found to be the third most 

common bothersome symptom among children with cancer during treatment, after 

feeling tired and feeling more or less hungry than usual 19. Moreover, approximately 

45% of the children with cancer reported any bothersome changes in taste and 9.6% 

reported severely bothersome changes in taste 58. However, prevalence rates for taste 

changes were based on self-report and cross-sectional study designs. Another study 

found “changes in food taste” not the most frequent, but one of the most distressful 

1
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physical symptoms experienced by children and adolescents with cancer 59. Only few 

studies measured taste function in small samples of children with cancer, comparing 

them with healthy controls but not studying the evolution of taste function during 

treatment. In those studies, higher recognition thresholds for all taste qualities 

have been found, as well as higher threshold for bitter or sour taste only 60-62. Higher 

detection thresholds for sweet and salty have been found in children with leukemia 

ȷȬƲƤǛ˚ƤƇǳǳɬ٪60. Smell function has been studied only once in 10 pediatric bone marrow 

transplantation patients, showing that 20% of the children had smell dysfunction at 

baseline and at 1 month post-transplant, but this was resolved within 2 months after 

transplantation 63. Furthermore, the association between chemosensory changes 

and outcomes such as nutritional status, food intake, and quality of life has not been 

studied before in children with cancer.

SUMMARY AND KNOWLEDGE GAPS

In sum, hardly any evidence was available regarding smell and taste function in 

children with cancer undergoing treatment at the start of this research project. So far, 

ǼȉȷɅ٪ȯƲȷƲƇȯƤǕ٪ɦƇȷ٪ƤȯȉȷȷعȷƲƤɅǛȉǾƇǳؙ٪ƤȉǾƫɍƤɅƲƫ٪ǛǾ٪ȷǼƇǳǳ٪ȷƇǼȬǳƲȷؙ٪ǳǛǼǛɅƲƫ٪Ʌȉ٪Ƈ٪ȷȬƲƤǛ˚Ƥ٪

cancer diagnosis, relying on self-report, and almost always limited to taste changes 

only. However, in clinical practice many children with cancer – and their parents – 

appear to have questions about nutrition, including how to deal with chemosensory 

alterations. Nutritional care should be prioritized in advancing care of children with 

ƤƇǾƤƲȯؙ٪ȬȉɅƲǾɅǛƇǳǳɬ٪ǛǾ˛ɍƲǾƤǛǾǍ٪ƤǳǛǾǛƤƇǳ٪ȉɍɅƤȉǼƲȷ٪ǛǾƤǳɍƫǛǾǍ٪ǛǾǌƲƤɅǛȉǾȷؙ٪ȷɍȯɥǛɥƇǳؙ٪ƇǾƫ٪

health-related quality of life. As smell and taste changes are believed to be of great 

ǛǾ˛ɍƲǾƤƲ٪ȉǾ٪ɅǕƲ٪ƫƇǛǳɬ٪حȮɍƇǳǛɅɬ٪ȉǌخ٪ǳǛǌƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ٪ǛǾƤǳɍƫǛǾǍ٪ɅǕƲ٪ȬǳƲƇȷɍȯƲ٪

of eating, they need to be further investigated.

Several questions arise, such as: What are suitable research methods to investigate 

smell and taste function in seriously ill children and which tests are feasible? How 

big is the problem of smell and taste alterations in childhood cancer? Which children 

are most affected by smell and taste changes? Which smell and taste disorders do 

occur in children with cancer? What is the impact of chemosensory changes on 

children’s live?
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AIMS AND OUTLINE OF THIS THESIS

In response to above-mentioned knowledge gaps, we designed several studies 

٪ƇɅ٪خ׀عƤƇǳǳƲƫ٪¯ƲǾȷȉȯɬ٪ƇǾƫ٪¯-v¯�§ãح ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪tƇɫǛǼƇ٪�ƲǾɅƲȯ٪ ǛǾ٪ÄɅȯƲƤǕɅؙ٪ ɅǕƲ٪

Netherlands. The general aim of these studies was to explore smell and taste 

function in children with cancer undergoing chemotherapy. Knowledge regarding 

the prevalence, severity, duration, and impact of smell and taste changes in children 

with cancer undergoing chemotherapy allows for better information at the start of 

treatment on what to expect with regard to smell and taste changes. Ultimately, 

this research aimed to provide children and their parents with more science based 

nutritional recommendations, thereby improving patient-centered care.

In chapter 2 , all available evidence regarding taste dysfunction in children and 

assessment methods is summarized in a review. Interestingly, a lot of research 

ǕƇȷ٪ƣƲƲǾ٪ȬƲȯǌȉȯǼƲƫ٪ȉǾ٪ȉǳǌƇƤɅȉȯɬ٪حƫɬȷخǌɍǾƤɅǛȉǾ٪ƇǾƫ٪ƇɥƇǛǳƇƣǳƲ٪ƇȷȷƲȷȷǼƲǾɅ٪Ʌȉȉǳȷ٪ǛǾ٪

childhood 64, 65. However, it was largely unclear which etiologies in childhood might 

cause taste dysfunction, which tests are available to quantify such a disorder in 

children, and what tools are suitable to use in clinical practice.

Chapter 3٪ƫƲȷƤȯǛƣƲȷ٪ɅǕƲ٪ƫƲɥƲǳȉȬǼƲǾɅ٪ȉǌ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ǌȉȯ٪Ƈ٪ɅƇȷɅƲ٪ɅƲȷɅ٪حǛؘƲؘؙ٪ن½ƇȷɅƲ٪

¯ɅȯǛȬȷخه٪ǛǾ٪ȉȯƫƲȯ٪Ʌȉ٪ƫǛȷɅǛǾǍɍǛȷǕ٪ǾȉȯǼƇǳ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǌȯȉǼ٪Ƈ٪ȯƲƫɍƤƲƫ٪ȷƲǾȷƲ٪ȉǌ٪ɅƇȷɅƲ٪ǛǾ٪

Ƈ٪ȬƲƫǛƇɅȯǛƤ٪ƤǳǛǾǛƤƇǳ٪ȷƲɅɅǛǾǍؘ٪�ȬƇȯɅ٪ǌȯȉǼ٪ƲȷɅƇƣǳǛȷǕǛǾǍ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷؙ٪ɅǕƲ٪ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪

sex, age, and PROP taster status was investigated. As normative values for children 

were lacking for the Taste Strips test, results of this study bolster the clinical utility 

of this test.

In chapter 4, the presence and severity of self-reported nausea and nausea-

ȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƫɍȯǛǾǍ٪ɅǕƲǛȯ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾƫ٪

ǛɅȷ٪ȯƲǳƇɅǛȉǾȷǕǛȬ٪ɦǛɅǕ٪ǕƲƇǳɅǕ٪ȯƲǳƇɅƲƫ٪ȮɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ٪حO§¦ȉjخ٪Ǜȷ٪ǛƫƲǾɅǛ˚Ʋƫؘ٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪

ȬȉɅƲǾɅǛƇǳ٪ȯǛȷǯ٪ǌƇƤɅȉȯȷ٪ƇȯƲ٪ƫƲȷƤȯǛƣƲƫؘ٪%ƇɅƇ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪

tȉƫɍǳƲ٪ɦƇȷ٪ɍȷƲƫ٪حȬȯȉɫɬعȯƲȬȉȯɅׅع׀٪؛٪ɬƲƇȯȷؙ٪ȷƲǳǌعȯƲȬȉȯɅֿ׀ع׆٪؛٪ɬƲƇȯȷؙخ٪ƤȉǾȷǛȷɅǛǾǍ٪ȉǌ٪ɅǕƲ٪

following items: nausea during medical treatment, food not tasting good, nausea 

while thinking of medical treatment, being too nauseous to eat, and nausea caused 

by food/smells. For this thesis, the items “food not tasting good” and “nausea caused 

by food/smells” were of special interest.

1
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Chapter 5 shows the results of a feasibility study which aimed to investigate whether 

psychophysical smell and taste assessments can be obtained without unpleasant 

side effects in children with cancer. Taste and smell function, fungiform papillae 

ƫƲǾȷǛɅɬؙ٪ƇǾƫ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ɦƲȯƲ٪ǼƲƇȷɍȯƲƫ٪ƣƲǌȉȯƲ٪خֿ½ح٪ƇǾƫ٪ƇǌɅƲȯ٪خ׀½ح٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪

chemotherapy. In addition to feasibility assessment, smell and taste data of patients 

ɦƇȷ٪ƤȉǼȬƇȯƲƫ٪ֿخ٪ƣƲǌȉȯƲ٪ƇǾƫ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ؛٪ƇǾƫ٪خ׀٪Ʌȉ٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷؘ

In chapter 6, the results of a prospective longitudinal cohort study are described. 

Smell and taste function were assessed at several time points during active treatment 

ƇǾƫ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅǕƲ٪ǳƇȷɅ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حȉȯ٪ƫɍȯǛǾǍ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ǛǾ٪ɅǕƲ٪ƤƇȷƲ٪

ȉǌ٪ƇƤɍɅƲ٪ǳɬǼȬǕȉƣǳƇȷɅǛƤ٪ǳƲɍǯƲǼǛƇ؛٪�jjؘخ٪½ǕǛȷ٪ȷɅɍƫɬ٪ƇǛǼƲƫ٪Ʌȉ٪ƫƲɅƲȯǼǛǾƲ٪ɅǕƲ٪ƫɬǾƇǼǛƤȷ٪

of smell and taste function in children with cancer during and after chemotherapy, 

including factors contributing to these changes and whether any tested changes in 

taste and smell function correspond with self-reported changes in taste and smell.

Chapter 7 describes the results of our qualitative study into the impact of changes in 

smell, taste, and eating behavior in children with cancer. Children with cancer were 

invited to share their experiences about topics such as the nature and timing of smell 

and taste changes in semi-structured interviews. As it was still unclear what makes 

these changes bothersome to children with cancer and what impact they have on 

their daily lives, these aspects were also thoroughly investigated.

Chapter 8 consists of an overall summary and general discussion. Most relevant 

˚ǾƫǛǾǍȷ٪ ƇȯƲ٪ ȷɍǼǼƇȯǛɶƲƫؙ٪ ɅǕƲ٪ ǛǼȬǳǛƤƇɅǛȉǾȷ٪ ǌȉȯ٪ ƤǳǛǾǛƤƇǳ٪ ȬȯƇƤɅǛƤƲ٪ ƇȯƲ٪ ɅǕȉȯȉɍǍǕǳɬ٪

discussed, and future studies or perspectives are suggested. It also includes a 

discussion of the strengths, methodological considerations, and limitations of the 

studies described in this thesis.

Chapter 9٪Ǜȷ٪ɅǕƲ٪ƤȉǾƤǳɍƫǛǾǍ٪ƤǕƇȬɅƲȯ٪ǛǾ٪ɦǕǛƤǕ٪U٪ƣȯǛƲ˛ɬ٪ƫǛȷƤɍȷȷ٪ɅǕƲ٪حȬȉɅƲǾɅǛƇǳخ٪ȷƤǛƲǾɅǛ˚Ƥ٪

ǛǼȬƇƤɅ٪ȉǌ٪ɅǕƲ٪ȯƲȷƲƇȯƤǕؘ٪½ǕƲ٪ȯƲǳƲɥƇǾƤƲ٪ƇǾƫ٪ɍɅǛǳǛɅɬ٪ȉǌ٪ɅǕƲ٪ǼƇǛǾ٪˚ǾƫǛǾǍȷ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪

with cancer and their families, society, and health care professionals is addressed, 

listing recommendations to improve children’s quality of life and bolster professional 

quality of care, ending with an overall conclusion.
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Chapter 2

ABSTRACT

Taste dysfunction has been associated with aging and is therefore thought to be 

ǳƲȷȷ٪ƤȉǼǼȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾؘ٪OȉɦƲɥƲȯؙ٪ƤǕǛǳƫȯƲǾ٪ƤƇǾ٪ǌƇƤƲ٪ǼƲƫǛƤƇǳ٪ƤȉǾƫǛɅǛȉǾȷ٪ǛǾ˛ɍƲǾƤǛǾǍ٪

their taste function. Measuring and understanding taste dysfunction in children 

may foster the development of treatments/interventions mitigating the detrimental 

effects of taste dysfunction on children’s appetite and quality of life. But measuring 

ǳȉȷȷ٪ȉǌ٪ ɅƇȷɅƲ٪ ǌɍǾƤɅǛȉǾ٪ ȯƲȮɍǛȯƲȷ٪ ƇƫƲȮɍƇɅƲ٪ Ʌȉȉǳȷؘ٪ ½ǕǛȷ٪ ȯƲɥǛƲɦ٪ɦƇȷ٪ ƤȉǾƫɍƤɅƲƫ٪ Ʌȉ٪ ٪خֿ

ȬȯȉɥǛƫƲ٪ƇǾ٪ȉɥƲȯɥǛƲɦ٪ȉǌ٪ƲɅǛȉǳȉǍǛƲȷ٪حǛؘƲؘؙ٪ƫǛȷƲƇȷƲ٪ƇǾƫ٪ǛƇɅȯȉǍƲǾǛƤخ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ɅƇȷɅƲ٪

ƫɬȷǌɍǾƤɅǛȉǾ٪ǛǾ٪Ƈ٪ȬƲƫǛƇɅȯǛƤ٪ȬȉȬɍǳƇɅǛȉǾخ׀٪؛٪Ʌȉ٪ǛǾɥƲȷɅǛǍƇɅƲ٪ɦǕǛƤǕ٪Ʌȉȉǳȷ٪حȬȷɬƤǕȉȬǕɬȷǛƤƇǳ٪

ɅƲȷɅȷ٪ƇǾƫ٪ȮɍƲȷɅǛȉǾǾƇǛȯƲȷخ٪ƇȯƲ٪ƇɥƇǛǳƇƣǳƲ٪Ʌȉ٪ƇȷȷƲȷȷ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾ؛٪ƇǾƫ٪ׁخ٪Ʌȉ٪

identify what tools can be and are actually used in clinical practice. It is concluded 

that only a minority of available tools to assess taste function in children are readily 

suitable for a pediatric clinical setting. Considering the profound impact of taste 

dysfunction in the pediatric setting, developing and implementing a standard taste 

test that is sensitive, simple, and practical to use with children is pertinent.

Keywords children, psychophysical test, taste, taste dysfunction, self-report
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Taste dysfunction in children – a clinical perspective and review of assessment methods 

INTRODUCTION

The chemical senses – smell and taste – are important regarding food intake, safety, 

and quality of life 1, 2. That is as true for children as it is for adults. However, most 

individuals do not acknowledge the importance of their chemical senses until they 

lose it. It should be noted that individuals complaining of taste problems often 

suffer from smell loss in the absence of any true taste dysfunction, as differentiating 

ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷ٪ǌȯȉǼ٪ȷǼƲǳǳ٪ ǳȉȷȷ٪ Ǜȷ٪ƫǛǌ˚ƤɍǳɅ٪ 3. In general, taste disorders are rare 

and have been reported in only 5% of the population 4. Little is known about taste 

dysfunction in children. In general, it is thought to be very rare as taste disturbances 

ƇȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ƇǍǛǾǍ٪ƇǾƫ٪ȉɅǕƲȯ٪ǌƇƤɅȉȯȷ٪ȷɍƤǕ٪Ƈȷ٪حƤǕȯȉǾǛƤخ٪ǼƲƫǛƤƇɅǛȉǾ٪ɍȷƲ٪ȉȯ٪

exposure to toxic substances 5.

½ƇȷɅƲ٪ƫɬȷǌɍǾƤɅǛȉǾ٪Ǜȷ٪ɍǾƤȉǼǼȉǾ٪ǛǾ٪ɅǕƲ٪ǍƲǾƲȯƇǳ٪ȬȉȬɍǳƇɅǛȉǾؙ٪ƣɍɅ٪حɅƲǼȬȉȯƇȯɬخ٪ǳȉȷȷ٪ȉǌ٪

taste function is quite prevalent in the clinical setting as it can arise from a wide 

variety of diseases and/or treatments. Previous work in adults has shown that 

taste dysfunction is most often the result of disorders of the oral cavity, middle ear 

infections or surgery, trauma, Bell’s palsy, systemic disturbances of metabolism 

such as diabetes mellitus, or cancer and its treatment 6. More recently, taste loss has 

ƣƲƤȉǼƲ٪ƇǾ٪ǛǼȬȉȯɅƇǾɅ٪ȷɬǼȬɅȉǼ٪ȉǌ٪ɅǕƲ٪ƤȉȯȉǾƇɥǛȯɍȷ٪ƫǛȷƲƇȷƲ٪ح٪ׇֿ־׀��ÜU%خׇֿع٪ǛǾǌƲƤɅǛȉǾ٪
7. Further, several medications used alone or in combination have been reported to 

potentially change taste function or induce an unusual taste sensation. These include 

ɥƲȯɬ٪ƫǛǌǌƲȯƲǾɅ٪ƣɍɅ٪ƤȉǼǼȉǾǳɬ٪ȬȯƲȷƤȯǛƣƲƫ٪ƫȯɍǍȷ٪ǳǛǯƲ٪ƇȷȬǛȯǛǾ٪حƇǾ٪ƇǾƇǳǍƲȷǛƤؙخ٪ȷǛǼɥƇȷɅƇɅǛǾ٪

.8٪خƇǾ٪ƇǾɅǛƣǛȉɅǛƤح٪ƇǾƫ٪ƇǼȉɫɬƤǛǳǳǛǾ٪ؙخƇǾ٪ƇǾɅǛǳǛȬǛƫƲǼǛƤح

Like adult patients, children can suffer from a medical condition that will cause taste 

dysfunction, consequently affecting food intake and quality of life 9. Presumably, 

the detrimental impact of such dysfunction might be larger in children, as their 

ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ƇǾƫ٪ǌȉȉƫ٪ȬȯƲǌƲȯƲǾƤƲȷ٪ƇȯƲ٪ȷɅǛǳǳ٪ƫƲɥƲǳȉȬǛǾǍ٪ƇǾƫ٪ƇȯƲ٪ȷɅȯȉǾǍǳɬ٪ǛǾ˛ɍƲǾƤƲƫ٪

by input from the chemical senses. Therefore, the assessment of taste function in 

childhood is important, as diagnosis and characterization of taste loss may foster 

the development of more appropriate supportive strategies such as medication or 

dietary advice 10. Note that a comprehensive assessment of taste function should 

Ƈǳȷȉ٪ǛǾƤǳɍƫƲ٪ǼƲƇȷɍȯǛǾǍ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪Ƈȷ٪ɦƲǳǳ٪حǌȉȯ٪ȯƲɥǛƲɦȷ٪ƇƣȉɍɅ٪ǼƲƇȷɍȯǛǾǍ٪ȉǳǌƇƤɅǛȉǾ٪

in children, see 11, 12ؘخ

2
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Over the past decades, several assessment methods have become available to assess 

taste function in adults. “Taste Strips” or taste solution drop tests are frequently used 

in a clinical setting to evaluate sensitivity to sweet, sour, salty, and bitter taste 13-16. It 

ȷǕȉɍǳƫ٪ƣƲ٪ǾȉɅƲƫ٪ɅǕƇɅ٪ȉǾǳɬ٪¤ǛǾǍƲǳ٪ƇǾƫ٪ƤȉǳǳƲƇǍɍƲȷ٪ǛǾƤǳɍƫƲƫ٪Ƈ٪ȷƇǼȬǳƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪حƇǍƲ٪

٪ƣƇȷƲƫ٪ɅƇȷɅƲ٪ɅƲȷɅ٪ƇǾƫ٪ȬȯȉɥǛƫƲƫعɦǛɅǕ٪ɅǕƲ٪ƫƲɥƲǳȉȬǼƲǾɅ٪ȉǌ٪ɅǕƲǛȯ٪ȷȉǳɍɅǛȉǾ٪خɬƲƇȯȷ٪׃ֿ٪ػ٪׃

normative values for this age category.

vƲɫɅ٪Ʌȉ٪ɅƇȷɅƲ٪ȷȉǳɍɅǛȉǾȷ٪ɅƲȷɅȷؙ٪ƲǳƲƤɅȯȉǍɍȷɅȉǼƲɅȯɬ٪ح-Gtخ٪Ǜȷ٪ɍȷƲƫ٪Ʌȉ٪ƇȷȷƲȷȷ٪ƫƲɅƲƤɅǛȉǾ٪

thresholds. With EGM, a probe is touched to the tongue through which a small 

electric current is applied that can evoke a sour/metallic taste sensation. EGM then 

does not depend on identifying taste qualities, but does allow for determining 

threshold measures 17. In addition, questionnaires including patient-reported 

experiences can be useful for recognition of taste loss or further characterization 

of a taste disorder.

In sum, little is known about taste dysfunction in childhood. Some etiologies of taste 

dysfunction in adults may also apply to children, while others don’t. In addition, there 

seems to be a variety of taste function assessment tools available, at least for adults. 

However, the question remains what tools can be readily applied in a clinical setting 

where it is important to be able to diagnose potential taste dysfunction and to gain 

insight in the severity of any taste dysfunction. In other words, it is still unclear how 

taste function – or dysfunction – can be adequately assessed in a pediatric clinical 

ȷƲɅɅǛǾǍؘ٪½ǕƲȯƲǌȉȯƲؙ٪ɅǕǛȷ٪ȯƲɥǛƲɦ٪ɦƇȷ٪ƤȉǾƫɍƤɅƲƫ٪Ʌȉ٪ֿخ٪ȬȯȉɥǛƫƲ٪ƇǾ٪ȉɥƲȯɥǛƲɦ٪ȉǌ٪ƲɅǛȉǳȉǍǛƲȷ٪

ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ɅƇȷɅƲ٪ƫɬȷǌɍǾƤɅǛȉǾ٪ǛǾ٪Ƈ٪ȬƲƫǛƇɅȯǛƤ٪ȬȉȬɍǳƇɅǛȉǾخ׀٪؛٪Ʌȉ٪ǛǾɥƲȷɅǛǍƇɅƲ٪ɦǕǛƤǕ٪

Ʌȉȉǳȷ٪حȬȷɬƤǕȉȬǕɬȷǛƤƇǳ٪ɅƇȷɅƲ٪ɅƲȷɅȷ٪ǼƲƇȷɍȯǛǾǍ٪ɅǕȯƲȷǕȉǳƫȷ٪ȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȷƤȉȯƲȷ٪ƇǾƫ٪

ȮɍƲȷɅǛȉǾǾƇǛȯƲȷخ٪ƇȯƲ٪ƇɥƇǛǳƇƣǳƲ٪Ʌȉ٪ȮɍƇǾɅǛǌɬ٪ ɅƇȷɅƲ٪ ٪ǌɍǾƤɅǛȉǾخƫɬȷح ǛǾ٪ƤǕǛǳƫȯƲǾ؛٪ƇǾƫ٪ׁخ٪ Ʌȉ٪

identify what tools can be and are actually used in clinical practice. Taste tests including 

hedonic evaluation or taste intensity ratings are not discussed in this review as they 

ƇȯƲ٪ǳƲȷȷ٪ǌȯƲȮɍƲǾɅǳɬ٪ɍȷƲƫ٪ǌȉȯ٪ƇȷȷƲȷȷǛǾǍ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪حȉȯ٪ɅƇȷɅƲ٪ǳȉȷȷخ٪ǛǾ٪Ƈ٪ƤǳǛǾǛƤƇǳ٪ȷƲɅɅǛǾǍؘ
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TASTE DYSFUNCTION IN CHILDHOOD

As displayed in Table 1, taste dysfunction is associated with several clinical disorders 

ǛǾ٪ƤǕǛǳƫȯƲǾؘ٪̄ ɅɍƫǛƲȷ٪ƲɫƇǼǛǾǛǾǍ٪ǼƲƫǛƤƇǳ٪ƤȉǾƫǛɅǛȉǾȷ٪ɅǕƇɅ٪ǼǛǍǕɅ٪ǛǾ˛ɍƲǾƤƲ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪

in children can be grouped into the following categories: otolaryngology, oncology, 

ȉƣƲȷǛɅɬؙ٪ȷɬȷɅƲǼǛƤ٪ƫǛȷƲƇȷƲȷ٪حƲɫƤǳɍƫǛǾǍ٪ȉǾƤȉǳȉǍɬ٪ƇǾƫ٪ȉƣƲȷǛɅɬؙخ٪ƇǾƫ٪ȉɅǕƲȯ٪ƤȉǾƫǛɅǛȉǾȷؘ٪

¯ȉǼƲ٪ȷɅɍƫǛƲȷ٪ƫȉ٪ȷǕȉɦ٪ƇǾ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ƣƲɅɦƲƲǾ٪Ƈ٪ȷȬƲƤǛ˚Ƥ٪ǼƲƫǛƤƇǳ٪ƫǛȷȉȯƫƲȯ٪حƇǾƫإȉȯ٪

ǛɅȷ٪ɅȯƲƇɅǼƲǾɅخ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾؘ٪OȉɦƲɥƲȯؙ٪ȯƲȷɍǳɅȷ٪ƇȯƲ٪ǾȉɅ٪ƇǳɦƇɬȷ٪ƤǳƲƇȯع

cut and occasionally no apparent association between disorder and taste function 

is found.

Regarding otolaryngology, taste loss is a potential risk as infections or surgical 

interventions may affect the gustatory nerves. However, children with recurrent 

tonsillitis showed no impaired taste function compared to controls 18. This was an 

ɍǾƲɫȬƲƤɅƲƫ٪̊ ǾƫǛǾǍ٪Ƈȷ٪ȯƲȬƲƇɅƲƫ٪ɅȉǾȷǛǳǳƇȯ٪ǛǾǌƲƤɅǛȉǾȷ٪ǼǛǍǕɅ٪ƇǌǌƲƤɅ٪ɅǕƲ٪ǍǳȉȷȷȉȬǕƇȯɬǾǍƲƇǳ٪

nerve. Another study did show reduced taste ability in children with chronic otitis 

ǼƲƫǛƇ٪Ƈȷ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ƤȉǾɅȯȉǳȷؘ٪�ǕȯȉǾǛƤ٪ȉɅǛɅǛȷ٪ǼƲƫǛƇ٪ȯƲǌƲȯȷ٪Ʌȉ٪ǛǾ˛ƇǼǼƇɅǛȉǾ٪ȉǌ٪ɅǕƲ٪

middle ear cavity that injures the chorda tympanic nerve 19. In addition, Leung and 

ƤȉǳǳƲƇǍɍƲȷ٪ǌȉɍǾƫ٪Ƈ٪ɦǛƫƲ٪ȯƇǾǍƲ٪ȉǌ٪ɅƇȷɅƲ٪ƫɬȷǌɍǾƤɅǛȉǾ٪خڤ־׃٪ػ٪׃ح٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǕȉ٪

underwent otologic surgery, depending on the technique used, compared to taste 

dysfunction in the general pediatric population 20.

Childhood cancer and its treatment seems to change taste function in children 

with cancer. However, results are equivocal and hard to compare, as studies differ 

in assessment methods, timing of the measurements, and types of cancer. Four 

ȷɅɍƫǛƲȷ٪ɦƲȯƲ٪ȬƲȯǌȉȯǼƲƫ٪ǛǾ٪ȬƲƫǛƇɅȯǛƤ٪ȉǾƤȉǳȉǍɬ٪ȬƇɅǛƲǾɅȷؙ٪ǛǾɥƲȷɅǛǍƇɅǛǾǍ٪ɅǕƲ٪ǛǾ˛ɍƲǾƤƲ٪

of chemotherapy or blood and marrow transplantation on taste function. A higher 

threshold for bitter taste, and more taste recognition errors, has been found among 

children receiving chemotherapy compared to controls 24. In contrast, we found that 

children with a wide number of cancer diagnoses receiving chemotherapy are better 

at identifying sour taste than healthy controls. In addition, we found indications that 

bitter and sweet taste sensitivity increases in children from before to after a cycle of 

chemotherapy 27. Regarding blood and marrow transplantation, a decreased taste 

function has been found in children with cancer shortly after blood and marrow 

transplantation, but this impaired sense of taste resolved within two and six months, 

respectively, after transplantation 25, 26.
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Taste dysfunction in children – a clinical perspective and review of assessment methods 

Taste function of children with obesity also seems to be different from healthy controls, 

but again, results are inconsistent and differ regarding taste qualities. Seven studies 

ƇȷȷƲȷȷƲƫ٪ɅǕƲ٪ȯƲǳƇɅǛȉǾ٪ƣƲɅɦƲƲǾ٪ȉƣƲȷǛɅɬ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾؘ٪UǾ٪˚ɥƲ٪ȷɅɍƫǛƲȷؙ٪

taste function of children with obesity was compared to healthy controls. Although 

results seem to differ regarding individual taste qualities, overall taste function of 

children with obesity is reported to be lower compared to controls in three studies 
35-37. In addition, 47% to 77% of the children with obesity showed taste detection 

thresholds below the normal range values as measured with electrogustometry 
33ؘ٪tȉȯƲ٪ȯƲƤƲǾɅǳɬؙ٪OƲȯɶ٪ƇǾƫ٪ƤȉǳǳƲƇǍɍƲȷ٪ǌƇǛǳƲƫ٪Ʌȉ٪˚Ǿƫ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪

between children who are overweight/obese and controls 38. Moreover, in one study 

a higher sensitivity to sweet and salty taste among children with obesity was found 
34ؘ٪½ǕƲ٪ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪Ƈ٪ǳǛǌƲȷɅɬǳƲ٪ɦƲǛǍǕɅ٪ǼƇǾƇǍƲǼƲǾɅ٪ǛǾɅƲȯɥƲǾɅǛȉǾ٪ȉǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪

in children with obesity has also been studied. Improved bitter sensitivity, umami 

sensitivity, and overall taste function was reported 39, whereas improvements in sour 

taste detection and deterioration in sweet taste detection have been reported after 

a lifestyle weight management intervention as well 36.

¯ɬȷɅƲǼǛƤ٪ƫǛȷƲƇȷƲȷ٪ǛǾ٪ƤǕǛǳƫǕȉȉƫ٪حƲɫƤǳɍƫǛǾǍ٪ȉǾƤȉǳȉǍɬ٪ƇǾƫ٪ȉƣƲȷǛɅɬخ٪ɅǕƇɅ٪ǼǛǍǕɅ٪ǛǾ˛ɍƲǾƤƲ٪

taste function, and probably food preferences and dietary intake as well, include 

ƤɬȷɅǛƤ٪˚ƣȯȉȷǛȷؙ٪ƫǛƇƣƲɅƲȷ٪ǼƲǳǳǛɅɍȷ٪ɅɬȬƲ٪ֿؙ٪ƇǾƫ٪ǯǛƫǾƲɬ٪ƫǛȷƲƇȷƲؘ٪½ƇȷɅƲ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȉǌ٪

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤɬȷɅǛƤ٪˚ƣȯȉȷǛȷ٪ɦƇȷ٪ȷǛǼǛǳƇȯ٪Ʌȉ٪ǕƲƇǳɅǕɬ٪ƤǕǛǳƫȯƲǾ٪28. Children with type 

1 diabetes, however, showed a lower ability to correctly identify taste qualities 

compared to controls, especially for bitter and sour taste 29. Children with chronic 

ǯǛƫǾƲɬ٪ƫǛȷƲƇȷƲ٪ح�g%خ٪ƲɫǕǛƣǛɅƲƫ٪Ƈ٪ǳȉɦƲȯ٪ɅƇȷɅƲ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇƣǛǳǛɅɬ٪ɅǕƇǾ٪ƤǳǛǾǛƤƇǳ٪ƤȉǾɅȯȉǳȷ٪
31. Another study found that taste function diminishes especially the ability to taste 

ȷɦƲƲɅ٪ƇǾƫ٪ƣǛɅɅƲȯؙ٪ ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�g%٪ɦǕƲǾ٪ɅǕƲǛȯ٪ƲȷɅǛǼƇɅƲƫ٪ǍǳȉǼƲȯɍǳƇȯ٪˚ǳɅȯƇɅǛȉǾ٪

ȯƇɅƲ٪حƲGF§خ٪ƫƲƤȯƲƇȷƲȷ٪30.

Other conditions in which taste function might be impacted are summarized in this 

section. Detection thresholds of children with asthma were different from healthy 

children, requiring higher concentrations of sucrose and urea to perceive the taste 

for children with asthma 21. Moreover, children with autism spectrum disorder can 

display extreme food selectivity 40, which perhaps is partly the result of abnormal 

taste function. But in children with autism, no differences in detection thresholds 

were found relative to controls, although they were less able to correctly identify 

sour taste 22ؘ٪�tGؙ٪ƇǾ٪ǛǾ˛ƇǼǼƇɅȉȯɬ٪ƫǛȷȉȯƫƲȯؙ٪ƇǌǌƲƤɅȷ٪ɅǕƲ٪ɅȉǾǍɍƲؘ٪OȉɦƲɥƲȯؙ٪ɅƇȷɅƲ٪

2
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function of children with BMG was not impaired 23. Lastly, taste function after surgical 

ɅȉǾǍɍƲ٪ȯƲƫɍƤɅǛȉǾ٪ɦƇȷ٪ƲɥƇǳɍƇɅƲƫ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƇǾ٪ȉɥƲȯǍȯȉɦɅǕ٪ƫǛȷȉȯƫƲȯ٪ح�ƲƤǯɦǛɅǕع

ÝǛƲƫƲǼƇǾǾ٪ȷɬǾƫȯȉǼƲخ٪ɅǕƇɅ٪ƤƇɍȷƲȷ٪ǼƇƤȯȉǍǳȉȷȷǛƇ٪32. No long-term consequences 

regarding taste function were found in this group of patients either.

In sum, there is clear evidence that certain childhood diseases, conditions or medical 

treatments affect children’s taste function. However, it is not always clear what that 

altered taste function comprises.

TASTE ASSESSMENT IN CHILDHOOD

General aspects

Taste cells begin to form at 7 or 8 weeks of gestation 41. The sense of taste is 

anatomically well-developed at birth, however, it still develops over the lifespan. 

Fȉȯ٪ƲɫƇǼȬǳƲؙ٪ǾƲȉǾƇɅƲȷ٪ƇȯƲ٪ƇǳȯƲƇƫɬ٪ƇƣǳƲ٪Ʌȉ٪ȯƲƇƤɅ٪Ʌȉ٪ȬǳƲƇȷɍȯƇƣǳƲ٪حȷɦƲƲɅخ٪ƇǾƫ٪ƇɥƲȯȷǛɥƲ٪

٪ƣǛɅɅƲȯؙح ȷȉɍȯخ٪ ɅƇȷɅƲ٪ ȷɅǛǼɍǳǛؙ٪ ƣɍɅ٪ ɅǕƲɬ٪ ȯƲƇƤɅ٪ǾƲɍɅȯƇǳǳɬ٪ Ʌȉ٪ ȷƇǳɅɬ٪ ɅƇȷɅƲؘ٪ jǛǯǛǾǍ٪ ǌȉȯ٪ ȷƇǳɅ٪

emerges a few months later 42, 43.

It remains unclear whether children have similar abilities as adults to detect various 

taste qualities. Some scholars found that children have similar taste thresholds as 

adults, whereas others report that children have a lower taste sensitivity than adults 
44-46. In addition, there is some evidence that gustation matures a bit faster in girls 46.

Table 2 provides an overview of psychophysical taste tests that have been developed 

ȉȯ٪ƇƫƇȬɅƲƫ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ƣɬ٪ɍȷǛǾǍ٪ƫƲɅƲƤɅǛȉǾ٪ɅǕȯƲȷǕȉǳƫȷ٪حɅǕƲ٪ǳȉɦƲȷɅ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪

of a solution consistently detected as being different from a control, usually 

ɦƇɅƲȯؙخ٪ȯƲƤȉǍǾǛɅǛȉǾ٪ɅǕȯƲȷǕȉǳƫȷ٪حɅǕƲ٪ǳȉɦƲȷɅ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪ȉǌ٪Ƈ٪ȷȉǳɍɅǛȉǾ٪ƤȉǾȷǛȷɅƲǾɅǳɬ٪

ȯƲƤȉǍǾǛɶƲƫ٪Ƈȷ٪ɅǕƲ٪ɅƇȷɅƇǾɅخ٪ȉȯ٪ɅƇȷɅƲ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾؘ٪UǾ٪ǍƲǾƲȯƇǳؙ٪ɅǕƲȷƲ٪ɅƇȷɅƲ٪ɅƲȷɅȷ٪ƤƇǾ٪

be used in both clinical or research settings, although some differences between 

applications should be noted.
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Chapter 2

In a clinical routine, it is of great important that a taste test can be easily administered, 

renders individual scores that can be compared to normative data, has both high 

ȷƲǾȷǛɅǛɥǛɅɬ٪ƇǾƫ٪ǕǛǍǕ٪ȷȬƲƤǛ˚ƤǛɅɬؙ٪ƇǾƫ٪Ǜȷ٪ȯƲǳƇɅǛɥƲǳɬ٪ƣȯǛƲǌؘ٪UǾ٪ɅǕǛȷ٪ȷƲɅɅǛǾǍؙ٪ɅƇȷɅƲ٪ƇȷȷƲȷȷǼƲǾɅ٪

ǳƇȯǍƲǳɬ٪ǌȉƤɍȷƲȷ٪ȉǾ٪ɅǕƲ٪ƲɥƇǳɍƇɅǛȉǾ٪ȉǌ٪ɅǕƲ٪ǌȉɍȯ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪حǛؘƲؘؙ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪

ƇǾƫ٪ ƣǛɅɅƲȯخ٪ Ʌȉ٪ ȷƤȯƲƲǾ٪ ȉȯ٪ ƫǛƇǍǾȉȷƲ٪ ǌȉȯ٪ ɅƇȷɅƲ٪ ƫɬȷǌɍǾƤɅǛȉǾؘ٪ÝǛɅǕǛǾ٪ ɅǕƲ٪ ƤȉǾɅƲɫɅ٪ ȉǌ٪

research, however, any patient taste test scores are often compared with scores 

from a matched, healthy comparison/control group. The goal in such research is 

not to diagnose taste dysfunction, but to qualify and quantify loss of taste function 

ɦǛɅǕǛǾ٪Ƈ٪ȷȬƲƤǛ˚Ƥ٪ȬƇɅǛƲǾɅ٪ȬȉȬɍǳƇɅǛȉǾ٪ɥƲȯȷɍȷ٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷؘ٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ɅǕƲ٪ƲǌǌƲƤɅȷ٪

of genetics, age, or food habits on children’s taste sensitivity are often studied for 

research purposes. Taste tests within such a research setting frequently focus on 

Ƈ٪ȷȬƲƤǛ˚Ƥ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅɬ٪حƲؘǍؘؙ٪ȷɦƲƲɅ٪ɅƇȷɅƲؘخ٪vȉǾƲɅǕƲǳƲȷȷؙ٪ɅǕƲȷƲ٪ǳƇƣȉȯƇɅȉȯɬ٪ɥƇǳǛƫƇɅƲƫ٪

methods used to assess children’s taste sensitivity might still have clinical utility and 

are discussed below alongside clinical tests.

Clinical assessment tools

We found four taste tests and one questionnaire that are available for investigating 

children’s taste function in a clinical setting. Majorana and colleagues aimed to 

ƫƲɥƲǳȉȬ٪Ƈ٪ȷɅƇǾƫƇȯƫǛɶƲƫ٪ƤǳǛǾǛƤƇǳ٪ƲɥƇǳɍƇɅǛȉǾ٪ȉǌ٪ƤǕǛǳƫȯƲǾىȷ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪׀ֿ٪ػ٪׃ح٪ɬƲƇȯȷخ٪
49ؘ٪ ½ɦȉ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾȷ٪ ٪ǕǛǍǕ٪ƇǾƫح ǳȉɦخ٪ȉǌ٪ƲƇƤǕ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅɬ٪ƇȯƲ٪ȬȯȉɥǛƫƲƫ٪ȷƲȯǛƇǳǳɬ٪

ɦǛɅǕ٪ȬǛȬƲɅɅƲȷ٪ƇǾƫ٪ɅǕƲ٪ƤǕǛǳƫ٪ǕƇȷ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ƲƇƤǕ٪ɅƇȷɅƇǾɅ٪حȷɦƲƲɅؙ٪ȷƇǳɅɬؙ٪ȷȉɍȯؙ٪ƣǛɅɅƲȯؙ٪ȉȯ٪

ɦƇɅƲȯؘخ٪½ǕƲ٪ǳȉɦƲȷɅ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪ȉǌ٪ƲƇƤǕ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅɬ٪ɅǕƇɅ٪Ǜȷ٪ƤȉȯȯƲƤɅǳɬ٪ǛƫƲǾɅǛ˚Ʋƫ٪ƇǾƫ٪

distinguished from water is considered a child’s taste threshold. Although this test 

ȷƲƲǼȷ٪ȯƲǳǛƇƣǳƲ٪حɅƲȷɅعȯƲɅƲȷɅ٪ȯƲǳǛƇƣǛǳǛɅɬ؛٪r٪ؙخׂؘׅ־٪ڏ٪ɅǕƲ٪ǳȉɦ٪ǾɍǼƣƲȯ٪ȉǌ٪ɥƇȯǛƇɅǛȉǾȷ٪ǛǾ٪ɅƇȷɅƲ٪

concentrations makes it questionable whether this test can truly detect any taste 

ƫɬȷǌɍǾƤɅǛȉǾؘ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ƫƇɅƇ٪ɦƇȷ٪ȉƣɅƇǛǾƲƫ٪ǌȯȉǼ٪Ƈ٪ȯƲǳƇɅǛɥƲǳɬ٪ȷǼƇǳǳ٪ȷƇǼȬǳƲ٪حn٪خ־ׂ٪ڏ٪

of healthy children and normative data are lacking.

Another simple taste test was developed for children with macroglossia, which is 

caused by an overgrowth disorder 51. These children need to undergo a partial tongue 

ȯƲƫɍƤɅǛȉǾ٪ǛǾ٪ƲƇȯǳɬ٪ǳǛǌƲؙ٪ɦǕǛƤǕ٪ǼǛǍǕɅ٪ǛǾ˛ɍƲǾƤƲ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪½ǕǛȷ٪ɅƲȷɅؙ٪ɦǕǛƤǕ٪ƤȉǾȷǛȷɅȷ٪

ȉǌ٪Ʌɦȉ٪ȬƇȯɅȷؙ٪ƤƇǾ٪ȷɅǛǳǳ٪ƲɥƇǳɍƇɅƲ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ƇǌɅƲȯ٪ȷɍȯǍƲȯɬؘ٪½ǕƲ٪˚ȯȷɅ٪ȬƇȯɅ٪ƫƲɅƲȯǼǛǾƲȷ٪

at what part of the tongue taste perception is optimal, by applying a concentrated 

solution of sucrose, sodium chloride, citric acid, and quinine hydrochloride on each of 

ƲǛǍǕɅ٪ƫǛǌǌƲȯƲǾɅ٪ȯƲǍǛȉǾȷؘ٪½ǕƲ٪ȷƲƤȉǾƫ٪ȬƇȯɅ٪ƫƲɅƲȯǼǛǾƲȷ٪ƤȉȯȯƲƤɅ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȉǌ٪ȷɦƲƲɅؙ٪

sour, salty, and bitter by using three solutions for each taste quality. Again, all eight 
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regions of the tongue are touched with a saturated cotton swab and the child is 

asked what taste is perceived.

A clinical gustatory screening test for school-age children, including a whole-mouth 

and regional task, was developed by Laing and colleagues 52. During both tasks, a 

single suprathreshold taste solution is used for each taste quality which has to be 

ǛƫƲǾɅǛ˚Ʋƫ٪ƣɬ٪ɅǕƲ٪ƤǕǛǳƫ٪ǌȯȉǼ٪Ƈ٪ȷƲɅ٪ȉǌ٪ɅǕȯƲƲ٪ȬǕȉɅȉǍȯƇȬǕȷ٪حȉǾƲ٪ȬǕȉɅȉ٪ȯƲȬȯƲȷƲǾɅȷ٪ɦƇɅƲȯ٪ǛǾ٪

Ƈ٪ǍǳƇȷȷؙ٪Ʌɦȉ٪ȯƲȬȯƲȷƲǾɅ٪ɅƇȷɅƇǾɅȷؘخ٪%ɍȯǛǾǍ٪ɅǕƲ٪ɦǕȉǳƲ٪ǼȉɍɅǕ٪ɅƲȷɅؙ٪ɅǕƲ٪ƤǕǛǳƫ٪ǕƇȷ٪Ʌȉ٪ȷǛȬ٪ƇǾƫ٪

ǛƫƲǾɅǛǌɬ٪ɅǕƲ٪˚ɥƲ٪ȷƇǼȬǳƲȷ٪حȷɍƤȯȉȷƲؙ٪ȷȉƫǛɍǼ٪ƤǕǳȉȯǛƫƲؙ٪ƤǛɅȯǛƤ٪ƇƤǛƫؙ٪ȮɍǛǾǛǾƲ٪ǕɬƫȯȉƤǕǳȉȯǛƫƲؙ٪

ƇǾƫ٪ȬɍȯǛ˚Ʋƫ٪ɦƇɅƲȯؘخ٪%ɍȯǛǾǍ٪ɅǕƲ٪ȯƲǍǛȉǾƇǳ٪ɅƲȷɅؙ٪ɅǕƲ٪ǌȉɍȯ٪ɅƇȷɅƇǾɅȷ٪ƇǾƫ٪Ƈ٪ɦƇɅƲȯ٪ȷƇǼȬǳƲ٪

are presented to each of four regions on the dorsal surface of the tongue, resulting in 

a total of 20 presentations. This simple screening test includes normative data from 

Ƈ٪ǳƇȯǍƲ٪ȷƇǼȬǳƲ٪حn٪خ׀ׁ׀٪ڏ٪ƇǾƫ٪ƤƇǾ٪ƣƲ٪ɍȷƲƫ٪Ʌȉ٪ƫǛƇǍǾȉȷƲ٪ɅƇȷɅƲ٪ƫɬȷǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾؘ

Leung et al. assessed the reliability of electrogustometry in children, in order to 

investigate whether this tool is applicable in a pediatric otolaryngology setting 20. 

-ǳƲƤɅȯȉǍɍȷɅȉǼƲɅȯɬ٪ɦƇȷ٪ ǌȉɍǾƫ٪ Ʌȉ٪ƣƲ٪ ȯƲǳǛƇƣǳƲ٪ �حȯȉǾƣƇƤǕ٪ƇǳȬǕƇ٪خ׀׆ؘ־٪ڏ٪ ǛǾ٪ƤǕǛǳƫȯƲǾ٪

and, with exception of those under the age of six years, most children were able to 

understand instructions and complete the test.

Lastly, one questionnaire regarding taste function in children with cancer receiving 

chemotherapy is available: The Taste Alteration Scale for Children with Cancer 

§ƲƤƲǛɥǛǾǍ٪�ǕƲǼȉɅǕƲȯƇȬɬ٪ع¯�½ح�ȯ�٪ȯƲȬȉȯɅƲƫعǕǛȷ٪ȮɍƲȷɅǛȉǾǾƇǛȯƲ٪ƇǛǼȷ٪Ʌȉ٪ƲɥƇǳɍƇɅƲ٪ȷƲǳǌ½٪ؘخ

taste perception and taste alterations regarding sweet, sour, salty, and bitter among 

children with cancer aged 8 – 18 years 55. This scale includes nine items rated on a 

5-point Likert scale of which seven items address taste dysfunction and two address 

smell dysfunction. Items regarding taste alteration were obtained from a literature 

review and gathered into an item-pool, which was evaluated by experts. Moreover, 

Ƈ٪ɥƇǳǛƫǛɅɬ٪ȷɅɍƫɬ٪حǛǾƤǳɍƫǛǾǍ٪ƤȉǾɅƲǾɅ٪ƇǾƫ٪ƤȉǾȷɅȯɍƤɅ٪ɥƇǳǛƫǛɅɬخ٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪ƇǼȉǾǍ٪

experts and a reliability study was performed to assess internal consistency of the 

ȷƤƇǳƲؘ٪�ȉɅǕ٪�ȯȉǾƣƇƤǕىȷ٪ƇǳȬǕƇ٪ ȯƲǳǛƇƣǛǳǛɅɬ٪ ƤȉƲǌ˚ƤǛƲǾɅ٪ ٪ƇǾƫ٪خ׆׆ؘ־٪ڏ ƇǳȬǕƇح ɅƲȷɅعȯƲɅƲȷɅ٪

ȯƲǳǛƇƣǛǳǛɅɬ٪حr = 0.97, p٪خֿ־ؘ־٪ڒ٪ɦƲȯƲ٪ǕǛǍǕؘ٪½ǕƲ٪½�¯ع�ȯ�٪ƤƇǾ٪ɅǕɍȷ٪ƣƲ٪ƤȉǾȷǛƫƲȯƲƫ٪ɥƇǳǛƫ٪

and reliable.

2
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Other tools

Six other taste assessment methods are listed in Table 2, which can be used in children. 

§ƲƤƲǾɅǳɬؙ٪ƇǾ٪ƲɫɅƲǾȷǛɥƲ٪ȬȯȉɅȉƤȉǳ٪ػ٪ɅǕƲ٪½ƇȷɅƲ٪%ƲɅƲƤɅǛȉǾ٪½ǕȯƲȷǕȉǳƫ٪خ½%½ح٪ɅƲȷɅ٪ػ٪ǌȉȯ٪ȬȯƲȬƇȯǛǾǍ٪

and determining detection thresholds for sucrose, sodium chloride, and monosodium 

ǍǳɍɅƇǼƇɅƲ٪حt¯Gخ٪ɦƇȷ٪ȬɍƣǳǛȷǕƲƫ٪ƇǾƫ٪ɅǕǛȷ٪ȬȯȉɅȉƤȉǳ٪ƤƇǾ٪ƣƲ٪ɍȷƲƫ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪Ƈȷ٪ɬȉɍǾǍ٪Ƈȷ٪

six years 47ؘ٪½ǕƲ٪½%½٪ɅƲȷɅ٪ɍȷƲȷ٪Ƈ٪ɅɦȉعƇǳɅƲȯǾƇɅǛɥƲ٪ǌȉȯƤƲƫعƤǕȉǛƤƲ٪׀ح�F�٪ȷɅƇǛȯƤƇȷƲ٪ȬȯȉƤƲƫɍȯƲؙ٪خ

which has already been employed in children in previous studies 56-58. On average, it 

takes 15 minutes per tastant before a detection threshold is reached.

�ǾȉɅǕƲȯ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ɅƲȷɅؙ٪ǌȉƤɍȷǛǾǍ٪ȉǾ٪ɥƲȯɬ٪ɬȉɍǾǍ٪ƤǕǛǳƫȯƲǾ٪ػ٪ׁح٪ׄ٪ɬƲƇȯȷؙخ٪ǕƇȷ٪ƣƲƲǾ٪

developed in order to measure detection thresholds for sucrose and urea, also using 

a 2AFC staircase procedure 53. Especially in young children, a forced-choice paradigm 

produces more valid results compared to a non-forced procedure. Although a fairy 

tale was used to enhance motivation and engagement during the test, a loss of 

interest over time was noticed by the authors in the participating children.

-ǾǍƇǍǛǾǍ٪ƤǕǛǳƫȯƲǾ٪حƲȷȬƲƤǛƇǳǳɬ٪ɬȉɍǾǍ٪ƤǕǛǳƫȯƲǾخ٪ǛǾ٪Ƈ٪ɅƇȷɅƲ٪ɅƲȷɅ٪Ǜȷ٪ǾȉɅ٪ƲƇȷɬؙ٪ƣɍɅ٪ȷȉǼƲ٪

researchers have developed interesting tests that attempt to involve the young child 

in a playful manner. Knof and colleagues 50, for example, developed a taste detection 

threshold test in which a board game is used and children are addressed as ‘taste 

ƫƲɅƲƤɅǛɥƲȷؘى ٪Fȉȯ٪ƲƇƤǕ٪ɅƇȷɅƇǾɅ٪حȷɍƤȯȉȷƲؙ٪ȷȉƫǛɍǼ٪ƤǕǳȉȯǛƫƲؙ٪ƤƇǌǌƲǛǾƲؙ٪ƇǾƫ٪ǼȉǾȉȷȉƫǛɍǼ٪

ǍǳɍɅƇǼƇɅƲؙخ٪˚ɥƲ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪ȷɅƲȬȷ٪ƇȯƲ٪ǛǾɥƲȷɅǛǍƇɅƲƫؘ٪�ǾȉɅǕƲȯ٪ɅƇȷɅƲ٪ɅƲȷɅ٪ǌȉƤɍȷƲȷ٪ȉǾ٪

ȬȯƲعȷƤǕȉȉǳƲȯȷ٪ػ٪ׁح٪ׂ٪ɬƲƇȯȷخ٪ƇǾƫ٪ɍȷƲȷ٪Ƈ٪ǌƇǛȯɬ٪ɅƇǳƲ٪Ʌȉ٪ǛǾɅȯȉƫɍƤƲ٪˚ɥƲ٪ǼƇǍǛƤ٪ƤǕƇȯƇƤɅƲȯȷ٪

 ɦǕȉ٪Ƈǳǳ٪ƫȯƇǾǯ٪ǼƇǍǛƤ٪ɦƇɅƲȯ٪ɅǕƇɅ٪ƫǛǌǌƲȯƲƫ٪ǛǾ٪ɅƇȷɅƲ٪48. Although both these٪خɅƇȷɅƇǾɅȷح

tests focus on taste sensitivity in healthy children, rather than identifying taste loss, 

these are attractive methods showing good test-retest reliability.

Lastly, two older methods are still frequently used or referred to when measuring 

taste function in children. Firstly, the threshold procedure from Anliker and colleagues 

focuses on the assessment of detection thresholds for the bitter compound 

��F׀٪ɍȷǛǾǍ٪ֿׂ٪ƫǛǳɍɅǛȉǾ٪ȷɅƲȬȷ٪ƣɬ٪Ƈ٪خ¤�§¤ح٪ȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳعǾعׄ٪ȷɅƇǛȯƤƇȷƲ٪ȬȯȉƤƲƫɍȯƲؙ٪

but also includes a suprathreshold intensity rating test for PROP and sodium chloride 
45. Concentrations used in this test procedure are frequently chosen or adapted in 

later studies 59. Secondly, Nilsson and Holm aimed to develop a quick and simple test 

method for investigating taste recognition thresholds, as they considered previous 

methods as too time-consuming and therefore not suitable for teenagers 54. Their 
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whole-mouth test determines recognition thresholds for sweet, salty, sour, and bitter 

solutions by presenting 10 solutions of each tastant in increasing concentrations.

TESTS USED IN CLINICAL PRACTICE

The question arises whether taste tests developed for children, as described in 

Table 2, are actually used – or could be used – in clinical practice. From a clinical 

perspective, a test is preferably brief, easy to prepare and administer, and includes 

normative data to be able to diagnose potential dysfunction.

Regarding clinical assessment tools, taste loss in children can be reliably diagnosed by 

electrogustometry 20. Further, normative data are available for the clinical gustatory 

screening test for children aged 5 – 7 years 52. For this screening test, children aged 

٪ɬƲƇȯȷ٪ȷǕȉɍǳƫ٪ƣƲ٪ƇƣǳƲ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ƇɅ٪ǳƲƇȷɅ٪ɅǕȯƲƲ٪ȉǌ٪ɅǕƲ٪˚ɥƲ٪ɅƇȷɅƲ٪ȷɍƣȷɅƇǾƤƲȷؙ٪ɦǕƲȯƲƇȷ٪׃

6- and 7-year-olds are expected to identify four substances. However, the screening 

ɅƲȷɅ٪ǛɅȷƲǳǌ٪ǕƇȷ٪ǾȉɅ٪ƣƲƲǾ٪ɍȷƲƫ٪ǛǾ٪ǳƇɅƲȯ٪ȷɅɍƫǛƲȷؘ٪UǾȷɅƲƇƫؙ٪ƇǾ٪ƲɫɅƲǾƫƲƫ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƇȷǯ٪

ǛǾƤǳɍƫǛǾǍ٪˚ɥƲ٪ƫǛǌǌƲȯƲǾɅ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾȷ٪ȉǌ٪ƲƇƤǕ٪ɅƇȷɅƲ٪ȷɅǛǼɍǳɍȷ٪ǕƇȷ٪ƣƲƲǾ٪ƇȬȬǳǛƲƫ٪25, 

28, 30, 31. Similar to the original screening test, children aged 5 years should be able to 

identify at least three concentrations of each tastant, and older children at least four 

concentrations of each tastant to be considered normogeusic. Unfortunately, an 

extensive description of this latter procedure is lacking, and its test-retest reliability 

ƫȉƲȷ٪ǾȉɅ٪ƇȬȬƲƇȯ٪Ʌȉ٪ƣƲ٪ɥƲȯɬ٪ǕǛǍǕ٪حr = 30 ,28٪خ׀׃ؘ־.

The other taste tests 49, 51 and validated questionnaire 55 described above lack 

normative data and thus seem to be rarely used in clinical practice. This might be 

ƫɍƲ٪Ʌȉ٪ɅǕƲ٪ǌƇƤɅ٪ɅǕƇɅ٪ɅǕȉȷƲ٪Ʌȉȉǳȷ٪ƇȯƲ٪ȯƲȷɅȯǛƤɅƲƫ٪Ʌȉ٪ȷȬƲƤǛ˚Ƥ٪ȬƇɅǛƲǾɅ٪ǍȯȉɍȬȷ٪حƇȷ٪Ǜȷ٪ɅǕƲ٪

ƤƇȷƲ٪ɦǛɅǕ٪ɅǕƲ٪ɅƇȷɅƲ٪ƇǳɅƲȯƇɅǛȉǾ٪ȷƤƇǳƲ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯخ٪ȉȯ٪ƇȯƲ٪ɅǛǼƲعƤȉǾȷɍǼǛǾǍ٪

Ʌȉ٪ȬȯƲȬƇȯƲ٪حƇȷ٪Ǜȷ٪ɅǕƲ٪ƤƇȷƲ٪ɦǛɅǕ٪ɥƇȯǛȉɍȷ٪ɅƇȷɅƲ٪ȷȉǳɍɅǛȉǾ٪ɅƲȷɅȷؘخ

Another time-consuming approach is the Taste Detection Threshold test 47. This 

test does include an extensive manual for preparing taste solutions. However, 

preparation requires laboratory skills and facilities which makes this test procedure 

ǾȉɅ٪ ȬƇȯɅǛƤɍǳƇȯǳɬ٪ ƤȉǾɥƲǾǛƲǾɅ٪ ǌȉȯ٪ ɅǕƲ٪ ȬƲƫǛƇɅȯǛƤ٪ ƤǳǛǾǛƤǛƇǾ٪ ٪ƇǾƫح ȬƇɅǛƲǾɅخ٪ɦǕȉ٪ɦȉɍǳƫ٪

ǳǛǯƲǳɬ٪ȬȯƲǌƲȯ٪Ʌȉ٪ɍȷƲ٪Ƈ٪ȬȉǛǾɅعȉǌعƤƇȯƲ٪حȉȯ٪ƣƲƫȷǛƫƲخ٪ɅƲȷɅؘ٪tȉȯƲȉɥƲȯؙ٪ƇǳɅǕȉɍǍǕ٪ƫƲɅƲƤɅǛȉǾ٪

thresholds do rely less on the verbal/cognitive skills of the child, staircase procedures 

2
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can be lengthy 45, 47, 53. Test duration may not be overly problematic when assessing 

taste sensitivity of healthy children in a laboratory setting and when children can 

take a break in between sessions. However, in a clinical context where children are 

ill, the duration of testing should be kept to a minimum.

One convenient taste test that is ready made and does not require a lengthy procedure 

is the “Taste Strips” test. It is often used to assess taste function or taste loss in children 
18, 23, 27, 29, 35-39. This test is commercially available, has a long shelf-life, and is easy to use 

at the bedside. These features explain its appeal. However, this test has not been 

validated in children and available normative data are restricted to adults.

DISCUSSION AND CONCLUSIONS

Taste function is important for physical and psychological well-being, which is as true for 

ƤǕǛǳƫȯƲǾ٪Ƈȷ٪ǛɅ٪Ǜȷ٪ǌȉȯ٪ƇƫɍǳɅȷؘ٪½ǕƲ٪ȬȯƲȷƲǾɅ٪ȯƲɥǛƲɦ٪ȷǕȉɦȷ٪ɅǕƇɅ٪ȷƲɥƲȯƇǳ٪ƫǛȷƲƇȷƲȷ٪حƇǾƫ٪ɅȯƲƇɅǼƲǾɅخ٪

in childhood are associated with taste dysfunction, but only a few standardized taste 

tests have been developed to assess or diagnose such taste dysfunction in a pediatric 

clinical setting. Their use is limited as most of these tests are not commercially available 

and often depend on self-prepared taste solutions. Furthermore, normative data are 

often lacking. This is not problematic when applying one of these tests in the context 

of academic research, but it does limit their clinical utility. Especially within a clinical 

setting, one wants to be able to quickly diagnose potential taste dysfunction if taste is 

expected to be compromised as a result of disease burden or treatment.

A standardized taste test is still needed that is suitable for children and can be easily 

applied in clinical practice. The “Taste Strips” test appears a suitable candidate for this 

purpose, however, normative values of the Taste Strips for children still need to be 

ƇƤȮɍǛȯƲƫؘ٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ǛɅȷ٪ȯƲǳƇɅǛɥƲǳɬ٪ǳȉɦ٪ɅƲȷɅعȯƲɅƲȷɅ٪ȯƲǳǛƇƣǛǳǛɅɬ٪حr٪ؙ׆ؘׄ־٪ڏ٪ǛǾ٪ƇƫɍǳɅȷخ٪ǼǛǍǕɅ٪

hinder an accurate distinction between normogeusia and dysgeusia when tracking 

taste function over time and is thus of some concern.

Apart from the scarcity of convenient psychophysical taste tests for the pediatric clinical 

setting, there is also a lack of validated questionnaires concerning taste perception 

in children. Such a questionnaire only appears to exist for children with cancer 55. 

Similar questionnaires would be very useful in clinical practice for quick screening 
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of taste function and associated problems in children. Further research is needed to 

develop questionnaires with which the clinician can quickly recognize or monitor taste 

loss/change in children in general. Self-reported taste dysfunction should always be 

followed up by a psychophysical test, given the relatively poor accuracy of self-report 

measures, but that does not obviate the utility of such a questionnaire 60.

To recapitulate, a variety of childhood diseases and disorders are associated with taste 

changes or even dysfunction. Impaired taste function is aversive and thus negatively 

impacts quality of life in pediatric patients. Furthermore, as taste dysfunction has 

important implications for food intake on the short term and for the development 

of dietary habits and food preferences on the longer term, monitoring taste function 

in pediatric clinical practice seems pertinent. Such screening, however, requires 

adequate taste testing instruments. Clearly, there is still a need for the development 

of a practical, reliable, and child-friendly taste test that accurately measures taste 

function and that can be used in clinical practice as a point-of-care test.
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Chapter 3

ABSTRACT

Background Although less frequent than in adults, taste loss also occurs in 

childhood. “Taste Strips” are frequently used for diagnosing taste dysfunction, 

however, normative values are lacking for children. In this study we will create 

normative values for the “Taste Strips” in children.

Methods This cross-sectional study included 609 children aged 6 – 15 years. “Taste 

Strips” were used to determine sweet, sour, salty, and bitter taste scores by a non-

forced procedure. The 10th percentile was used to distinguish normal taste function 

ǌȯȉǼ٪Ƈ٪ȯƲƫɍƤƲƫ٪ȷƲǾȷƲ٪ȉǌ٪ɅƇȷɅƲؘ٪tɍǳɅǛɥƇȯǛƇƣǳƲ٪GƲǾƲȯƇǳǛɶƲƫ٪jǛǾƲƇȯ٪tȉƫƲǳȷ٪حGjtخ٪ɦƲȯƲ٪

ƲȷɅǛǼƇɅƲƫ٪Ʌȉ٪ȷɅɍƫɬ٪ɅǕƲ٪ƲǌǌƲƤɅ٪ȉǌ٪ƇǍƲ٪حǍȯȉɍȬؙخ٪ȷƲɫؙ٪ƇǾƫ٪ׄؿǾؿȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳ٪خ¤�§¤ح٪

status on taste function.

Results Taste function changed with age, allowing for a distinction of three age 

ǍȯȉɍȬȷؚ٪ Uػ٪ׄ٪خ٪ׅ٪ɬƲƇȯȷ؛٪ UUػ٪׆٪خ٪ׇ٪ɬƲƇȯȷ؛٪ƇǾƫ٪UUUخ٪ ٪ɬƲƇȯȷؘ٪vȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ɦƲȯƲ٪׃ֿ٪ػ٪־ֿ

created for the age groups and boys and girls separately. Additionally, GLM showed 

Ƈ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƲǌǌƲƤɅ٪ȉǌ٪ֿخ٪ƇǍƲ٪حǍȯȉɍȬخ٪ȉǾ٪ȷɦƲƲɅؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷخ׀٪؛٪

ȷƲɫ٪ȉǾ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ؛٪ƇǾƫ٪ׁخ٪¤§�¤٪ȷɅƇɅɍȷ٪ȉǾ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷؘ

Conclusions This study provided normative values for the “Taste Strips” in children, 

highlighting age- and sex-related differences.
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INTRODUCTION

Little is known about taste dysfunction in children. In general, it is thought to be 

rare as chemosensory problems are typically associated with aging 1. Nevertheless, 

children are not safeguarded from health problems that affect their smell and taste 

function. Medical conditions such as cancer, diabetes mellitus, kidney disease, 

and obesity are only a few examples of etiologies associated with chemosensory 

dysfunction in children, consequently affecting food choice, dietary intake, and 

overall health status 2-6. Measuring taste function may elucidate the exact relation 

between taste dysfunction and disease, fostering the development of more 

ƇȬȬȯȉȬȯǛƇɅƲ٪ ȷɍȬȬȉȯɅǛɥƲ٪ ȷɅȯƇɅƲǍǛƲȷ٪ ٪ƲؘǍؘؙ٪ǼƲƫǛƤƇɅǛȉǾؙح ƫǛƲɅƇȯɬ٪ ƇƫɥǛƤƲخ٪ ǛǾ٪ ɅȯƲƇɅǛǾǍ٪

disease7. Therefore, it is not a matter of debate that clinical assessment of taste 

function in children is needed.

In contrast to smell tests, few taste tests are available in a clinical setting. In part, this 

Ǜȷ٪ƫɍƲ٪Ʌȉ٪ɅǕƲ٪ǳȉɦ٪ȬȯƲɥƇǳƲǾƤƲ٪ȉǌ٪ɅƇȷɅƲ٪ƫǛȷȉȯƫƲȯȷ٪حȯƲǳƇɅǛɥƲ٪Ʌȉ٪ȷǼƲǳǳ٪ƫǛȷȉȯƫƲȯȷ8٪خ. Indeed, 

most patients complaining about taste dysfunction actually suffer from smell 

dysfunction 9. The “Taste Strips” test is a frequently employed and well-validated 

clinical taste test 10. Advantages of this test are its long shelf-life, easy administration, 

commercial availability, and short time of investigation. In the context of research, the 

“Taste Strips” have already frequently been used in children 11-13. However, normative 

values are hitherto restricted to individuals aged 15 – 87 years 10, 14. Especially within a 

clinical setting, if taste function is expected to be compromised as a result of disease 

burden and/or treatment, one needs to be able to determine a child’s taste function 

ƇǾƫ٪ǛǾɅƲȯȬȯƲɅ٪ɅǕƲȷƲ٪ȷƤȉȯƲȷ٪ƣɬ٪ɍȷǛǾǍ٪ȬȉȬɍǳƇɅǛȉǾ٪ȷȬƲƤǛ˚Ƥ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷؘ

Several factors can modulate taste function in children which should be taken 

into account and needs further investigation concerning the “Taste Strips”. First of 

all, taste function seems to improve as a child grows older, although results differ 

per tastant. For example, sucrose intensity has been reported to increase from 

childhood to adulthood, but sensitivity to bitter compounds was found to be similar 

between children and adults 15, 16. Secondly, although most studies found no clear 

sex-related differences in taste function in children, there is some indication that 

girls outperform boys 17-20. Thirdly, the ability to taste bitter compounds such as 

٪ɦǕǛƤǕ٪ƤƇǾ٪ƣƲ٪ȬƇȯɅǳɬ٪ƲɫȬǳƇǛǾƲƫ٪ƣɬ٪ǍƲǾƲɅǛƤ٪ɥƇȯǛƇɅǛȉǾȷ٪ǛǾ٪ؙخ¤�§¤ح٪ȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳعǾعׄ

TAS2R38 polymorphisms, correlates with an increased intensity perception to taste 

3
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stimuli and other orosensory sensations 21, 22. However, it remains unclear whether 

PROP status is associated with taste scores as measured by “Taste Strips” in children.

½Ǖɍȷؙ٪ɅǕƲ٪ȬȯƲȷƲǾɅ٪ȷɅɍƫɬ٪ƇǛǼƲƫ٪Ʌȉ٪ֿخ٪ȬȯȉɥǛƫƲ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ǌȉȯ٪ɅǕƲ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷه٪

ǌȯȉǼ٪Ƈ٪ǳƇȯǍƲ٪ȷƇǼȬǳƲ٪ȉǌ٪ǕƲƇǳɅǕɬ٪ƤǕǛǳƫȯƲǾؙ٪خ׀٪ȷɅɍƫɬ٪ɅǕƲ٪ƲǌǌƲƤɅ٪ȉǌ٪ƇǍƲؙ٪ȷƲɫؙ٪ƇǾƫ٪¤§�¤٪

ȷɅƇɅɍȷ٪ȉǾ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾؙ٪ƇǾƫ٪ׁخ٪ǛƫƲǾɅǛǌɬ٪Ʌȉ٪ɦǕƇɅ٪ƲɫɅƲǾɅ٪ȷƤȉȯƲȷ٪ȉǾ٪ɅǕƲ٪ن½ƇȷɅƲ٪

Strips” test are associated with self-reported taste function in children.

METHODS

Participants

This study was performed at the NEMO Science Museum Amsterdam, the 

Netherlands. All consecutive visitors to the museum were asked to participate. 

Participants were eligible for participation if they were between 5 and 17.99 years 

of age, able to understand Dutch or English, and reported to be healthy. Exclusion 

criteria for participation were: having a cold, smoking, being pregnant or a self-

reported allergy to quinine. Parents provided written informed consent.

Assessment of taste function

Taste Strips

½ƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ɦƇȷ٪ƇȷȷƲȷȷƲƫ٪ƣɬ٪ɍȷǛǾǍ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷح٪ه�ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪GƲȯǼƇǾɬؘخ٪

٪ȬƇȬƲȯ٪ȷɅȯǛȬȷ٪ǛǼȬȯƲǍǾƇɅƲƫ٪ɦǛɅǕ٪Ƈ٪ɅƇȷɅƲ٪ȷȉǳɍɅǛȉǾ٪ƇǾƫ٪ƫƲɅƲȯǼǛǾƲعƇȯƲ٪˚ǳɅƲȯ٪هƇȷɅƲ٪¯ɅȯǛȬȷ½ن

sweet, sour, salty, and bitter taste scores. Four concentrations of each taste quality 

ɦƲȯƲ٪ɍȷƲƫؚ٪ȷɦƲƲɅ٪ؙ׀ؘ־٪ֿؘؙ־٪ؙ׃־ؘ־ح٪ƇǾƫ٪ׂؘ־٪ǍإǼǳ٪ȷɍƤȯȉȷƲؙخ٪ȷȉɍȯ٪ؙ׃ֿؘׄ־٪ׇؙ־ؘ־٪ؙ׃־ؘ־ح٪ƇǾƫ٪

٪ƇǾƫ٪ƣǛɅɅƲȯ٪ؙخǼǳ٪ȷȉƫǛɍǼ٪ƤǕǳȉȯǛƫƲإǍ٪׃׀ؘ־٪ƇǾƫ٪ֿؘؙ־٪ׂؙ־ؘ־٪ֿؙׄ־ؘ־ح٪ȷƇǳɅɬ٪ؙخǼǳ٪ƤǛɅȯǛƤ٪ƇƤǛƫإǍ٪ׁؘ־

٪ׂؙ־־־ؘ־ح ٪ׇؙ־־־ؘ־ ٪ׂؙ׀־־ؘ־ ƇǾƫ٪ׄ־־ؘ־٪ǍإǼǳ٪ ȮɍǛǾǛǾƲ٪ǕɬƫȯȉƤǕǳȉȯǛƫƲؘخ٪ ½ȉ٪ ƲƇƤǕ٪ ƤǕǛǳƫؙ٪

sixteen impregnated strips and two blank strips were presented in the same pseudo-

randomized order starting with the lowest concentration.

Children were asked not to eat and drink except water one hour before the test. 

�ƲǌȉȯƲ٪ɅǕƲ٪ɅƲȷɅ٪ƣƲǍƇǾؙ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪ɦƲȯƲ٪ƲɫȬǳƇǛǾƲƫ٪ƣɬ٪ȬȯƲȷƲǾɅǛǾǍ٪ȬǕȉɅȉǍȯƇȬǕȷ٪حǛؘƲؘؙ٪

ȷɦƲƲɅ٪ǳǛǯƲ٪ȷɍǍƇȯؙ٪ȷȉɍȯ٪ǳǛǯƲ٪ǳƲǼȉǾؙ٪ȷƇǳɅɬ٪ǳǛǯƲ٪ȷƇǳɅؙ٪ƣǛɅɅƲȯ٪ǳǛǯƲ٪ƤȉǌǌƲƲن٪ؘخ½ƇȷɅƲ٪¯ɅȯǛȬȷه٪ɦƲȯƲ٪

placed on the middle of the tongue, approximately 1.5 cm from the tip. Participants 

were then asked to close the mouth and indicate whether the perceived taste was 

sweet, sour, salty, bitter, or tasteless. Scores for each taste quality range from 0 to 4 
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and the total taste score was derived by summing the scores of each taste quality 

ǕǛǍǕƲȯ٪ȷƤȉȯƲ٪ȯƲȬȯƲȷƲǾɅȷ٪Ƈ٪ƣƲɅɅƲȯ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪�٪ؘخֿׄ٪ػ٪־٪ȯƇǾǍƲح

PROP test

¤§�¤٪ ɅƇȷɅƲȯ٪ ȷɅƇɅɍȷ٪ ɦƇȷ٪ ƫƲɅƲȯǼǛǾƲƫ٪ ƣɬ٪ Ƈ٪ ˚ǳɅƲȯ٪ ȬƇȬƲȯ٪ ȷɅȯǛȬ٪ ǛǼȬȯƲǍǾƇɅƲƫ٪ ɦǛɅǕ٪

٪ȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳؿǾؿׄ ٪ƲǾȷȉǾǛƤȷ¯ح UǾɅƲȯǾƇɅǛȉǾƇǳؙ٪ veؙ٪ ÄǾǛɅƲƫ٪ ¯ɅƇɅƲȷؙ٪ ٪־׀ ٪ؘخȷɅȯǛȬإǍڢ

Participants were instructed to place the strip on the dorsal surface of the tongue 

for approximately 30 seconds and were then asked whether they tasted anything 

 Participants who answered “no” or reported that the strip “tastes like .23٪خǾȉإɬƲȷح

ȬƇȬƲȯه٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪نǾȉǾعɅƇȷɅƲȯȷؘه٪�ǕǛǳƫȯƲǾ٪ɦǕȉ٪ǛǾƫǛƤƇɅƲƫ٪ɅǕƇɅ٪ɅǕƲ٪ȷɅȯǛȬ٪ɅƇȷɅƲƫ٪

٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ؘهɅƇȷɅƲȯȷن٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪هȷȬǛƤɬن٪ȉȯ٪ؙهƣƇƫن٪ؙهȷȉɍȯن٪ؙهƣǛɅɅƲȯن

who immediately removed the strip because of its “foul” taste or showed other signs 

ȉǌ٪ɅƇȷɅƲ٪ȯƲǬƲƤɅǛȉǾ٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪نɅƇȷɅƲȯȷه٪Ƈȷ٪ɦƲǳǳ٪24.

Self-report

Participants were asked to self-assess their taste function by rating their taste 

ȬƲȯƤƲȬɅǛȉǾ٪حȉǾ٪Ƈ٪ֿع־ȬȉǛǾɅ٪ȷƤƇǳƲؚ٪ֿ٪نɥƲȯɬ٪ƣƇƫه٪Ʌȉ٪ֿن٪־ɥƲȯɬ٪Ǎȉȉƫخه٪ƇǾƫ٪ƣɬ٪ƲȷɅǛǼƇɅǛǾǍ٪

ɅǕƲǛȯ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ȯƲǳƇɅǛɥƲ٪Ʌȉ٪ɅǕƲǛȯ٪ȬƲƲȯȷ٪ȉǾ٪Ƈ٪ع׃ȬȉǛǾɅ٪jǛǯƲȯɅ٪ȷƤƇǳƲ٪ن٪ֿحǼɍƤǕ٪ɦȉȯȷƲ٪

ɅǕƇǾ٪ȉɅǕƲȯȷه٪Ʌȉ٪ن٪׃ǼɍƤǕ٪ƣƲɅɅƲȯ٪ɅǕƇǾ٪ȉɅǕƲȯȷؘخه

Statistical analysis

%ƲȷƤȯǛȬɅǛɥƲ٪ȷɅƇɅǛȷɅǛƤȷ٪ƇȯƲ٪ȬȯƲȷƲǾɅƲƫ٪Ƈȷ٪ǼƲƫǛƇǾ٪ɦǛɅǕ٪ǛǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲ٪حU¦§خ٪ƇǾƫ٪

ɅǕƲ٪ǾɍǼƣƲȯ٪ȉǌ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪حǾخ٪ɦǛɅǕ٪ȬƲȯƤƲǾɅƇǍƲ٪ؘخڤح٪½ǕƲ٪ֿ־th percentile was used to 

ƫǛȷɅǛǾǍɍǛȷǕ٪ǾȉȯǼƇǳ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǌȯȉǼ٪Ƈ٪ȯƲƫɍƤƲƫ٪ȷƲǾȷƲ٪ȉǌ٪ɅƇȷɅƲ٪حǛؘƲؘؙ٪ǕɬȬȉǍƲɍȷǛƇخ٪
10. Non-parametric tests were used to assess differences between sex, age or self-

reported measures in relation to taste scores. Bonferroni post-hoc procedure to 

adjust for multiple testing was used when required. To study the association between 

ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪حǛؘƲؘؙ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳخ٪ƇǾƫ٪ɅǕƲ٪ǛǾƫƲȬƲǾƫƲǾɅ٪ɥƇȯǛƇƣǳƲȷ٪

ƇǍƲ٪حǍȯȉɍȬؙخ٪ȷƲɫؙ٪ƇǾƫ٪¤§�¤٪ȷɅƇɅɍȷؙ٪ǼɍǳɅǛɥƇȯǛƇƣǳƲ٪ǍƲǾƲȯƇǳǛɶƲƫ٪ǳǛǾƲƇȯ٪ǼȉƫƲǳȷ٪حGjtخ٪

were estimated since the dependent variables were not normally distributed. To 

study the association between subgroups and outcome, interaction terms were 

ƤȯƲƇɅƲƫ٪ƇǾƫ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕƲ٪ǼȉƫƲǳ٪Ǜǌ٪ȷǛǍǾǛ˚ƤƇǾɅؘ٪�Ǿ٪ƇǳȬǕƇ٪ǳƲɥƲǳ٪ȉǌ٪׃־ؘ־٪ɦƇȷ٪ɍȷƲƫؘ٪

%ƇɅƇ٪ƇǾƇǳɬȷǛȷ٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪ɦǛɅǕ٪U�t٪¯¤¯¯٪¯ɅƇɅǛȷɅǛƤȷ٪حɥƲȯȷǛȉǾ٪ؘخ־ؘ׃׀

3
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RESULTS

Participant characteristics

UǾ٪ɅȉɅƇǳؙ٪ׂׄ׃٪ƤǕǛǳƫȯƲǾ٪ƇǍƲƫ٪ػ٪׃٪ֿׅ٪ɬƲƇȯȷ٪ȬƇȯɅǛƤǛȬƇɅƲƫؘ٪FǛǍɍȯƲ٪ֿ٪ȷǕȉɦȷ٪Ƈ٪˛ȉɦƤǕƇȯɅ٪ȉǌ٪ɅǕƲ٪

inclusion process. Four children did not complete the taste test. Among the 5-year-

ȉǳƫ٪ƤǕǛǳƫȯƲǾؙ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȯƇɅƲȷ٪ǌȉȯ٪ɅǕƲ٪ǕǛǍǕƲȷɅ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪ȉǌ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪

and bitter taste were only 70%, 57%, 35%, and 61%, respectively, implying that the 

concentrations used in the “Taste Strips” test does not provide reliable results for <6-year-

old children. Results of 5-year-old children were therefore excluded from analysis 

٪ȉǳƫ٪ȬƇȯɅǛƤǛȬƇǾɅȷعɬƲƇȯعֿׅ٪ƇǾƫ٪خ׃٪ڏ٪nح٪ȉǳƫعɬƲƇȯعֿׄ٪Ƈȷ٪ɦƲǳǳ٪Ƈȷ٪ɅǕƲ٪ȷǼƇǳǳ٪ǾɍǼƣƲȯ٪ȉǌ٪ؙخׁ׀٪ڏ٪nح

٪ػ٪ׄ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ƇǍƲƫ٪ׇ־ׄ٪Ǖɍȷؙ½٪ؘخׁ٪ڏ٪nح ٪ɬƲƇȯȷ٪ɦƲȯƲ٪׃ֿ ǛǾƤǳɍƫƲƫ٪ ǌȉȯ٪˚ǾƇǳ٪ƇǾƇǳɬȷǛȷؘ

Figure 1. Flowchart of included children in the current study.
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¤ƇȯɅǛƤǛȬƇǾɅȷى٪ǼƲƇǾ٪ƇǍƲ٪ɦƇȷ٪ׇׁؘ٪ׁؘ׀٪ڕ٪ɬƲƇȯȷ׃ׁׄ٪؛٪ȉǌ٪ɅǕƲ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ɦƲȯƲ٪ǍǛȯǳȷ٪ؘخڤ־ׄح٪

�ɥƲȯƇǳǳؙ٪ֿׂ׃٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪خڤׇ׆ح٪ɦƲȯƲ٪ǳǛɥǛǾǍ٪ǛǾ٪ɅǕƲ٪vƲɅǕƲȯǳƇǾƫȷؙ٪خڤׇح٪ׄ׃٪ɦƲȯƲ٪ǳǛɥǛǾǍ٪ǛǾ٪

ȉɅǕƲȯ٪-ɍȯȉȬƲƇǾ٪ƤȉɍǾɅȯǛƲȷؙ٪ƇǾƫ٪ֿخڤ׀ح٪׀٪ƤƇǼƲ٪ǌȯȉǼ٪ǾȉǾع-ɍȯȉȬƲƇǾ٪ƤȉɍǾɅȯǛƲȷؘ

Taste test results

tƲƫǛƇǾ٪ȷƤȉȯƲȷ٪حU¦§خ٪ǌȉȯ٪ɅǕƲ٪ǛǾƫǛɥǛƫɍƇǳ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪ɦƲȯƲ٪Ƈȷ٪ǌȉǳǳȉɦȷؚ٪ȷɦƲƲɅ٪ׂؘ־ׁؘح٪־٪

٪tƲƫǛƇǾ٪ɅȉɅƇǳ٪ؘخ־ׂؘ٪ػ٪־ׁؘح٪־ׂؘ٪ƇǾƫ٪ƣǛɅɅƲȯ٪ؙخ־ׂؘ٪ػ٪׃ؘ׀ح٪־ׂؘ٪ȷƇǳɅɬ٪ؙخ־ׁؘ٪ػ٪־ؘ׀ح٪־ׁؘ٪ȷȉɍȯ٪ؙخ־ׂؘ٪ػ

ɅƇȷɅƲ٪ȷƤȉȯƲ٪حU¦§خ٪ɦƇȷ٪ֿׁؘؘخ־ֿׂؘ٪ػ٪־ֿֿؘح٪־٪UǾ٪ɅȉɅƇǳؙ٪ׁׁׅ٪ƤǕǛǳƫȯƲǾ٪خڤֿׄح٪ɦƲȯƲ٪¤§�¤عɅƇȷɅƲȯȷؘ

�٪ȷƲɫ٪ƫǛǌǌƲȯƲǾƤƲ٪حp٪خֿ־־ؘ־٪ڏ٪ƇǾƫ٪ȬȉȷǛɅǛɥƲ٪ƤȉȯȯƲǳƇɅǛȉǾ٪(r = 0.247, p٪خֿ־־ؘ־٪ڒ٪ƣƲɅɦƲƲǾ٪ƇǍƲ٪

and total taste score was observed, showing major age- and sex related differences 

between 6 and 9 year of age. Based on these results, three arbitrary age groups were 

ƫǛȷɅǛǾǍɍǛȷǕƲƫؚ٪ǍȯȉɍȬ٪Uؙ٪ׄ٪Ʌȉ٪ׅ٪ɬƲƇȯȷ؛٪ǍȯȉɍȬ٪UUؙ٪׆٪Ʌȉ٪ׇ٪ɬƲƇȯȷ؛٪ǍȯȉɍȬ٪UUUؙ٪ֿ־٪Ʌȉ٪ֿ׃٪ɬƲƇȯȷؘ٪�٪

ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲ٪ǛǾ٪ȷɦƲƲɅ٪حp٪ؙخֿ־־ؘ־٪ڒ٪ȷȉɍȯ٪حp٪ؙخׂׂ־ؘ־٪ڏ٪ȷƇǳɅɬ٪حp٪ؙخֿ־־ؘ־٪ڒ٪ƣǛɅɅƲȯ٪حp 

٪ɦƇȷ٪ǌȉɍǾƫ٪ƣƲɅɦƲƲǾ٪ɅǕƲ٪ɅǕȯƲƲ٪ƇǍƲ٪ǍȯȉɍȬȷ٪خֿ־־ؘ־٪ڒ٪pح٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲ٪ؙخֿ־־ؘ־٪ڒ

٪ǕȉƤ٪ɅƲȷɅǛǾǍ٪ǛǾƫǛƤƇɅƲƫ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ƣƲɅɦƲƲǾ٪ǍȯȉɍȬ٪U٪ƇǾƫ٪UUعȉȷɅ¤٪ؘخ׀٪FǛǍɍȯƲح

ƇǾƫ٪ǍȯȉɍȬ٪U٪ƇǾƫ٪UUU٪ǌȉȯ٪ȷɦƲƲɅؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪حp٪ؘخֿ־־ؘ־٪ڒ٪Fȉȯ٪ȷȉɍȯ٪

ɅƇȷɅƲؙ٪Ǿȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ɦƲȯƲ٪ǌȉɍǾƫ٪ƣƲɅɦƲƲǾ٪ƇǍƲ٪ǍȯȉɍȬȷ٪ɦǕƲǾ٪ƇƫǬɍȷɅƲƫ٪ǌȉȯ٪

multiple testing.

Normative values

Table 1 shows the distribution of taste scores separated for age and sex. According to 

the 10th percentile, a total taste score below the following values indicate hypogeusia: 

ǍȯȉɍȬ٪Uؙ٪ڒ ٪ƇǾƫ٪؛ǌȉȯ٪ƣȉɬȷ٪־ؘ׆ڒ٪ǌȉȯ٪ǍǛȯǳȷ٪ƇǾƫ٪־ؘ־ֿڒ٪ǍȯȉɍȬ٪UUؙ٪؛ǌȉȯ٪ƣȉɬȷ٪־ؘׄڒ٪ǌȉȯ٪ǍǛȯǳȷ٪ƇǾƫ٪־ؘׅ

group III, <9.9 for girls and <10.0 for boys.

Effect of age, sex, and PROP status on taste scores

Results based on the multivariable GLM models show the effect of age, sex, and 

¤§�¤٪ȷɅƇɅɍȷ٪ȉǾ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪ح½ƇƣǳƲ٪ؘخ׀٪�ƫǬɍȷɅƲƫ٪ǌȉȯ٪

sex and PROP status, total taste scores of children aged 8 – 9 years and 10 – 15 years 

were, respectively, 1.3 and 1.8 points as high as children aged 6 – 7 years. In addition, 

higher salty and bitter scores were found in children aged 8 – 9 years compared 

to 6-7-year-old children and higher sweet, salty, and bitter scores were found in 

children aged 10 – 15 years compared to 6-7-year-old children when adjusted for sex 

and PROP status.
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Figure 2. ن½ƇȷɅƲ٪¯ɅȯǛȬȷه٪ȷƤȉȯƲȷ٪ǌȉȯ٪ɅǕƲ٪ƫǛǌǌƲȯƲǾɅ٪ƇǍƲ٪ǍȯȉɍȬȷؚ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪حƇؙخ٪ȷƇǳɅɬ٪ɅƇȷɅƲ٪حƣؙخ٪ȷȉɍȯ٪ɅƇȷɅƲ٪حƤؙخ٪
ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪حƫؙخ٪ƇǾƫ٪ɅȉɅƇǳ٪ȷƤȉȯƲ٪حƲؘخ٪�ȉɫȬǳȉɅȷ٪ȯƲǌƲȯ٪Ʌȉ٪ɅǕƲ٪ǼƲƫǛƇǾ٪ȷƤȉȯƲ٪حǼǛƫȬȉǛǾɅ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷؙخ٪ɅǕƲ٪̊ ȯȷɅ٪
ȮɍƇȯɅǛǳƲ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷ٪ح¦ֿؙ٪ǳȉɦƲȯ٪ƣȉɍǾƫƇȯɬ٪ȉǌ٪ɅǕƲ٪ƣȉɫخ٪ƇǾƫ٪ɅǕƲ٪ɅǕǛȯƫ٪ȮɍƇȯɅǛǳƲ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷ٪ح¦ׁؙ٪ɍȬȬƲȯ٪
ƣȉɍǾƫƇȯɬ٪ȉǌ٪ɅǕƲ٪ƣȉɫؘخ٪½ǕƲ٪ȯƇǾǍƲ٪ȉǌ٪ɅǕƲ٪ƣȉɫ٪ȯƲȬȯƲȷƲǾɅȷ٪ɅǕƲ٪ǛǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲ٪حU¦§٪خֿ¦٪ڌ٪ׁ¦٪ڏ٪ƇǾƫ٪ɅǕƲ٪
whiskers indicate what data points can be considered as outliers. The upper whisker extends to the 
ǼȉȷɅ٪ƲɫɅȯƲǼƲ٪ȷƤȉȯƲ٪Ǿȉ٪ǼȉȯƲ٪ɅǕƇǾ٪ֿؘ׃٪ɅǛǼƲȷ٪ɅǕƲ٪U¦§٪ƇƣȉɥƲ٪¦ׁؙ٪ƇǾƫ٪ɅǕƲ٪ǳȉɦƲȯ٪ɦǕǛȷǯƲȯ٪ƲɫɅƲǾƫȷ٪Ʌȉ٪ɅǕƲ٪
ǼȉȷɅ٪ƲɫɅȯƲǼƲ٪ȷƤȉȯƲ٪Ǿȉ٪ǼȉȯƲ٪ɅǕƇǾ٪ֿ -ɅǛǼƲȷ٪ɅǕƲ٪U¦§٪ƣƲǳȉɦ٪¦ֿؘ٪vȉɅƲ٪ɅǕƇɅؙ٪ƫɍƲ٪Ʌȉ٪ɅǕƲ٪ǳǛǼǛɅƲƫ٪ȯƇǾǍƲ٪ȉǌ٪Ȭȉȷ٪׃ؘ
ȷǛƣǳƲ٪ȷƤȉȯƲȷ٪ǌȉȯ٪ɅǕƲ٪ǛǾƫǛɥǛƫɍƇǳ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪؛ׂػ־ح٪Ƈػƫؙخ٪ȷȉǼƲ٪ƣȉɫƲȷ٪حƇǾƫ٪ɦǕǛȷǯƲȯȷخ٪ƇȬȬƲƇȯ٪ƤȉǾȷɅȯǛƤɅƲƫؘ
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Table 1. %ǛȷɅȯǛƣɍɅǛȉǾ٪ȉǌ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪ȷƲȬƇȯƇɅƲƫ٪ǌȉȯ٪ƇǍƲ٪ƇǾƫ٪ȷƲɫ٪حn٪ؘخׇ־ׄ٪ڏ

Sweet score Sour score Salty score Bitter score Total score

Age 6 – 7 years Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

N 65 89 65 89 65 89 65 89 65 89

Minimum 0 0 0 0 0 0 0 0 3 3

Maximum 4 4 4 4 4 4 4 4 16 16

Percentile 10 1.0 2.0 1.0 2.0 1.0 1.0 1.0 0.0 6.0 7.0

25 2.0 3.0 2.0 2.0 2.0 2.0 1.5 2.0 8.0 9.0

50 3.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0 11.0 12.0

75 4.0 4.0 3.0 3.0 4.0 4.0 4.0 4.0 13.0 13.0

90 4.0 4.0 3.0 4.0 4.0 4.0 4.0 4.0 14.0 15.0

Age 8 – 9 years

N 65 128 65 128 65 128 65 128 65 128

Minimum 1 1 0 1 0 0 0 0 4 6

Maximum 4 4 4 4 4 4 4 4 16 16

Percentile 10 1.6 3.0 1.0 2.0 1.0 2.0 1.0 2.0 8.0 10.0

25 2.0 3.0 2.0 2.0 2.0 3.0 2.0 3.0 9.5 11.3

50 3.0 4.0 2.0 3.0 3.0 4.0 3.0 4.0 12.0 13.0

75 4.0 4.0 3.0 3.0 4.0 4.0 4.0 4.0 14.0 14.0

90 4.0 4.0 3.0 4.0 4.0 4.0 4.0 4.0 15.0 15.0

Age 10 – 15 years

N 114 148 114 148 114 148 114 148 114 148

Minimum 0 0 0 0 0 0 0 0 2 4

Maximum 4 4 4 4 4 4 4 4 16 16

Percentile 10 3.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0 10.0 9.9

25 3.0 3.0 2.0 2.0 2.8 3.0 3.0 3.0 12.0 12.0

50 4.0 4.0 3.0 3.0 4.0 4.0 4.0 4.0 13.0 13.5

75 4.0 4.0 3.0 3.0 4.0 4.0 4.0 4.0 14.0 15.0

90 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 15.0 15.0

Girls outperformed boys by showing a total taste score of 0.7 points as high as boys, 

but also exhibit higher sweet and sour scores, when adjusted for age and PROP 

status. Except for sweet taste, the interaction between age and sex on the outcomes 

ɦƇȷ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅؙ٪ǛǼȬǳɬǛǾǍ٪ɅǕƇɅ٪ɅǕƲȯƲ٪Ǜȷ٪Ǿȉ٪ƫǛǌǌƲȯƲǾɅ٪ƲǌǌƲƤɅ٪ƇǼȉǾǍ٪ȷɍƣǍȯȉɍȬȷ٪ȉǾ٪

sour, salty, bitter, and total taste scores.
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PROP status was associated with total taste score, with “tasters” having a total taste 

score of 0.6 points as high as “non-tasters”, when adjusted for age and sex. Neither 

¤§�¤٪ȷɅƇɅɍȷ٪ƇǾƫ٪ƇǍƲؙ٪Ǿȉȯ٪¤§�¤٪ȷɅƇɅɍȷ٪ƇǾƫ٪ȷƲɫ٪ȷǕȉɦƲƫ٪Ƈ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ǛǾɅƲȯƇƤɅǛȉǾ٪

with the outcomes.

Self-report

½ǕƲ٪ǼƲƇǾ٪ȯƇɅǛǾǍ٪ǌȉȯ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ɦƇȷ٪ ٪vȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƤȉȯȯƲǳƇɅǛȉǾ٪ɦƇȷ٪ǌȉɍǾƫ٪ֿׂؘؘ٪ڕ٪ؘׅׅ

between this rating and total taste scores in children. Additionally, self-reported 

ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ɦƇȷ٪ȯƇɅƲƫ٪Ʌȉ٪ƣƲ٪نǼɍƤǕ٪ƣƲɅɅƲȯ٪ɅǕƇǾ٪ȉɅǕƲȯȷه٪ƣɬ٪ֿ׆٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ؙخڤׁح٪

٪ƣɬ٪ׂׂׅ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪هȷǛǼǛǳƇȯ٪Ʌȉ٪ȉɅǕƲȯȷن٪ؙخڤֿ׀ح٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪׃׀ֿ٪ƣɬ٪هƣƲɅɅƲȯ٪ɅǕƇǾ٪ȉɅǕƲȯȷن

٪ƣɬ٪هǼɍƤǕ٪ɦȉȯȷƲ٪ɅǕƇǾ٪ȉɅǕƲȯȷن٪ƇǾƫ٪ؙخڤׁح٪ƣɬ٪ֿׄ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪هɦȉȯȷƲ٪ɅǕƇǾ٪ȉɅǕƲȯȷن٪ؙخڤׁׅح

ׁ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ؘخڤֿڒح

Table 2. -ȷɅǛǼƇɅƲƫ٪ȬƇȯƇǼƲɅƲȯȷ٪ƇǾƫ٪ƤȉǾ˚ƫƲǾƤƲ٪ǛǾɅƲȯɥƇǳȷ٪ƣƇȷƲƫ٪ȉǾ٪Gjt٪ǌȉȯ٪ƫƲȬƲǾƫƲǾɅ٪ɥƇȯǛƇƣǳƲȷ٪
sweet, sour, salty, bitter, and total taste score.

Sweet score  
(0 – 4)

Sour score  
(0 – 4)

Salty score  
(0 – 4)

Bitter score  
(0 – 4)

Total taste 
score  
(0 – 16)

Independent variables

Age٪حȯƲǌƲȯƲǾƤƲؚ٪ׄ٪ػ٪ׅ٪ɬƲƇȯȷخ
  8 – 9 years

  10 – 15 years

0.21  
خׇׂؘ־٪؛׆־ؘ־عح
0.64  
أخ־ׇؘ־٪؛׆ׁؘ־ح

-0.01  
خֿؘׄ־٪؛־׀ؘ־عح
0.16  
خׁׁؘ־٪؛ֿ־ؘ־عح

0.30  
أخׂ׃ؘ־٪؛׃־ؘ־ح
0.34  
أخׅ׃ؘ־٪؛ֿֿؘ־ح

0.38  
أخֿؘׄ־٪؛׃ֿؘ־ح
0.52  
أخׂؘׅ־٪؛־ׁؘ־ح

1.33  
أخׇֿֿؘ٪؛׃ؘׅ־ح
1.83  
أخ׆ׁؘ׀٪؛׆׀ֿؘح

Sex٪حȯƲǌƲȯƲǾƤƲؚ٪ƣȉɬȷخ
  Girls 0.40  

أخؘׅׄ־٪؛ֿׁؘ־ح

 
0.20  
أخ־ׁؘ־٪؛׀־ؘ־ح

0.08  
خׅ׀ؘ־٪؛ֿֿؘ־عح

0.15  
خׁׁؘ־٪؛ׁ־ؘ־عح

0.71  
أخֿֿؘׅ٪؛׃׀ؘ־ح

PROP status 
خɅƇȷɅƲȯȷعȯƲǌƲȯƲǾƤƲؚ٪ǾȉǾح
  Tasters

0.07  
خ׀׀ؘ־٪؛׆־ؘ־عح

0.06  
خ־׀ؘ־٪؛׆־ؘ־عح

0.08  
خׅ׀ؘ־٪؛ֿֿؘ־عح

0.14  
خ׀ׁ؛־٪؛ׂ־ؘ־عح

0.62  
أخֿ־ֿؘ٪؛ֿؘׄ־ح

Note:٪ǌȉȯ٪ȷɦƲƲɅ٪ɅƇȷɅƲؙ٪ɅǕƲ٪ǛǾɅƲȯƇƤɅǛȉǾ٪ƣƲɅɦƲƲǾ٪ƇǍƲ٪ƇǾƫ٪ȷƲɫ٪ɦƇȷ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƇǾƫ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕƲ٪ǼȉƫƲǳؙ٪
ȷǕȉɦǛǾǍ٪ƇǾ٪ȉȬȬȉȷǛɅƲ٪ƲǌǌƲƤɅ٪ǌȉȯ٪ǍǛȯǳȷ٪ƇǍƲƫ٪ֿ׃ֿ٪ػ٪־٪ɬƲƇȯ٪ح�p < 0.05 أ٪ؘخׁ־ؘ־ع٪؛־׆ؘ־ع٪ؙ־ׂؘ־ع٪ڏ٪

DISCUSSION

½ǕǛȷ٪Ǜȷ٪ɅǕƲ٪˚ȯȷɅ٪ȷɅɍƫɬ٪ɅǕƇɅ٪ȬȯȉɥǛƫƲȷ٪ǾȉȯǼƇɅǛɥƲ٪ƫƇɅƇ٪ǌȉȯ٪ɅǕƲ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷه٪ǌȯȉǼ٪Ƈ٪ǳƇȯǍƲ٪

ȷƇǼȬǳƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾؙ٪ƫǛɥǛƫƲƫ٪ǛǾɅȉ٪ɅǕȯƲƲ٪ƇǍƲ٪ǍȯȉɍȬȷ٪ػ٪ׄح٪ׅ٪ɬƲƇȯȷؙ٪ػ٪׆٪ׇ٪ɬƲƇȯȷؙ٪ƇǾƫ٪ֿ־٪

٪ƇǾƫ٪ȷƲȬƇȯƇɅƲƫ٪ǌȉȯ٪ȷƲɫؘ٪½ǕƲ٪ȬȯƲȷƲǾɅ٪ȷɅɍƫɬ٪Ƈǳȷȉ٪ȷǕȉɦȷ٪ɅǕƇɅ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪خɬƲƇȯȷ٪׃ֿ٪ػ

٪خֿ ǛǾƤȯƲƇȷƲƫ٪ɦǛɅǕ٪ƇǍƲ٪ǌȉȯ٪ȷɦƲƲɅؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲخ׀٪؛٪ɦƇȷ٪ǕǛǍǕƲȯ٪ǛǾ٪ǍǛȯǳȷ٪
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ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ƣȉɬȷ٪ǌȉȯ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷخׁ٪؛٪ɦƇȷ٪ǕǛǍǕƲȯ٪ǌȉȯ٪¤§�¤٪

٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪هɅƇȷɅƲȯȷن ٪هɅƇȷɅƲȯȷعǾȉǾن ȯƲǍƇȯƫǛǾǍ٪ɅȉɅƇǳ٪ ɅƇȷɅƲ٪ȷƤȉȯƲȷ؛٪ƇǾƫ٪ׂخ٪ƫǛƫ٪ǾȉɅ٪

correlate with self-report.

Age- and sex differences in taste function among children were also found by James 

and colleagues, who showed higher detection thresholds for sucrose and sodium 

chloride in 8-9-year-old boys compared to 8-9-year-old girls when using freshly 

prepared taste solutions 20. In addition, they compared 8-9-year-old children’s taste 

ǌɍǾƤɅǛȉǾ٪ɦǛɅǕ٪ƇƫɍǳɅȷؙ٪ȷǕȉɦǛǾǍ٪Ǿȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ƣƲɅɦƲƲǾ٪

8-9-year-old girls and adults, but 8-9-year-old boys showed a poorer ability to detect 

sweet, sour, and salty taste than adult males and a poorer ability to detect all four 

taste qualities than adult females. A similar trend can be found in the current study, 

when comparing children’s taste scores with those previously found among adults 10. 

�ɍȯ٪ȯƲȷɍǳɅȷ٪ƤȉȯȯȉƣȉȯƇɅƲȷ٪ȬȯǛȉȯ٪˚ǾƫǛǾǍȷؙ٪ȷɍǍǍƲȷɅǛǾǍ٪ɅǕƇɅ٪ɅƇȷɅƲ٪Ǜȷ٪ǌɍǾƤɅǛȉǾƇǳǳɬ٪ǼƇɅɍȯƲ٪

around an age of 10 years and that taste function matures a bit faster in girls 20, 25.

PROP status was associated with taste function in children, with higher total taste 

ȷƤȉȯƲȷ٪ ǛǾ٪ ٪هɅƇȷɅƲȯȷن ȯƲǳƇɅǛɥƲ٪ Ʌȉ٪ ٪�ǳɅǕȉɍǍǕ٪ȷǛǍǾǛ˚ƤƇǾɅؙ٪ؘهɅƇȷɅƲȯȷعǾȉǾن ɅǕǛȷ٪ƫǛǌǌƲȯƲǾƤƲ٪

ɦƇȷ٪ǼȉƫƲȯƇɅƲ٪ؘׄ־ح٪ȬȉǛǾɅȷخ٪ƇǾƫ٪ɦƇȷ٪ǾȉɅ٪ǌȉɍǾƫ٪ǌȉȯ٪ǛǾƫǛɥǛƫɍƇǳ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷؘ٪½ǕǛȷ٪Ǜȷ٪

ǛǾ٪ǳǛǾƲ٪ɦǛɅǕ٪Ƈ٪ȷɅɍƫɬ٪ɅǕƇɅ٪ȷɅɍƫǛƲƫ٪˚ɥƲ٪ƤȉǼǼȉǾ٪ɦƇɬȷ٪ȉǌ٪ǼƲƇȷɍȯǛǾǍ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪

٪¤�§¤٪ǛؘƲؘؙ٪ƫƲɅƲƤɅǛȉǾ٪ɅǕȯƲȷǕȉǳƫȷؙ٪ȯƲƤȉǍǾǛɅǛȉǾ٪ɅǕȯƲȷǕȉǳƫȷؙ٪ȷɍȬȯƇɅǕȯƲȷǕȉǳƫ٪ǛǾɅƲǾȷǛɅɬؙح

ƣǛɅɅƲȯǾƲȷȷؙ٪ƇǾƫ٪ǌɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲخ٪ǛǾ٪ɦȉǼƲǾ٪26. They found that detection thresholds 

and recognition thresholds for sweet, sour, salty, bitter, and umami did not correlate 

with PROP bitterness, but also not with fungiform papillae density. In general, only 

detection and recognition thresholds were related, which highlights the complexity 

of identifying taste function. Thus, the current study found PROP status to be 

associated with taste function, but not to the extent that it can be seen as a measure 

of overall taste function in children.

Self-reported taste function was not correlated with total taste scores. This indicates 

ɅǕƇɅ٪ƤǕǛǳƫȯƲǾ٪ƇȯƲ٪ǾȉɅ٪ƇɦƇȯƲ٪ȉǌ٪ɅǕƲǛȯ٪ȉɦǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪حȉȯ٪ǛǾƫƲƲƫ٪ƫɬȷǌɍǾƤɅǛȉǾؘخ٪�ǾƲ٪

might argue that the absence of a correlation between self-reported taste function 

and performance on the “Taste Strips” test indicates that the “Taste Strips” are 

simply not valid, at least not in children. However, this also appears to be the case 

in adults as self-report of taste dysfunction has been shown inaccurate when using 

focused questions 27. For that reason, self-reported taste abilities, which can provide 

3
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meaningful information to the clinician, should be always accompanied by a more 

objective test such as the “Taste Strips”.

Two methodological choices should be noted. First of all, a non-forced choice 

paradigm was used, according to the original protocol for the “Taste Strips” 10. This 

allows the participant to indicate a strip as “tasteless”, instead of being forced to 

choose between sweet, salty, sour, or bitter. Forced choice testing has the advantage 

of limiting response bias and malingering 8, 28, 29. The major disadvantage of a forced-

choice method, however, is the inability to determine whether a “hit” or “miss” 

ȯƲ˛ƲƤɅȷ٪ƇǾ٪ǛǾƫǛɥǛƫɍƇǳىȷ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ȉȯ٪ȯƇǾƫȉǼ٪ǍɍƲȷȷǛǾǍؘ٪�ȷ٪ɅǕǛȷ٪ǛǾǌȉȯǼƇɅǛȉǾ٪ǼǛǍǕɅ٪

be useful for the clinician if taste sensitivity is expected to be lost or changed, a 

non-forced choice method was chosen. Secondly, the 10th percentile was used to 

separate normogeusia from hypogeusia, according to the original protocol and 

originating from research into adults’ smell function 10, 14, 29, 30. As we do not know 

how many children suffer from taste dysfunction, though presumably less than 

10%, using the 10th percentile could lead to false-positive results and overdiagnosis. 

Using two standard deviations from the mean might be an alternative and more 

conservative approach 31. However, if this remains unclear, we have chosen to apply 

the commonly used 10th percentile as a cut-off value for children’s taste function, 

additionally considering their self-report and clinical symptoms.

Strengths of our study were the large sample size and wide age-range of included 

participants. In addition to Dutch children, also children from other European 

ƤȉɍǾɅȯǛƲȷ٪ɦƲȯƲ٪ǛǾƤǳɍƫƲƫ٪ɦǕǛƤǕ٪ǛǾƤȯƲƇȷƲȷ٪ɅǕƲ٪ǍƲǾƲȯƇǳǛɶƇƣǛǳǛɅɬ٪ȉǌ٪ȉɍȯ٪̊ ǾƫǛǾǍȷؘ٪OȉɦƲɥƲȯؙ ٪

some limitations should be noted. As mainly European children were included, it is 

uncertain whether these normative values extend to children outside of Europe. 

Furthermore, body weight or body mass index was not reported or measured, which 

could be a confounding factor as obesity is associated with a lower taste sensitivity 

in children 11.

In conclusion, normative values for the “Taste Strips” were obtained for children aged 

6 – 15 years, highlighting age and sex differences. These results bolster the clinical 

utility of the “Taste Strips” among children in a clinical setting, beyond its easy and 

quick administration.
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Although taste dysfunction is thought to be rare in childhood, the detrimental 

impact of such dysfunction might be large, as children’s eating habits are strongly 

ǛǾ˛ɍƲǾƤƲƫ٪ƣɬ٪ǛǾȬɍɅ٪ǌȯȉǼ٪ɅǕƲ٪ƤǕƲǼǛƤƇǳ٪ȷƲǾȷƲȷؘ

Measuring taste function may elucidate the relationship between taste dysfunction 

and disease, fostering the development of more appropriate supportive strategies. 

However, adequate tools are lacking for children.

Normative values of the “Taste Strips” are now available for children, which bolster 

the clinical utility of this test.
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ABSTRACT

Aims UƫƲǾɅǛǌɬ٪ֿخ٪ȬȯƲȷƲǾƤƲ٪ƇǾƫ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪

ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪خ׀٪ƇȷȷȉƤǛƇɅǛȉǾȷ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅعȯƲǳƇɅƲƫ٪ǌƇƤɅȉȯȷ٪

ƇǾƫ٪ǾƇɍȷƲƇؙ٪ׁخ٪ȯƲǳƇɅǛȉǾȷǕǛȬ٪ƣƲɅɦƲƲǾ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƇǾƫ٪ǕƲƇǳɅǕعȯƲǳƇɅƲƫ٪

ȮɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ٪حO§¦ȉjخ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ

Methods �٪ǕǛȷɅȉȯǛƤƇǳ٪ƤȉǕȉȯɅ٪ȷɅɍƫɬ٪ȉǌ٪ֿׅ׆٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ֿ׀٪ػ٪׀ح٪ɬƲƇȯȷخ٪ɦƇȷ٪

conducted. Presence and severity of nausea were assessed at 3, 6, 9, and 12 months 

ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷ٪ɍȷǛǾǍ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦jׁؘ־٪�ƇǾƤƲȯ٪tȉƫɍǳƲؙ٪ƤȉǼȬȯǛȷǛǾǍ٪

٪tɍǳɅǛɥƇȯǛƇƣǳƲ٪ؘخɬƲƇȯȷ٪ֿ׀٪ػ٪׆ح٪ȯƲȬȉȯɅعȉȯ٪ȷƲǳǌ٪خɬƲƇȯȷ٪ׅ٪ػ٪׀ح٪ȯƲȬȉȯɅعȷɬǼȬɅȉǼȷؙ٪ɍȷǛǾǍ٪Ȭȯȉɫɬ٪׃

multilevel analyses were performed to evaluate the association between patient-

ȯƲǳƇɅƲƫ٪ǌƇƤɅȉȯȷ٪ƇǾƫ٪ǾƇɍȷƲƇؘ٪�ɥƲȯƇǳǳ٪O§¦ȉj٪حǍƲǾƲȯǛƤ٪¤Ʋƫȷ¦jخ٪ɦƇȷ٪ƤȉǼȬƇȯƲƫ٪ƣƲɅɦƲƲǾ٪

children with presence and absence of nausea related-symptoms.

Results The presence of nausea during medical treatment was highest at 6 months 

ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷ٪ ٪OǛǍǕƲȷɅ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪ɦƇȷ٪ȷƲƲǾ٪ȉǾ٪ɅǕƲ٪ؘخڤׇؘ׀ׂح ǛɅƲǼ٪نǌȉȉƫ٪

ǾȉɅ٪ɅƇȷɅǛǾǍ٪Ǎȉȉƫح٪هȯƇǾǍƲ٪ؘخڤ׆ؘ׀ׄ٪ػ٪ڤֿؘׄ׃٪¤ƇǛǾؙ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬؙ٪ƇǾƫ٪ɦȉȯȯɬ٪ɦƲȯƲ٪

ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǾƇɍȷƲƇ٪ǛǾ٪Ƈǳǳ٪ƤǕǛǳƫȯƲǾؘ٪UǾ٪ȬƇɅǛƲǾɅȷ٪ƇǍƲƫ٪ֿ׀٪ػ٪׆٪ɬƲƇȯȷؙ٪

male gender, a solid tumor, and BMI were associated with nausea. Patients with 

solid tumors were at higher risk of nausea compared to patients with hematological 

malignancies or brain/CNS tumors. Patients with a high BMI reported less nausea 

compared to patients with a normal BMI. For all nausea-related symptoms, average 

O§¦ȉj٪ȷƤȉȯƲȷ٪ɦƲȯƲ٪ׇׇؘ٪ػ٪ֿׂׂؘ٪ȬȉǛǾɅȷ٪ǳȉɦƲȯ٪ǌȉȯ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ȷɬǼȬɅȉǼȷ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪

patients without symptoms.

Conclusion Nausea is still a major problem in children with cancer and has a negative 

ǛǼȬƇƤɅ٪ȉǾ٪O§¦ȉjؘ

Keywords Childhood cancer, vƇɍȷƲƇؙ٪½ƇȷɅƲؙ٪¯ǼƲǳǳؙ٪¦ɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ
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INTRODUCTION

As a result of intensive therapies, almost all children with cancer experience physical 

and psychological symptoms, consequently interfering with health-related quality 

ȉǌ٪ǳǛǌƲ٪حO§¦ȉj4-1٪خ. Several studies have cited nausea as one of the most frequent and 

distressing symptoms among children with cancer with occurrence rates ranging 

from 13.4 to 100% 5-7ؘ٪vƇɍȷƲƇ٪Ǜȷ٪ƫǛǌ˚ƤɍǳɅ٪Ʌȉ٪ƫƲ˚ǾƲؙ٪Ƈȷ٪ǛɅ٪Ǜȷ٪Ƈ٪ȷɍƣǬƲƤɅǛɥƲ٪ǌƲƲǳǛǾǍ٪ɦǕǛƤǕ٪Ǜȷ٪

experienced differently in patients. Studies among adult patients have demonstrated 

that nausea is not just a single symptom but is frequently accompanied by a cluster 

of symptoms, such as anticipatory nausea, taste changes, and appetite loss 8-10. 

�ǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƲɫȬǳƇǛǾƲƫ٪Ǖȉɦ٪ȷȬƲƤǛ˚Ƥ٪ǌȉȉƫ٪ƇǾƫ٪ȷǼƲǳǳȷ٪ǛǾ٪ɅǕƲ٪ǕȉȷȬǛɅƇǳ٪ƤƇǾ٪ƣƲ٪

a trigger for food aversions or anticipatory nausea 11.

Knowledge about potential risk factors might contribute to the prevention and 

targeted treatment of nausea and its related symptoms in children with cancer. A 

previous study showed higher prevalence rates of nausea in children with a solid 

tumor compared to children with leukemia or lymphoma 6. Several studies in children 

with cancer showed that older age and intensive treatment are important risk factors 
12-14. Gender does not appear to be associated with the risk of nausea 6, although 

ǕǛǍǕƲȯ٪ƫǛȷɅȯƲȷȷ٪ǛǾ٪Ƈ٪ȷɬǼȬɅȉǼ٪ƤǳɍȷɅƲȯؙ٪ɦǕǛƤǕ٪ǛǾƤǳɍƫƲƫ٪ǾƇɍȷƲƇؙ٪ɦƇȷ٪ǛƫƲǾɅǛ˚Ʋƫ٪ǛǾ٪ƣȉɬȷ٪

compared to girls 10. In adult cancer patients several risk factors including pain, 

ƇǾɫǛƲɅɬؙ٪ɅɬȬƲ٪ȉǌ٪ƤƇǾƤƲȯؙ٪ǳȉɦ٪ȷȉƤǛƇǳ٪ǌɍǾƤɅǛȉǾǛǾǍؙ٪ƇǾƫ٪Ƈ٪ǳȉɦƲȯ٪ƣȉƫɬ٪ǼƇȷȷ٪ǛǾƫƲɫ٪ح�tUخ٪

seem to be associated with nausea 15-17.

As previous studies included small numbers of participants or were limited to one 

ȷȬƲƤǛ˚Ƥ٪ƤƇǾƤƲȯ٪ƫǛƇǍǾȉȷǛȷؙ٪ ɅǕƲ٪ƲɫƇƤɅ٪ȬȯƲɥƇǳƲǾƤƲ٪ƇǾƫ٪ ȯǛȷǯ٪ ǌƇƤɅȉȯȷ٪ ǌȉȯ٪ǾƇɍȷƲƇ٪ƇǾƫ٪

nausea-related symptoms in children with cancer, including its potential relationship 

ɦǛɅǕ٪O§¦ȉjؙ٪ ȯƲǼƇǛǾȷ٪ɍǾƤǳƲƇȯ٪ƇǾƫ٪ǕƇǼȬƲȯ٪ ɅƇȯǍƲɅƲƫ٪ ǛǾɅƲȯɥƲǾɅǛȉǾȷ٪ Ʌȉ٪ȬȯƲɥƲǾɅ٪ȉȯ٪

ɅȯƲƇɅ٪ɅǕƲȷƲ٪ȷɬǼȬɅȉǼȷؘ٪½ǕƲȯƲǌȉȯƲؙ٪ɦƲ٪ƫƲȷǛǍǾƲƫ٪Ƈ٪ȷɅɍƫɬ٪ƇǛǼǛǾǍ٪Ʌȉ٪ֿخ٪ƫƲɅƲȯǼǛǾƲ٪ɅǕƲ٪

ȬȯƲȷƲǾƤƲ٪ƇǾƫ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪

ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪خ׀٪ǛƫƲǾɅǛǌɬ٪ȯǛȷǯ٪ǌƇƤɅȉȯȷ٪ǌȉȯ٪ǾƇɍȷƲƇؙ٪ƇǾƫ٪ׁخ٪ƲɫȬǳȉȯƲ٪ɅǕƲ٪ȯƲǳƇɅǛȉǾȷǕǛȬ٪

ƣƲɅɦƲƲǾ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƇǾƫ٪O§¦ȉj٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ
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METHODS

Participants and procedures

In the Netherlands, all children with cancer are treated at the Princess Máxima Center 

ǌȉȯ٪¤ƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ǛǾ٪ÄɅȯƲƤǕɅؘ٪�ȷ٪ȬƇȯɅ٪ȉǌ٪ȷɅƇǾƫƇȯƫ٪ƤƇȯƲؙ٪ɅǕƲ٪gjUg٪حgɦƇǳǛɅƲǛɅ٪ɥƇǾ٪

jƲɥƲǾ٪UǾ٪gƇƇȯɅؙ٪%ɍɅƤǕ٪ƇƤȯȉǾɬǼ٪ǌȉȯ٪¦ɍƇǳǛɅɬ٪ȉǌ٪jǛǌƲ٪ǛǾ٪�ǳǛǾǛƤƇǳ٪¤ȯƇƤɅǛƤƲخ٪ȬƇɅǛƲǾɅعȯƲȬȉȯɅƲƫ٪

ȉɍɅƤȉǼƲ٪ǼƲƇȷɍȯƲ٪ح¤§�tخ٪ȬȉȯɅƇǳ٪Ǜȷ٪ɍȷƲƫ٪ǌȉȯ٪ǼȉǾǛɅȉȯǛǾǍ٪¦ȉj٪ȉɍɅƤȉǼƲȷ٪18. Cancer-

ȷȬƲƤǛ˚Ƥ٪ƇǾƫ٪ǍƲǾƲȯǛƤ٪O§¦ȉj٪ȮɍƲȷɅǛȉǾǾƇǛȯƲȷ٪19-21 are offered every three months during 

treatment prior to a doctor’s appointment in the outpatient clinic, including proxy-

ȯƲȬȉȯɅ٪ػ٪׀ح٪ׅ٪ɬƲƇȯȷخ٪ȉȯ٪ȷƲǳǌعȯƲȬȉȯɅ٪ֿ׀٪ػ٪׆ح٪ɬƲƇȯȷؘخ٪FƇǼǛǳǛƲȷ٪ƇȯƲ٪ǛǾǌȉȯǼƲƫ٪ȯƲǍƇȯƫǛǾǍ٪ɅǕƲ٪

ɍȷƲ٪ȉǌ٪ɅǕƲȷƲ٪ƫƇɅƇ٪ǌȉȯ٪ȯƲȷƲƇȯƤǕ٪ȬɍȯȬȉȷƲȷ٪ƇǾƫ٪ȬƇɅǛƲǾɅȷ٪׀ֿړح٪ɬƲƇȯȷخ٪ƇǾƫ٪ƤƇȯƲǍǛɥƲȯȷ٪ƇȯƲ٪

ƇȷǯƲƫ٪ǌȉȯ٪ǛǾǌȉȯǼƲƫ٪ƤȉǾȷƲǾɅؘ٪½ǕƲ٪tƲƫǛƤƇǳ٪-ɅǕǛƤȷ٪�ȉǼǼǛɅɅƲƲ٪ǕƇȷ٪ƤȉǾ˚ȯǼƲƫ٪ɅǕƇɅ٪ɅǕƲ٪

Medical Research Involving Human Subjects Act does not apply to this study.

For the current study, data from January 2016 to May 2021 were available. During 

this period, antiemetic treatment was provided according to the Multinational 

�ȷȷȉƤǛƇɅǛȉǾ٪ȉǌ٪¯ɍȬȬȉȯɅǛɥƲ٪�ƇȯƲ٪ǛǾ٪�ƇǾƤƲȯ٪حt�¯��٪ȬƲƫǛƇɅȯǛƤ٪ǍɍǛƫƲǳǛǾƲ٪ǌȉȯ٪ȬȯƲɥƲǾɅǛȉǾ٪خ

ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬعǛǾƫɍƤƲƫ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ɥȉǼǛɅǛǾǍ٪ح�UvÜ22٪خ.

�ǕǛǳƫȯƲǾؙ٪ȉȯ٪ɅǕƲǛȯ٪ȬƇȯƲǾɅȷؙ٪ɦǕȉ٪ƤȉǼȬǳƲɅƲƫ٪ɅǕƲ٪ƤƇǾƤƲȯعȷȬƲƤǛ˚Ƥ٪O§¦ȉj٪ȮɍƲȷɅǛȉǾǾƇǛȯƲ٪

ƇɅ٪ǳƲƇȷɅ٪ȉǾƤƲ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪ɦƲȯƲ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕǛȷ٪ȷɅɍƫɬؘ

Given some individual variation in timing of the KLIK assessments, we assigned the 

patients’ collection time to the time points 3, 6, 9 and 12 months after diagnosis.

Measures

Nausea and nausea-related symptoms

Nausea and nausea-related symptoms were measured using the nausea scale of 

ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲ٪ׁؘ٪20־. This questionnaire consists of 27 items, measuring 

ƤƇǾƤƲȯعȷȬƲƤǛ˚Ƥ٪ O§¦ȉj٪ ȉǾ٪ ƲǛǍǕɅ٪ ƫǛǼƲǾȷǛȉǾȷؚ٪ ȬƇǛǾؙ٪ ǾƇɍȷƲƇؙ٪ ȬȯȉƤƲƫɍȯƇǳ٪ ƇǾɫǛƲɅɬؙ٪

treatment anxiety, worry, cognitive problems, perceived physical appearance, 

ƇǾƫ٪ƤȉǼǼɍǾǛƤƇɅǛȉǾؘ٪½ǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ǛǾƤǳɍƫƲȷ٪˚ɥƲ٪ǛɅƲǼȷؚ٪ǾƇɍȷƲƇ٪ƫɍȯǛǾǍ٪ǼƲƫǛƤƇǳ٪

treatment, food not tasting good, nausea while thinking of medical treatment, being 

too nauseous to eat, and nausea caused by food/smells. Items are rated by the parent 

ȉȯ٪ƤǕǛǳƫ٪ȉǾ٪Ƈ٪ع׃ȬȉǛǾɅ٪jǛǯƲȯɅ٪ȷƤƇǳƲؙ٪ȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ح٪־ǾƲɥƲȯ٪Ƈ٪ȬȯȉƣǳƲǼخ٪Ʌȉ٪ׂ ٪ƇǳǼȉȷɅ٪ƇǳɦƇɬȷح٪

Ƈ٪ȬȯȉƣǳƲǼخ٪ȯƲ˛ƲƤɅǛǾǍ٪ɅǕƲ٪ƤǕǛǳƫىȷ٪ƲɫȬƲȯǛƲǾƤƲȷ٪ǛǾ٪ɅǕƲ٪ǳƇȷɅ٪ɦƲƲǯ٪ȬȯǛȉȯ٪Ʌȉ٪ɅǕƲ٪ȉɍɅȬƇɅǛƲǾɅ٪
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visit. Each answer is reversed scored and rescaled to 0 – 100. Higher scores indicate 

lower severity of nausea. Both the sum score on the nausea scale and the item scores 

were used separately for analyses. Cronbach’s alphas of the nausea scale in this study 

ȯƇǾǍƲƫ٪ǌȯȉǼ٪ֿؘ׆٪Ʌȉ٪ؘح٪ׁ׆ȬȯȉɫɬعȯƲȬȉȯɅخ٪ƇǾƫ٪ؘׅׄ٪Ʌȉ٪ؘح٪׀׆ȷƲǳǌعȯƲȬȉȯɅؘخ

Generic HRQoL

GƲǾƲȯǛƤ٪O§¦ȉj٪ɦƇȷ٪ǼƲƇȷɍȯƲƫ٪ɍȷǛǾǍ٪ɅǕƲ٪¤Ʋƫȷ¦j٪ׂؘ־٪GƲǾƲȯǛƤ٪�ȉȯƲ٪¯ƤƇǳƲȷ٪19, 21. The 

ȮɍƲȷɅǛȉǾȷ٪ƇȯƲ٪ȷƤȉȯƲƫ٪ǛǾ٪ɅǕƲ٪ȷƇǼƲ٪ɦƇɬ٪Ƈȷ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲؘ٪OǛǍǕƲȯ٪ȷƤȉȯƲȷ٪

ǛǾƫǛƤƇɅƲ٪ǕǛǍǕƲȯ٪O§¦ȉjؘ

Potential risk factors

Participants’ characteristics

Clinical and demographic data were extracted from medical records, including age, 

gender, cancer type, length, weight, and BMI expressed as standard deviation scores 

 ”and categorized as “Low BMI 23٪خƤƇǳƤɍǳƇɅƲƫ٪ǌȯȉǼ٪%ɍɅƤǕ٪ȯƲǌƲȯƲǾƤƲ٪ȷɅƇǾƫƇȯƫȷ٪؛¯%¯ح

�٪vȉȯǼƇǳن٪ؙخ¯%¯׀عڒحtU׀عح٪ه¯%¯٪Ʌȉ٪خ¯%¯׀ڋ٪ƇǾƫ٪نOǛǍǕ٪�tUؘخ¯%¯׀ڋڑح٪ه

Other risk factors

The sum scores of the subscales “pain”, “treatment anxiety” and “worry” of the 

¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲ٪ɦƲȯƲ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕƲ٪ƇǾƇǳɬȷƲȷ٪Ƈȷ٪ȬȉɅƲǾɅǛƇǳ٪ȯǛȷǯ٪ǌƇƤɅȉȯȷؘ٪¯ƤȉȯƲȷ٪

range between 0 – 100, with higher scores indicating less symptom burden.

Statistical analysis

Statistical analyses were conducted in the Statistical Package for Social Sciences 

٪خ¯¯¤¯ح ɥƲȯȷǛȉǾ٪ ٪ƲǼȉǍȯƇȬǕǛƤƇǳ%٪ؘ־ؘׄ׀ ƇǾƫ٪ ƤǳǛǾǛƤƇǳ٪ ƤǕƇȯƇƤɅƲȯǛȷɅǛƤȷ٪ ȉǌ٪ ɅǕƲ٪ ǛǾƤǳɍƫƲƫ٪

ȬƇȯɅǛƤǛȬƇǾɅȷ٪ɦƲȯƲ٪ƇǾƇǳɬɶƲƫ٪ɍȷǛǾǍ٪ƫƲȷƤȯǛȬɅǛɥƲ٪ȷɅƇɅǛȷɅǛƤȷؘ٪¯ƤȉȯƲȷ٪ǌȉȯ٪ɅǕƲ٪˚ɥƲ٪ǛɅƲǼȷ٪ȉǌ٪

ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ɦƲȯƲ٪ƫǛƤǕȉɅȉǼǛɶƲƫ٪ƇǾƫ٪ƫƲȷƤȯǛȬɅǛɥƲ٪ȷɅƇɅǛȷɅǛƤȷ٪حȬƲȯƤƲǾɅƇǍƲȷخ٪ɦƲȯƲ٪

calculated to identify the proportion of children with cancer reporting absence 

عȉǌ٪ǾƇɍȷƲƇ٪خىىƇǳǼȉȷɅ٪ƇǳɦƇɬȷعȉǌɅƲǾعȷȉǼƲɅǛǼƲȷووح٪ȉȯ٪ȬȯƲȷƲǾƤƲ٪خىىƇǳǼȉȷɅ٪ǾƲɥƲȯعǾƲɥƲȯووح

ȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷؘ٪Fȉȯ٪ƲƇƤǕ٪ǛɅƲǼ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲؙ٪ǼƲƇǾ٪ǍƲǾƲȯǛƤ٪¤Ʋƫȷ¦j٪ɅȉɅƇǳ٪

scores of both proxy- and self-report data were plotted against symptom presence 

Ʌȉ٪ƲɫȬǳȉȯƲ٪ɅǕƲǛȯ٪ǛǼȬƇƤɅ٪ȉǾ٪O§¦ȉjؘ٪خǾȉإɬƲȷح

Multivariable regression models were estimated to study the association between 

potential risk factors and nausea. To account for the presence of repeated measures, 

ǳǛǾƲƇȯ٪ǼǛɫƲƫ٪ǼȉƫƲǳȷ٪ɦƲȯƲ٪ƲȷɅǛǼƇɅƲƫؘ٪�ǳǳ٪ȮɍƲȷɅǛȉǾǾƇǛȯƲȷ٪ƤȉǼȬǳƲɅƲƫ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪

4
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year of treatment were included. Different models were estimated for proxy-report 

and self-report. For both analyses the sum score of the nausea scale was used as 

the dependent variable. The following potential risk factors were included: age, 

sex, diagnosis, time since diagnosis, BMI, pain, treatment anxiety, and worry. An 

unstructured correlation structure was used in both linear mixed models. Likelihood 

ratio tests were used to determine the best model for each analysis. P values 

٪ɦƲȯƲ٪ƤȉǾȷǛƫƲȯƲƫ٪ȷɅƇɅǛȷɅǛƤƇǳǳɬ٪ȷǛǍǾǛ˚ƤƇǾɅؘ٪½ȉ٪ȉƣɅƇǛǾ٪ȷɅƇǾƫƇȯƫǛɶƲƫ٪ȯƲǍȯƲȷȷǛȉǾ٪׃־ؘ־ڒ

ƤȉƲǌ˚ƤǛƲǾɅȷ٪حɴخ٪ǛǾ٪ƇƫƫǛɅǛȉǾ٪Ʌȉ٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪ح�٪ƤȉǾɅǛǾɍȉɍȷ٪ɥƇȯǛƇƣǳƲȷ٪ɦƲȯƲ٪ؙخ

standardized. Effect sizes for potential risk factors were calculated 24.

RESULTS

Participants

Data of 781 unique patients were included, resulting in 1322 completed 

ȮɍƲȷɅǛȉǾǾƇǛȯƲȷ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؘ٪OƲǼƇɅȉǳȉǍǛƤƇǳ٪ǼƇǳǛǍǾƇǾƤǛƲȷ٪ɦƲȯƲ٪

ɅǕƲ٪ǼȉȷɅ٪ƤȉǼǼȉǾ٪ƫǛƇǍǾȉȷǛȷ٪ؙخڤֿׁؘ׃ح٪ǌȉǳǳȉɦƲƫ٪ƣɬ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷ٪خڤؘׄ׆׀ح٪ƇǾƫ٪ƣȯƇǛǾإ�v¯٪

ǼƇǳǛǍǾƇǾƤǛƲȷ٪ؘخڤׁؘ׆ֿح٪tƲƫǛƇǾ٪ƇǍƲ٪ȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷ٪ɦƇȷ٪ؘׄ׆٪ɬƲƇȯȷ٪حȯƇǾǍƲ٪خ־ֿؘ׀٪ػ٪־ؘ׀٪ƇǾƫ٪

ؘخֿ٪ƇƣǳƲ½ح٪ɦƲȯƲ٪ǍǛȯǳ٪ڤׂؘ׀ׂ

Table 1.٪¤ƇɅǛƲǾɅ٪ƫƲǼȉǍȯƇȬǕǛƤ٪ƇǾƫ٪ƤǳǛǾǛƤƇǳ٪ƤǕƇȯƇƤɅƲȯǛȷɅǛƤȷ٪حn٪خֿ׆ׅ٪ڏ٪

Age at diagnosisؙ٪ɬؙ٪ǼƲƫǛƇǾ٪حȯƇǾǍƲخ 6.8 2.0 – 21.0
N %

Gender
  Girls 331 42.4
  Boys 450 57.6

Diagnosisa

Hematological 415 53.1
  ALL 255 32.7
  AML 35 4.5
  Hodgkin lymphoma 59 7.6
  Non-Hodgkin lymphoma 50 6.4
  LCH 16 2.0

Solid tumors 223 28.6
  Renal 57 7.3
  Soft tissue 53 6.8
  Bone 41 5.2
  Neuroblastoma 39 5.0
٪٪GƲȯǼ٪ƤƲǳǳ٪حǾȉǾع�v¯خ 13 1.7
  Hepatic 10 1.3
  Other 10 1.3
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Table 1. (continued)

Brain/CNS tumors 143 18.3
  LGG 61 7.8
  Medulloblastoma 29 3.7
  HGG 20 2.6
  CNS germ cell 8 1.0
  Craniopharyngioma 8 1.0
  Ependymoma 7 0.9
  Embryonal 2 0.3
  PNET 1 0.1
  DNET 1 0.1
  Other 6 0.8

a �ǳƇȷȷǛ˚Ʋƫ٪ƇƤƤȉȯƫǛǾǍ٪Ʌȉ٪ɅǕƲ٪tƇǛǾ٪�ǳƇȷȷǛ˚ƤƇɅǛȉǾ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪�ǳƇȷȷǛ˚ƤƇɅǛȉǾ٪ȉǌ٪�ǕǛǳƫǕȉȉƫ٪�ƇǾƤƲȯ٪
�Uح���j٪؛ƇƤɍɅƲ٪ǼɬƲǳȉǛƫ٪ǳƲɍǯƲǼǛƇ٪ڏ�tj٪؛ƇƤɍɅƲ٪ǳɬǼȬǕȉƣǳƇȷɅǛƤ٪ǳƲɍǯƲǼǛƇ٪ڏ�jj٪ؘخׁعOڏ٪jƇǾǍƲȯǕƇǾȷ٪ƤƲǳǳ٪
ǕǛȷɅǛȉƤɬɅȉȷǛȷ؛٪�v¯ڏ٪ƤƲǾɅȯƇǳ٪ǾƲȯɥȉɍȷ٪ȷɬȷɅƲǼ؛٪jGGڏ٪ǳȉɦ٪ǍȯƇƫƲ٪ǍǳǛȉǼƇ؛٪OGGڏ٪ǕǛǍǕ٪ǍȯƇƫƲ٪ǍǳǛȉǼƇ؛٪¤v-½ڏ٪
ȬȯǛǼǛɅǛɥƲ٪ǾƲɍȯȉعƲƤɅȉƫƲȯǼƇǳ٪ɅɍǼȉȯ؛٪%v-½ڏ٪ƫɬȷƲǼƣȯɬȉȬǳƇȷɅǛƤ٪ǾƲɍȯȉƲȬǛɅǕƲǳǛƇǳ٪ɅɍǼȉȯؘ

Presence of nausea-related symptoms and severity of nausea

Nausea during medical treatment was present in 41.8% and 42.9% of the patients at 

3 and 6 months after diagnosis respectively and gradually decreased to 24.8% at 12 

months. Occurrence rates of all nausea-related symptoms were highest 6 months 

and lowest 12 months after diagnosis. Highest symptom presence was seen on the 

ǛɅƲǼ٪نǌȉȉƫ٪ǾȉɅ٪ɅƇȷɅǛǾǍ٪Ǎȉȉƫح٪هȯƇǾǍƲ٪خڤ׆ؘ׀ׄ٪ػ٪ֿؘׄ׃٪ƇǾƫ٪ǳȉɦƲȷɅ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪

ɦƇȷ٪ǌȉɍǾƫ٪ǌȉȯ٪ƇǾɅǛƤǛȬƇɅȉȯɬ٪ǾƇɍȷƲƇ٪حȯƇǾǍƲ٪ֿح٪خڤ־ׂؘ׀٪ػ٪׀ؘ׆FǛǍɍȯƲ٪ֿؘخ٪§ƲȷɍǳɅȷ٪ȉǌ٪ȷɬǼȬɅȉǼ٪

presence separately for patients aged 2 – 7 and 8 – 21 years can be found in the 

Supplement.
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Figure 1. �ƤƤɍȯȯƲǾƤƲ٪ȯƇɅƲȷ٪ȉǌ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƇɅ٪ׁ٪حn٪ح٪ׄ٪ؙخׂ׃ׁ٪ڏn٪ح٪ׇ٪ؙخ׀ֿׁ٪ڏn٪ؙخׅׅ׀٪ڏ٪ƇǾƫ٪ֿ׀٪
٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷؘ٪¤ȯƲȷƲǾƤƲ٪ɦƇȷ٪ƫƲ˚ǾƲƫ٪Ƈȷ٪خׅ־ׁ٪ڏ٪nح ٪ȉǾ٪ىىƇǳǼȉȷɅ٪ƇǳɦƇɬȷعȉǌɅƲǾعȷȉǼƲɅǛǼƲȷوو
ƇǾ٪ǛɅƲǼ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲؘ٪¤ȯȉɫɬع٪ƇǾƫ٪ȷƲǳǌعȯƲȬȉȯɅ٪ɦƲȯƲ٪ƤȉǼƣǛǾƲƫؘ

FǛǍɍȯƲ٪׀٪ǛǳǳɍȷɅȯƇɅƲȷ٪ɅǕƲ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇ٪حƣƇȷƲƫ٪ȉǾ٪ɅǕƲ٪ǼƲƇǾ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪

ȷɍǼ٪ȷƤȉȯƲؘخ٪UǾ٪ɬȉɍǾǍ٪ƤǕǛǳƫȯƲǾؙ٪ǼƲƇǾ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇ٪ǍȯƇƫɍƇǳǳɬ٪ǛǼȬȯȉɥƲƫ٪ǌȯȉǼ٪ׄ ؘׅׄ٪

٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷؙ٪ȯƲȷȬƲƤɅǛɥƲǳɬؘ٪UǾ٪ȉǳƫƲȯ٪׀ֿ٪ƇɅ٪ׁ٪ƇǾƫ٪خ׆ؘ־׀ڏ%¯ح٪ؘׅׄׄ٪Ʌȉ٪خׁׁؘ׀ڏ%¯ح

children, nausea was reported to be most severe at 6 months after diagnosis 65.3 

ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷؘ٪׀ֿ٪ƇɅ٪خֿׁؘ׀ڏ%¯ح٪ׁׂؘׅ٪ƇǾƫ٪ɅǕƲǾ٪ǍȯƇƫɍƇǳǳɬ٪ǛǼȬȯȉɥƲƫ٪Ʌȉ٪خ׆ֿؘ׀ڏ%¯ح

Figure 2. ¯ƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇؙ٪ƣƇȷƲƫ٪ȉǾ٪ɅǕƲ٪ǼƲƇǾ٪ȷɍǼ٪ȷƤȉȯƲ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪
tȉƫɍǳƲ٪حȷƲǳǌع٪ƇǾƫ٪ȬȯȉɫɬعȯƲȬȉȯɅخ٪ƇɅ٪ׁ ؙ٪ׄ ؙ٪ׇ ٪ƇǾƫ٪ֿ ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷؘ٪OǛǍǕƲȯ٪ȷƤȉȯƲȷ٪ǛǾƫǛƤƇɅƲ٪ǳƲȷȷ٪ǾƇɍȷƲƇؘ٪׀
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Risk factors for nausea

In children aged 2 – 7 years, time since diagnosis, pain, treatment anxiety, and worry 

ɦƲȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǾƇɍȷƲƇؘ٪vƇɍȷƲƇ٪ȷƤȉȯƲȷ٪ǛǼȬȯȉɥƲƫ٪ǍȯƇƫɍƇǳǳɬ٪ȉɥƲȯ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪

ɅȯƲƇɅǼƲǾɅ٪ح�ڏ ̄٪ֿؙ־ؘׅ ̄٪ׇؙ׀ؘ־ڏ�ح٪ƇǛǾ¤٪ؘخ׃ֿؘ׀ڏ- ̄٪ؙ׆ֿؘ־ڏ�ح٪ɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬ٪ؙخׁ־ؘ־ڏ- ٪خׁ־ؘ־ڏ-

ƇǾƫ٪ɦȉȯȯɬ٪ح�٪ɦƲȯƲ٪ǌȉɍǾƫ٪Ʌȉ٪ƣƲ٪ȯǛȷǯ٪ǌƇƤɅȉȯȷ٪ǌȉȯ٪ǾƇɍȷƲƇ٪Ƈȷ٪ǕǛǍǕƲȯ٪ȷƤȉȯƲȷ٪ؙخ׃־ؘ־ڏ-¯٪ֿؙ׀ؘ־ڏ

ȉǾ٪ɅǕƲȷƲ٪ȷɍƣȷƤƇǳƲȷ٪ƇȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǳƲȷȷ٪ǾƇɍȷƲƇ٪ح½ƇƣǳƲ٪ؘخ׀

In patients aged 8 – 21 years, gender, BMI, diagnosis group, pain, treatment anxiety, 

ƇǾƫ٪ɦȉȯȯɬ٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǾƇɍȷƲƇؘ٪GǛȯǳȷ٪ȯƲȬȉȯɅƲƫ٪ǕǛǍǕƲȯ٪ȷƤȉȯƲȷ٪

ɅǕƇǾ٪ƣȉɬȷ٪ح�٪ǛǾƫǛƤƇɅǛǾǍ٪ɅǕƇɅ٪ǍǛȯǳȷ٪ȷɍǌǌƲȯ٪ǳƲȷȷ٪ǌȯȉǼ٪ǾƇɍȷƲƇ٪ɅǕƇǾ٪ƣȉɬȷؘ٪ؙخׇֿֿؘڏ-¯٪ؙ׀־ׂؘڏ

Compared to patients with a solid tumor, higher scores were reported by patients 

ɦǛɅǕ٪Ƈ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ǼƇǳǛǍǾƇǾƤɬ٪ح��إƇǾƫ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪Ƈ٪ƣȯƇǛǾ٪خֿׁؘ׀ڏ-¯٪ؙ׀ׂؘ׆ڏv¯٪

ɅɍǼȉȯ٪ح��إǼƲƇǾǛǾǍ٪ɅǕƇɅ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ƇǾƫ٪ƣȯƇǛǾ٪خׁ׆ؘ׀ڏ-¯٪ֿֿֿׁؘؙڏv¯٪

malignancies suffer less from nausea than patients with a solid tumor. Patients with a 

ǕǛǍǕ٪�tU٪ȯƲȬȉȯɅƲƫ٪ǳƲȷȷ٪ǾƇɍȷƲƇ٪ح�٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪Ƈ٪ǾȉȯǼƇǳ٪خׁׂؘׄڏ-¯٪ֿֿׁׁؘؙڏ

�tUؘ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ȬƇǛǾ٪ح�ֿؘ־ڏ ٪ƇǾƫ٪خ׃־ؘ־ڏ-¯٪ؙ׀ֿؘ־ڏ�ح٪ɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬ٪ؙخׂ־ؘ־ڏ-¯٪ؙׅ

ɦȉȯȯɬ٪ح�٪ɦƲȯƲ٪ǌȉɍǾƫ٪Ʌȉ٪ƣƲ٪ȯǛȷǯ٪ǌƇƤɅȉȯȷ٪ǌȉȯ٪ǾƇɍȷƲƇؚ٪ǕǛǍǕƲȯ٪ȷƤȉȯƲȷ٪ȉǾ٪خׂ־ؘ־ڏ-¯٪ؙ׃׀ؘ־ڏ

ɅǕƲȷƲ٪ȷɍƣȷƤƇǳƲȷ٪حǼƲƇǾǛǾǍ٪ǌƲɦƲȯ٪ȬȯȉƣǳƲǼȷ٪ɦǛɅǕ٪ɅǕƲȷƲ٪ȷɬǼȬɅȉǼȷخ٪ƇȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪

ǳƲȷȷ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ɥǛƤƲ٪ɥƲȯȷƇؘ٪½ǕƲ٪ȯƲȷɍǳɅȷؙ٪ǛǾƤǳɍƫǛǾǍ٪ȷɅƇǾƫƇȯƫǛɶƲƫ٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪

and effect sizes, are summarized in Table 2.

UǾ˛ɍƲǾƤƲ٪ȉǌ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ȉǾ٪O§¦ȉj

UǾ٪ ƤǕǛǳƫȯƲǾ٪ ƇǍƲƫ٪ ٪׀ ٪ػ ׅ٪ ƇɥƲȯƇǍƲ٪O§¦ȉj٪ ȷƤȉȯƲȷ٪ɦƲȯƲ٪ ֿֿؘׄ٪ ٪ػ ֿׂׂؘ٪ ȬȉǛǾɅȷ٪ ǳȉɦƲȯ٪ ǌȉȯ٪

ȬƇȯɅǛƤǛȬƇǾɅȷ٪ɦǛɅǕ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪حɬƲȷإǾȉخ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ɦǛɅǕȉɍɅ٪

ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪حFǛǍɍȯƲ٪ׁؘخ�٪§ƲǍƇȯƫǛǾǍ٪ȬƇɅǛƲǾɅȷ٪ƇǍƲƫ٪ح٪ֿ׀٪ػ٪׆FǛǍɍȯƲ٪ׁ�٪ƇɥƲȯƇǍƲ٪ؙخ

O§¦ȉj٪ȷƤȉȯƲȷ٪ɦƲȯƲ٪ׇׇؘ٪ػ٪ֿׁׁؘ٪ȬȉǛǾɅȷ٪ǳȉɦƲȯ٪ǌȉȯ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ɦǛɅǕ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲؘ
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Table 2. Multivariable linear regression mixed model for patient-related factors and nausea

2 – 7 years, proxy-report
n = 413, 722 responses

8 – 21 years, self-report
n = 368, 600 responses

Variables Ba, d

(95% CI)
SEb şc, d, e Ba, d

(95% CI)
SEb şc, d, e

Time since diagnosis, year أأ7.01

خׁ׀ֿֿؘ؛ׇؘׅ׀ح
2.15 0.31†† 1.60

خׇ׆ؘ׃؛־ؘׅ׀عح
2.19 0.07

Gender: girl vs boyf 2.40
خׇؘׄ׃؛ׇ׆ؘ־عح

1.68 0.11 أ4.02

؛ׅ׀ؘ־ح خؘׅׅׅ
1.91 0.18

Age, y -.47
خֿؘׄ־؛ׂ׃ֿؘعح

.55 -0.10† 0.28
خ־ׇؘ־؛ׁׁؘ־عح

0.31 0.07

BMIz٪׀ڔ٪¯%¯٪ڔ׀عحfخ

  <2 SDS 2.84
خֿ׃ؘ־ֿ؛ׁ׆ׂؘعح

3.90 0.13 3.16
خ׀׆ؘ׆؛־׃ؘ׀عح

2.88 0.14

  >2 SDS 3.07
خׇׇؘ׆؛׃׆ؘ׀عح

3.01 0.14 أأأ13.13

خׇ׀ؘ־׀؛ׇؘׅ׃ح
3.64 0.60††

Type of cancer٪حȷȉǳǛƫ٪ɅɍǼȉȯfخ

  Hematological 2.74
خ׃ׂؘׄ؛׆ׇؘ־عح

1.89 0.12 أأأ8.42

خׇؘׅ׀ֿ؛׆׆ׁؘح
2.31 0.39†

  Brain/CNS 3.83
خׇֿֿؘ؛׃ֿׂؘعح

2.68 0.17 أأأ11.13

خ־ֿؘׅׄ؛ׅ׃ؘ׃ح
2.83 0.51††

PedsQL Cancer Module

  Pain أأأ0.29

خ׃ׁؘ־؛׀׀ؘ־ح
0.03 0.30†† أأأ0.17

خׂ׀ؘ־ع־ֿؘ־ح
0.04 0.18†

  Treatment anxiety أأأ0.18

خׂ׀ؘ־؛׀ֿؘ־ح
0.03 0.21† أأ0.12

خ׀׀ؘ־؛ׁ־ؘ־ح
0.05 0.11†

  Worry أأأ0.21

خ־ׁؘ־ع׀ֿؘ־ح
0.05 0.15† أأأ0.25

خׁׁؘ־؛ֿؘׄ־ح
0.04 0.25†

%ƲȬƲǾƫƲǾɅ٪ɥƇȯǛƇƣǳƲؚ٪ȷɍǼ٪ȷƤȉȯƲ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲ٪حȯƇǾǍƲ٪ؙخ־־ֿع־٪
higher scores indicate less symptom burden. Both linear-mixed models used a random intercept 
ƇǾƫ٪˚ɫƲƫ٪ȷǳȉȬƲؘ٪
a٪ÄǾȷɅƇǾƫƇȯƫǛɶƲƫ٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ
b٪¯ɅƇǾƫƇȯƫ٪Ʋȯȯȉȯ٪ǌȉȯ٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪�
c٪¯ɅƇǾƫƇȯƫǛɶƲƫ٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ
d Positive B/ſ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪ǛǾƫǛƤƇɅƲ٪ɅǕƇɅ٪ɅǕƲ٪ƫƲɅƲȯǼǛǾƇǾɅȷ٪ƇȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǳƲȷȷ٪ǾƇɍȷƲƇؘ٪vƲǍƇɅǛɥƲ٪
B/ſ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪ǛǾƫǛƤƇɅƲ٪ɅǕƇɅ٪ɅǕƲ٪ƫƲɅƲȯǼǛǾƇǾɅȷ٪ƇȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǼȉȯƲ٪ǾƇɍȷƲƇؘ٪�ȷ٪ɦǛɅǕ٪ɅǕƲ٪ǾƇɍȷƲƇ٪
ȷƤƇǳƲؙ٪ǕǛǍǕƲȯ٪ȷƤȉȯƲȷ٪ȉǾ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲ٪ȷƤƇǳƲȷ٪نȬƇǛǾن٪ؙهɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬه٪ƇǾƫ٪نɦȉȯȯɬه٪
mean a child is less bothered by the symptom. 
e -ǌǌƲƤɅ٪ȷǛɶƲȷ٪ǌȉȯ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ƣƲɅɦƲƲǾ٪ǍȯȉɍȬȷ٪حȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪ȉǌ٪ƤƇɅƲǍȉȯǛƤƇǳ٪ɥƇȯǛƇƣǳƲȷخ٪ȉǌ٪ؘؙ׀٪
٪ȯƲǍȯƲȷȷǛȉǾ٪ƤȉƲǌ˚ƤǛƲǾɅȷ٪ȉǌح٪ƇǾƫ٪ƲǌǌƲƤɅ٪ȷǛɶƲȷ٪ǌȉȯ٪ƤȉȯȯƲǳƇɅǛȉǾȷ٪ƣƲɅɦƲƲǾ٪ƤȉǾɅǛǾɍȉɍȷ٪ɥƇȯǛƇƣǳƲȷ٪׆ؘ٪ƇǾƫ٪׃ؘ
ƤȉǾɅǛǾɍȉɍȷ٪ɥƇȯǛƇƣǳƲȷخ٪ȉǌ٪ֿؘؙ٪ׁؘ٪ƇǾƫ٪ؘ׃٪ɦƲȯƲ٪ƤȉǾȷǛƫƲȯƲƫ٪ȷǼƇǳǳ†, medium†† and large†††٪ؘخ־ׁح٪
f Reference group
ֿ־־ؘ־ڒɥƇǳɍƲعȬأأأ٪ֿؙ־ؘ־ڒɥƇǳɍƲعȬأأ٪ؙ׃־ؘ־ڒɥƇǳɍƲعȬأ
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Figure 3. tƲƇǾ٪ǍƲǾƲȯǛƤ٪O§¦ȉj٪ȷƤȉȯƲȷ٪ɦǛɅǕ٪ׇڤ׃٪ƤȉǾ˚ƫƲǾƤƲ٪ǛǾɅƲȯɥƇǳȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ƇǍƲƫ٪ػ٪׀٪ׅ٪ɬƲƇȯȷ٪
٪ȉǾ٪ǾƇɍȷƲƇ٪خƣǳɍƲح٪ȉȯ٪ɦǛɅǕȉɍɅ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪خȉȯƇǾǍƲح٪ɦǛɅǕ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪خȯƲȬȉȯɅعȬȯȉɫɬح
ȷƤƇǳƲ٪خ�ح٪ƇǾƫ٪ǼƲƇǾ٪ǍƲǾƲȯǛƤ٪O§¦ȉj٪ɦǛɅǕ٪ׇڤ׃٪ƤȉǾ˚ƫƲǾƤƲ٪ǛǾɅƲȯɥƇǳȷ٪ȷƤȉȯƲȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ƇǍƲƫ٪ֿ׀٪ػ٪׆٪
ɬƲƇȯȷ٪حȷƲǳǌعȯƲȬȉȯɅخ٪ɦǛɅǕ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪حȉȯƇǾǍƲخ٪ȉȯ٪ɦǛɅǕȉɍɅ٪ȷɬǼȬɅȉǼ٪ȬȯƲȷƲǾƤƲ٪حƣǳɍƲخ٪ȉǾ٪ǾƇɍȷƲƇ٪
ȷƤƇǳƲ٪ح�ؘخ

4
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DISCUSSION

This study showed that, despite standard supportive care treatment, many children 

with cancer suffer from nausea-related symptoms. The occurrence rate of nausea 

ƫɍȯǛǾǍ٪ǼƲƫǛƤƇǳ٪ɅȯƲƇɅǼƲǾɅ٪ȯƇǾǍƲƫ٪ƣƲɅɦƲƲǾ٪ڤ׃ׂؘ׀٪ƇǾƫ٪ׂؘڤׇؘ׀٪ÝƲ٪ǛƫƲǾɅǛ˚Ʋƫ٪ȬƇǛǾؙ٪

treatment anxiety, worry, a solid tumor diagnosis, and male gender as potential risk 

factors for nausea. In contrast, high BMI was associated with less nausea. Finally, 

the results of our study show that the presence of nausea-related symptoms was 

ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪Ƈ٪ɦȉȯȷƲ٪O§¦ȉjؘ

½ǕƲȷƲ٪̊ ǾƫǛǾǍȷ٪ƲɫȬƇǾƫ٪ȉɍȯ٪ǯǾȉɦǳƲƫǍƲ٪ȯƲǍƇȯƫǛǾǍ٪ɅǕƲ٪ȬȯƲȷƲǾƤƲ٪ȉǌ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ƤȉǾ˚ȯǼ٪

that nausea is still an extensive problem. Generally, prevalence rates of nausea 

highly depend on the timing and method of symptom assessment 25. In our study, 

nausea assessment was prior to an outpatient visit, generally a period of relatively 

less intensive treatment, and was administered longitudinally during a period of 

one year. This means that our results represent an average level of the presence of 

nausea-related symptoms during a less intensive phase of treatment, which at some 

times during treatment might even be higher.

The items “food not tasting good” and “nausea caused by food and smells” were the 

two most frequently reported symptoms, corresponding with previous research 26. 

Moreover, taste changes have been found to be one of the most bothersome and 

distressful physical symptoms experienced by children with cancer 4, 27.

The high presence of nausea-related symptoms despite the use of antiemetic agents 

is concerning and underlines that prevention and treatment strategies of nausea 

need to be improved. Earlier recognition of nausea, using PROMs can help to realize 

better antiemetic treatment 28, 29. Furthermore, a recent guideline provides new 

strategies for antiemetic treatment and highlights that prophylaxis for CINV should 

be adjusted from one chemotherapy block to the next, based on each patient’s 

history of CINV control 30.

The presence of nausea-related symptoms was highest at 6 months after diagnosis 

and nausea was also found to be most severe at that time point as reported by 

patients aged 8 – 21 years. Possible explanations for this pattern are that treatment 

is most intensive at 3 and 6 months, compared to later in treatment. Additionally, 
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children and/or parents may recognize the signs of nausea sooner over time, resulting 

in a faster and more targeted treatment of nausea.

Pain, treatment anxiety, and worry were found to be associated with nausea. 

Especially regarding anticipatory nausea, it is well-known that cancer patients with 

high levels of anxiety experience more anticipatory nausea 31-33. Our results expand 

this evidence by showing that treatment anxiety and worry are also associated with 

ǾƇɍȷƲƇ٪ǛǾ٪ǍƲǾƲȯƇǳ٪حǾȉɅ٪ȉǾǳɬ٪ƇǾɅǛƤǛȬƇɅȉȯɬ٪ǾƇɍȷƲƇؘخ٪½ǕǛȷ٪ ǛǼȬǳǛƲȷ٪ɅǕƇɅ٪ ǛǾ٪ƇƫƫǛɅǛȉǾ٪Ʌȉ٪

pharmacological interventions, cognitive-behavioral interventions are important in 

controlling nausea 34. Our study shows that pain is associated with nausea in children 

with cancer, as was demonstrated in adult cancer patients before 16. Therefore, good 

pain management might help reduce nausea. However, it is also known that some 

pain medication can introduce nausea 35.

¤ƇɅǛƲǾɅȷ٪ƇǍƲƫ٪ֿ׀٪ػ٪׆٪ɦǛɅǕ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷ٪ȯƲȬȉȯɅƲƫ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǼȉȯƲ٪ǾƇɍȷƲƇ٪ƤȉǼȬƇȯƲƫ٪

to patients with hematological malignancies and brain tumors, which is in line with 

previous research 6. An obvious explanation is that these patients receive more 

intensive treatment with more emetogenic medication. Moreover, children aged 

8 – 21 years with a high BMI experienced less nausea than children with a normal 

�tUؘ٪�ȬȬƇȯƲǾɅǳɬؙ٪�tU٪ǕƇȷ٪ƇǾ٪ǛǾ˛ɍƲǾƤƲ٪ȉǾ٪ǾƇɍȷƲƇؙ٪ɦǕǛƤǕ٪Ǜȷ٪ǛǾ٪ǳǛǾƲ٪ɦǛɅǕ٪Ƈ٪ȬȯƲɥǛȉɍȷ٪

study reporting that undernourished children with cancer were more nauseous than 

well-nourished children 36.

O§¦ȉj٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǕȉ٪ƲɫȬƲȯǛƲǾƤƲƫ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ɦƇȷ٪ǳȉɦƲȯ٪ƤȉǼȬƇȯƲƫ٪

to children without symptom presence. It is known that children with cancer have 

a reduced quality of life in comparison with healthy children 26, 37, 38 and nausea 

reduces their quality of life even more. This is supported by a study among children 

with advanced cancer 39. Our results emphasize the importance of good symptom 

management and adequate nausea control to support optimal quality of life.

Strengths of the current study were the large cohort, inclusion of all types of childhood 

cancer, wide age range, and availability of data at several time points. However, 

several limitations should be mentioned. Firstly, we were unable to include the exact 

phase and type of treatment, as data were retrospectively retrieved. Consequently, no 

distinction could be made between the degree of nausea in children who did receive 

chemotherapy in the week prior to the doctor’s appointment and children who did 

4
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not. Secondly, heterogeneity of the sample can be seen as a limitation because 

treatment regimens vary widely in terms of emetogenicity, which could have 

ǛǾ˛ɍƲǾƤƲƫ٪ɅǕƲ٪ȯƲȷɍǳɅȷؘ٪�Ǿ٪ɅǕƲ٪ȉɅǕƲȯ٪ǕƇǾƫؙ٪ǕƲɅƲȯȉǍƲǾƲǛɅɬ٪ǛǾƤȯƲƇȷƲȷ٪ǍƲǾƲȯƇǳǛɶƇƣǛǳǛɅɬ٪

ȉǌ٪ȉɍȯ٪˚ǾƫǛǾǍȷؘ٪jƇȷɅǳɬؙ٪ǛǾ٪ǼȉȯƲ٪ɅǕƇǾ٪ǕƇǳǌ٪ȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷؙ٪ȉǾǳɬ٪ȉǾƲ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ɦƇȷ٪

ƇɥƇǛǳƇƣǳƲ٪ɦǕǛƤǕ٪ǼǛǍǕɅ٪ǕƇɥƲ٪ǛǾ˛ɍƲǾƤƲƫ٪ȬƇɅɅƲȯǾȷ٪ȉǌ٪ǾƇɍȷƲƇ٪ȉɥƲȯ٪ɅǛǼƲؘ٪FɍɅɍȯƲ٪ȯƲȷƲƇȯƤǕؙ٪

preferably a prospective study, is recommended to determine relationships between 

treatment protocol, severity and duration of nausea, effects of antiemetic therapy, 

and patient characteristics.

In conclusion, nausea in children with cancer is still a major problem. Management of 

nausea and nausea-related symptoms should be priority of care, potentially leading 

Ʌȉ٪Ƈ٪ƣƲɅɅƲȯ٪O§¦ȉjؘ٪�ƫƲȮɍƇɅƲ٪ ȷɬǼȬɅȉǼ٪ǼƇǾƇǍƲǼƲǾɅ٪ ȷǕȉɍǳƫ٪ǾȉɅ٪ȉǾǳɬ٪ ǌȉƤɍȷ٪ȉǾ٪

pharmacological treatment, but should also include pain management and cognitive-

behavioral interventions to deal with nausea and nausea-related symptoms.
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SUPPLEMENT

Supplemental Figure 1. �ƤƤɍȯȯƲǾƤƲ٪ȯƇɅƲȷ٪ȉǌ٪ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƇɅ٪ׁ٪حn٪ح٪ׄ٪ؙخֿׄׄ٪ڏn٪ؙخ׀ֿׅ٪ڏ٪ׇ٪
٪ȯƲȬȉȯɅؙعȬȯȉɫɬح٪ɬƲƇȯȷ٪ׅ٪ػ٪׀٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷ٪ȷƲȬƇȯƇɅƲ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ƇǍƲƫ٪خׄ׆ֿ٪ڏ٪nح٪׀ֿ٪ƇǾƫ٪ؙخׂ׃ֿ٪ڏ٪nح
٪׀ֿ٪ƇǾƫ٪ؙخׁ׀ֿ٪ڏ٪nح٪ׇ٪ؙخ־ֿׂ٪ڏ٪nح٪ׄ٪ؙخ׆׆ֿ٪ڏ٪nح٪ׁ٪ȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ƇɅعƇǾƫ٪ȉƤƤɍȯȯƲǾƤƲ٪ȯƇɅƲȷ٪ȉǌ٪ǾƇɍȷƲƇ٪خ�
٪ȯƲȷƲǾƤƲ٪ɦƇȷ٪ƫƲ˚ǾƲƫ¤٪ؘخ�٪ȯƲȬȉȯɅؙعȷƲǳǌح٪ɬƲƇȯȷ٪ֿ׀٪ػ٪׆٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ƇǍƲƫ٪خֿ׀ֿ٪ڏ٪nح
Ƈȷ٪ووȷȉǼƲɅǛǼƲȷعȉǌɅƲǾعƇǳǼȉȷɅ٪ƇǳɦƇɬȷىى٪ȉǾ٪ƇǾ٪ǛɅƲǼ٪ȉǌ٪ɅǕƲ٪ǾƇɍȷƲƇ٪ȷƤƇǳƲ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲؘ
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ABSTRACT

Purpose Chemotherapy can affect smell and taste function. This has never been 

investigated in childhood cancer patients during chemotherapy. The objective of this 

study was to determine whether psychophysical smell and taste tests are suitable 

for children with cancer. Taste and smell function, fungiform papillae density, and 

ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ɦƲȯƲ٪ǼƲƇȷɍȯƲƫ٪ƣƲǌȉȯƲ٪خֿ½ح٪ƇǾƫ٪ƇǌɅƲȯ٪خ׀½ح٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬؙ٪

and compared with healthy controls.

Methods Thirty-one childhood cancer patients treated for a hematological, solid, 

ȉȯ٪ƣȯƇǛǾ٪ǼƇǳǛǍǾƇǾƤɬ٪حǼƲƫǛƇǾ٪ƇǍƲؚ٪ֿ׀٪ɬƲƇȯȷؙ٪ֿׄ٪ǍǛȯǳȷخ٪ƇǾƫ٪ׂ׀٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷ٪حǼƲƫǛƇǾ٪

ƇǍƲؚ٪ֿֿ٪ɬƲƇȯȷؙ٪ֿ־٪ǍǛȯǳȷخ٪ȬƇȯɅǛƤǛȬƇɅƲƫؘ٪¯ǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪ɦƇȷ٪ǼƲƇȷɍȯƲƫ٪ɍȷǛǾǍ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷؙ٪

ǛǾƤǳɍƫǛǾǍ٪Ƈ٪ɅǕȯƲȷǕȉǳƫؙ٪ƫǛȷƤȯǛǼǛǾƇɅǛȉǾؙ٪ƇǾƫ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƲȷɅؘ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ɦƲȯƲ٪ɍȷƲƫ٪

to determine recognition thresholds for sweet, sour, salty, and bitter taste. Papillae 

density was investigated by counting the fungiform papillae of the anterior tongue. 

Eating behavior was assessed using the Behavioral Pediatrics Feeding Assessment 

¯ƤƇǳƲ٪ح�¤F�¯ؘخ

Results Smell and taste function could be investigated in more than 90% of the 

patients, while fungiform papillae density could be determined in 61% of the patients. 

�٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲ٪ǛǾ٪ȷǼƲǳǳ٪ɅǕȯƲȷǕȉǳƫ٪ɦƇȷ٪ǌȉɍǾƫ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ƤȉǾɅȯȉǳȷ٪

٪ؙخֿ־־ؘ־٪ڒ٪pح٪ȷǕȉɦǛǾǍ٪ǳȉɦƲȯ٪ɅǕȯƲȷǕȉǳƫȷ٪ǛǾ٪ȬƇɅǛƲǾɅȷؘ٪UǾ٪ȬƇɅǛƲǾɅȷؙ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪ؙخֿ־־ؘ־٪ڏ٪pح

ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪حp٪ؙخ׆׀־ؘ־٪ڏ٪ƇǾƫ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪حp٪خׂ־־ؘ־٪ڏ٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƫǛǌǌƲȯƲǾɅ٪

after a cycle of chemotherapy, with higher scores at T2.

Conclusion The assessment of smell, taste, and fungiform papillae density is feasible 

in children with cancer. Results of the current study suggest that smell and taste 

sensitivity increased in children with cancer.

Keywords smell, taste, childhood cancer, chemotherapy
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INTRODUCTION

Childhood cancer survival rates have markedly improved in recent decades 1. 

Increased survival can be attributed to providing more intensive therapies. However, 

as a result, almost all such children suffer from bothersome or severe treatment-

related side effects 2. Nausea, vomiting, and loss of appetite are well-known side 

effects among childhood cancer patients, interfering with food intake 3. Taste 

changes have been found to be the third most common bothersome symptom 

 These changes are an often overlooked side effect contributing .2٪خڤׁؘ־ׄ٪ȬȯƲɥƇǳƲǾƤƲح

to inadequate food intake, which in turn affects nutritional status 4. Poor nutritional 

status in children with cancer is associated with increased infections, poor survival, 

and impaired health-related quality of life 5, 6.

Studies investigating changes in smell and taste among childhood cancer patients 

are rare. Skolin and colleagues found that children with cancer undergoing 

ƤǕƲǼȉɅǕƲȯƇȬɬ٪ǕƇƫ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ǳȉɦƲȯ٪ȷƤȉȯƲȷ٪ǌȉȯ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪ƇǾƫ٪ǼƇƫƲ٪ǼȉȯƲ٪ɅƇȷɅƲع

recognition errors compared to controls 7. However, this cross-sectional study 

ɦƇȷ٪ǕƲɅƲȯȉǍƲǾƲȉɍȷ٪ȯƲǍƇȯƫǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حǛؘƲؘؙ٪ȬƇɅǛƲǾɅȷ٪ȯƲƤƲǛɥǛǾǍ٪ƫȉɫȉȯɍƣǛƤǛǾؙ٪

methotrexate, ifosfamide, cytarabine, procarbazine, dacarbazine, cisplatin, or 

ƤɬƤǳȉȬǕȉȷǕƇǼǛƫƲ٪ȬƲȯ٪ȬȯȉɅȉƤȉǳ٪ƫƲȬƲǾƫǛǾǍ٪ȉǾ٪ƫǛƇǍǾȉȷǛȷ٪ƇǾƫ٪ɅȯƲƇɅǼƲǾɅ٪ȬǕƇȷƲخ٪ƇǾƫ٪

ȉǾǳɬ٪ɅƲǾ٪ȬƇɅǛƲǾɅȷ٪حǼƲƫǛƇǾ٪ƇǍƲ٪ֿׂؘ׃٪ɬƲƇȯȷخ٪ɍǾƫƲȯɦƲǾɅ٪Ƈ٪ɅƇȷɅƲ٪ɅƲȷɅؘ٪¦ɍƇǳǛɅƇɅǛɥƲ٪ȷɅɍƫǛƲȷ٪

indicated that changes in taste were the predominant cause of eating problems 

ƇǾƫ٪ƇǳɅƲȯƲƫ٪ǌȉȉƫ٪ȬȯƲǌƲȯƲǾƤƲȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ٪ƇǳɅǕȉɍǍǕ٪ȷȬƲƤǛ˚Ƥ٪ǌȉȉƫ٪ƤǕȉǛƤƲȷ٪

were highly variable 7, 8. Changes in taste are often accompanied by changes in smell 

function. This has been found in adult patients undergoing various chemotherapy 

ȯƲǍǛǼƲǾȷ٪حƲؘǍؘؙ٪ƇǾɅǕȯƇƤɬƤǳǛǾƲؙ٪ɅƇɫƇǾƲؙ٪ȬǳƇɅǛǾɍǼ٪ƤȉǾɅƇǛǾǛǾǍخ٪ƣɍɅ٪ǕƇȷ٪ǾȉɅ٪ƣƲƲǾ٪ȷɅɍƫǛƲƫ٪

in childhood cancer patients during chemotherapy 9. Only one study evaluated 

ƣȉɅǕ٪ ȷǼƲǳǳ٪ ƇǾƫ٪ ɅƇȷɅƲ٪ ǌɍǾƤɅǛȉǾ٪ ǛǾ٪ ȬƲƫǛƇɅȯǛƤ٪ ȬƇɅǛƲǾɅȷ٪ ٪خ־ֿ٪ڏ nح ƇǌɅƲȯ٪ ƣȉǾƲ٪ǼƇȯȯȉɦ٪

transplantation, but not during chemotherapy 10. As current evidence comes from 

small studies and lack the assessment of smell function in childhood cancer patients 

during chemotherapy, prospective studies are needed to measure smell and taste 

function in children with cancer during chemotherapy.

Before investigating smell and taste changes in childhood cancer patients extensively, 

it must be considered whether psychophysical smell and taste assessments can 

be obtained without unpleasant side effects. For example, if children with cancer 

5
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are rather sensitive to odors, which is regularly seen in adult patients, they might 

experience nausea when certain odors are presented 11. Therefore, this study aimed to 

examine whether measurements of smell, taste, and fungiform papillae density are 

ǌƲƇȷǛƣǳƲ٪حǛؘƲؘؙ٪ƤȉǼȬǳƲɅƲƫ٪ƣɬ٪ǼȉȯƲ٪ɅǕƇǾ٪ׄ ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƇǾƫ٪خȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷ٪ڤ־

if those tests require adjustments. Furthermore, smell and taste function, fungiform 

ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬؙ٪ƇǾƫ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ɦƲȯƲ٪ƲɥƇǳɍƇɅƲƫ٪ƫɍȯǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حǛؘƲؘؙ٪

ƣƲǌȉȯƲ٪ƇǾƫ٪ƇǌɅƲȯ٪Ƈ٪ ƤɬƤǳƲخ٪ ƇǾƫ٪ƤȉǼȬƇȯƲƫ٪ɦǛɅǕ٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷؙ٪ ȯƲȷɍǳɅȷ٪ȉǌ٪ɦǕǛƤǕ٪

contribute to a burgeoning understanding of smell and taste changes and their 

consequences in children with cancer.

METHODS

Participants

This study was performed at the Princess Máxima Center for Pediatric Oncology 

in Utrecht, the Netherlands. Eligible patients were children diagnosed with a 

hematological, solid, or brain malignancy, currently treated with chemotherapy. 

Treatment regimens supplied during the study period can be found in Table 1.

Patients were compared to healthy controls, matched by age and gender. Controls 

were recruited among siblings and friends of the patients. Participants were eligible 

for participation if they were between 6 and 18 years, and able to understand Dutch. 

-ɫƤǳɍȷǛȉǾ٪ƤȯǛɅƲȯǛƇ٪ɦƲȯƲؚ٪ǛȷȉǳƇɅƲƫ٪ƤȉǾǍƲǾǛɅƇǳ٪ƇǾȉȷǼǛƇ٪حU�٪ȯƲȬȉȯɅƲƫ٪ƇǳǳƲȯǍɬعȉȯ٪Ƈ٪ȷƲǳǌ٪خ�

to quinine.

Procedure and feasibility assessment

Patients were measured twice whereas controls were measured only once. A 

measurement was postponed in the case of severe oral mucositis or having a cold. 

%ɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ȬƇɅǛƲǾɅȷ٪ؙخֿ½ح٪ɦǕǛƤǕ٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪ƇɅ٪ƫƇɬ٪ȉǾƲ٪ȉǌ٪Ƈ٪

cycle of chemotherapy somewhere during treatment protocol, feasibility of the tests 

was assessed. A test was considered feasible if at least 60% of the patients could 

complete the test without unpleasant side effects. Additionally, patients were asked 

Ʌȉ٪ȯƇɅƲ٪ɅǕƲ٪ɅƲȷɅȷ٪ƣɬ٪ɍȷǛǾǍ٪ȷǼǛǳƲɬȷ٪ȯƲǍƇȯƫǛǾǍ٪ɅǕƲ٪ǌȉǳǳȉɦǛǾǍ٪ɅȉȬǛƤȷؚ٪ǌɍǾؙ٪ƫǛǌ˚ƤɍǳɅɬ٪ǳƲɥƲǳؙ٪

concentration, and time duration.
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Table 1. Characteristics of childhood cancer patients and healthy controls.

Characteristics Patients (n = 31) Controls (n = 24) p value

Gender, ǌƲǼƇǳƲ٪حǾؙ٪خڤ خֿؘׄ׃ح٪ֿׄ خֿׂؘׅح٪־ֿ 0.464

Age, حǼƲƫǛƇǾؙ٪ȯƇǾǍƲخ
٪ ٪ خڤ٪Ǿؙح٪ɬƲƇȯȷ٪׆٪ػ٪ׄ
٪ ٪ خڤ٪Ǿؙح٪ɬƲƇȯȷ٪ֿׂ٪ػ٪ׇ
٪ ٪ خڤ٪Ǿؙح٪ɬƲƇȯȷ٪׆ֿ٪ػ٪׃ֿ

خֿׅ٪ػ٪ׅح٪׀ֿ
خؘׄ׀׀ح٪ׅ
خ׀ؘ׃ׂح٪ֿׂ
خ׀ؘ׀ׁح٪־ֿ

خ׆ֿ٪ػ٪ׄح٪ֿֿ
خ׆ؘ־׀ح٪׃
خ׀ׂؘ׃ح٪ֿׁ
خ־ؘ׃׀ح٪ׄ

0.658

Diagnosis
  Hematologic malignancy (n, %)
    ALL
    AML
    Lymphoma
  Brain tumor (n, %)
    Medulloblastoma
  Solid tumor (n, %)
    Bone
    Rhabdomyosarcoma

16 (51.6)
خ׆ؘ׃׀ح٪׆
خ׀ׁؘح٪ֿ
خؘׄ׀׀ح٪ׅ
3 (9.7)
خׇؘׅح٪ׁ

12 (38.7)
خ־ׇؘ׀ح٪ׇ
خׇؘׅح٪ׁ

Chemotherapy regimen (n, %)أ

  Alkylating agentsa

  Anthracyclinesb

  Platinum agentsc

  Vinca alkaloidsd

  Antimetabolitese

  Epipodophyllotoxinsf

  Otherg

خ׆ׁؘ׃ح٪ֿׂ٪
خׇؘׄ׀ح٪ׅ
خׂؘ׃ֿح٪ׂ
׃ح٪׃ֿ خؘׅׅ
خׁؘ׀ׂح٪ֿֿ
خ׀ׇֿؘح٪׃
خׁؘ׀ׂح٪ֿֿ

Intensity of Treatment Rating٪حU½§خ
٪ ٪ tȉƫƲȯƇɅƲ٪ǛǾɅƲǾȷǛɥƲ٪حǾؙ٪خڤ
٪ ٪ ÜƲȯɬ٪ǛǾɅƲǾȷǛɥƲ٪حǾؙ٪خڤ
٪ ٪ tȉȷɅ٪ǛǾɅƲǾȷǛɥƲ٪حǾؙ٪خڤ

خ׃ؘ׃ׁح٪ֿֿ
خ׆ׂؘ׃ح٪ֿׅ
خׇؘׅح٪ׁ

�jjڏ٪ƇƤɍɅƲ٪ǳɬǼȬǕȉƣǳƇȷɅǛƤ٪ǳƲɍǯƲǼǛƇ؛٪�tjڏ٪ƇƤɍɅƲ٪ǼɬƲǳȉǛƫ٪ǳƲɍǯƲǼǛƇؘ
Provided chemotherapy between T1 and T2, n = 26 أ
a٪�ɬƤǳȉȬǕȉȷȬǕƇǼǛƫƲؙ٪ƫƇƤƇȯƣƇɶǛǾƲؙ٪ǛǌȉȷǌƇǼǛƫƲؙ٪ǳȉǼɍȷɅǛǾƲ؛٪b٪%ȉɫȉȯɍƣǛƤǛǾ؛٪c٪�ƇȯƣȉȬǳƇɅǛǾؙ٪ƤǛȷȬǳƇɅǛǾ؛
d٪ ÜǛǾƤȯǛȷɅǛǾƲ؛٪ e٪ tƲɅǕȉɅȯƲɫƇɅƲؙ٪ ٪؛ǼƲȯƤƇȬɅȉȬɍȯǛǾƲعׄ f٪ -ɅȉȬȉȷǛƫƲ؛٪ g Asparaginase, dactinomycin, 
dexamethasone, prednisone

Uǌ٪ɅǕƲ٪˚ȯȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ȬƇɅǛƲǾɅȷ٪ɦƇȷ٪ƤȉǾȷǛƫƲȯƲƫ٪ɥǛƇƣǳƲؙ٪Ƈ٪ȷƲƤȉǾƫ٪ǼƲƇȷɍȯƲǼƲǾɅ٪

٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪Ʌȉ٪ƇȷȷƲȷȷ٪ȬȉɅƲǾɅǛƇǳ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ɦǛɅǕǛǾ٪Ƈ٪ƤɬƤǳƲ٪خ׀½ح

of chemotherapy. When a patient was admitted to the hospital for at least four 

days, the second measurement was taken on the last day of admission. In case of 

Ƈ٪ȷǕȉȯɅƲȯ٪ǕȉȷȬǛɅƇǳ٪ȷɅƇɬؙ٪ɅǕƲ٪ȷƲƤȉǾƫ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪ȉǾ٪ɅǕƲ٪˚ȯȷɅ٪ƫƇɬ٪ȉǌ٪

ɅǕƲ٪ǌȉǳǳȉɦǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ƤɬƤǳƲ٪حɍȷɍƇǳǳɬ٪ֿ׀٪ƫƇɬȷ٪ǳƇɅƲȯؘخ

5
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Chapter 5

Measurements

Smell function

¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ح�ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪GƲȯǼƇǾɬخ٪ɦƲȯƲ٪ɍȷƲƫ٪Ʌȉ٪ƫƲɅƲȯǼǛǾƲ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪
12ؘ٪½ǕǛȷ٪ɅƲȷɅ٪ƤȉǼȬȯǛȷƲȷ٪ɅǕȯƲƲ٪ȬƇȯɅȷؚ٪ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪ح½O§ؙخ٪ƫǛȷƤȯǛǼǛǾƇɅǛȉǾ٪ح%U¯ؙخ٪ƇǾƫ٪

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪حU%ؘخ٪�ǳǳ٪ȉƫȉȯƇǾɅȷ٪ƇȯƲ٪ȬȯƲȷƲǾɅƲƫ٪ǛǾ٪ȬƲǾعǳǛǯƲ٪ȉƫȉȯ٪ƫǛȷȬƲǾȷǛǾǍ٪ƫƲɥǛƤƲȷؙ٪

which are positioned 2 cm in front of the patient’s nostrils for approximately three 

ȷƲƤȉǾƫȷؘ٪Fȉȯ٪ɅǕƲ٪½O§عɅƲȷɅؙ٪Ƈ٪ǼȉƫǛ˚Ʋƫ٪ȷƲɅ٪ȉǌ٪ƲǛǍǕɅ٪ƫǛǳɍɅǛȉǾȷ٪ȉǌ٪ȬǕƲǾɬǳ٪ƲɅǕɬǳ٪ƇǳƤȉǕȉǳ٪

٪ɦƇȷ٪ɍȷƲƫ٪خǳǛǯƲ٪ȷǼƲǳǳعȯȉȷƲ٪؛�-¤ح 13. Each time, three pens, of which one contained 

PEA and two contained a non-odorous solvent, were presented to the blindfolded 

participant. The participant had to distinguish the odor-containing pen in a staircase 

up-down procedure by starting with the lowest concentration of PEA. Reversal of 

ɅǕƲ٪ȷɅƇǛȯƤƇȷƲ٪ɦƇȷ٪ɅȯǛǍǍƲȯƲƫ٪ƣɬ٪Ʌɦȉ٪ƤȉȯȯƲƤɅ٪ȉȯ٪ȉǾƲ٪ǌƇǳȷƲ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɍǾɅǛǳ٪ȷƲɥƲǾ٪

ȯƲɥƲȯȷƇǳȷ٪ɦƲȯƲ٪ȉƣɅƇǛǾƲƫ٪ȉȯ٪ɍǾɅǛǳ٪˚ɥƲ٪ȯƲɥƲȯȷƇǳȷ٪Ǜǌ٪ƇɅɅƲǾɅǛɥƲǾƲȷȷ٪ɦƇǾƲƫؘ٪½ǕƲ٪ƇɥƲȯƇǍƲ٪

of the last four reversal points was used as threshold score and ranged between 1 

and 15. For the DIS-test, 16 triplets, containing two equal odorants and one different 

odorant, were presented in a randomized order. Participants, who were blindfolded, 

had to determine which pen smelled differently. ID was assessed by presenting 

sixteen common odorants and participants had to identify these odorants by using 

a four-choice task. For DIS and ID, a correct response resulted in one point and scores 

range between 0 and 16.

Taste function

FǛǳɅƲȯعȬƇȬƲȯ٪ ȷɅȯǛȬȷ٪ ٪ƇȷɅƲ½ح ¯ɅȯǛȬȷؙ٪ �ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪ GƲȯǼƇǾɬخ٪ɦǛɅǕ٪ ǛǼȬȯƲǍǾƇɅƲƫ٪

concentrations of sweet, sour, salty, and bitter were used to determine taste 

recognition thresholds 14ؘ٪-ƇƤǕ٪ɅǛǼƲؙ٪ȉǾƲ٪ȉǌ٪ǌȉɍȯ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾȷ٪ȉǌ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪ؙ׃־ؘ־ح٪

٪ؙخǼǳ٪ƤǛɅȯǛƤ٪ƇƤǛƫإǍ٪ׁؘ־٪ƇǾƫ٪ؙ׃ֿؘׄ־٪ׇؙ־ؘ־٪ؙ׃־ؘ־ح٪ȷȉɍȯ٪ɅƇȷɅƲ٪ؙخǼǳ٪ȷɍƤȯȉȷƲإǍ٪ׂؘ־٪ƇǾƫ٪ؙ׀ؘ־٪ֿؘؙ־

ȷƇǳɅɬ٪ɅƇȷɅƲ٪ֿؘؙ־٪ׂؙ־ؘ־٪ֿؙׄ־ؘ־ح٪ƇǾƫ٪׃׀ؘ־٪ǍإǼǳ٪ȷȉƫǛɍǼ٪ƤǕǳȉȯǛƫƲؙخ٪ȉȯ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪ׂؙ־־־ؘ־ح٪

٪ɦƲȯƲ٪ȬȯƲȷƲǾɅƲƫ٪ǛǾ٪ƇǾ٪ȉȯƫƲȯ٪خǼǳ٪ȮɍǛǾǛǾƲ٪ǕɬƫȯȉƤǕǳȉȯǛƫƲإǍ٪ׄ־־ؘ־٪ƇǾƫ٪ׂؙ׀־־ؘ־٪ׇؙ־־־ؘ־

of increasing concentrations. Before the test began, the highest concentration of 

each taste was given to familiarize participants with the taste qualities. Taste strips 

were placed on the middle of the tongue for whole-mouth testing. Participants were 

then asked whether the perceived taste was sweet, sour, salty, bitter, or tasteless. 

Scores for each taste quality range from 0 to 4 and the total taste score was derived 

ƣɬ٪ȷɍǼǼǛǾǍ٪ɅǕƲ٪ȷƤȉȯƲȷ٪ȉǌ٪ƲƇƤǕ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅɬ٪حȯƇǾǍƲ٪ؘخֿׄ٪ػ٪־
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Subjective smell, taste, and appetite

Participants were asked to self-assess their smell, taste, and appetite on a 5-point 

jǛǯƲȯɅ٪ȷƤƇǳƲ٪ن٪ֿحɥƲȯɬ٪ƣƇƫه٪Ʌȉ٪ن٪׃ɥƲȯɬ٪Ǎȉȉƫؘخه٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪ȯƇɅƲƫ٪ɅǕƲǛȯ٪ȷǼƲǳǳؙ٪

ɅƇȷɅƲؙ٪ƇǾƫ٪ƇȬȬƲɅǛɅƲ٪ن٪ֿحǼɍƤǕ٪ɦȉȯȷƲه٪Ʌȉ٪ن٪׃ǼɍƤǕ٪ƣƲɅɅƲȯخه٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ɅǕƲ٪ȷɅƇȯɅ٪ȉǌ٪

ƤǕƲǼȉɅǕƲȯƇȬɬ٪حȬƇɅǛƲǾɅȷخ٪ȉȯ٪Ʌȉ٪ɅǕƲ٪ǳƇȷɅ٪ǼȉǾɅǕ٪حƤȉǾɅȯȉǳȷؘخ

Fungiform papillae density

Fungiform papillae density was investigated by staining the tongue with a 0.9% Brilliant 

�ǳɍƲ٪ǌȉȉƫ٪ƫɬƲ٪ح¤ȉǼȉǾƇ٪�ȯȉǼƇؙ٪OƲƫƲǳؙ٪ɅǕƲ٪vƲɅǕƲȯǳƇǾƫȷؙخ٪ƫǛǳɍɅƲƫ٪Ʌȉ٪Ƈ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾ٪ȉǌ٪

1:10 at which fungiform papillae remain pink 15. Participants were asked to extend their 

tongue and secure it gently between their teeth and lips. Subsequently, the tongue 

ɦƇȷ٪ƫȯǛƲƫ٪ɦǛɅǕ٪̊ ǳɅƲȯ٪ȬƇȬƲȯؙ ٪ȷɅƇǛǾƲƫ٪ɦǛɅǕ٪ƣǳɍƲ٪ǌȉȉƫ٪ƫɬƲؙ٪ƇǾƫ٪ƫȯǛƲƫ٪ƇǍƇǛǾؘ٪½ǕƲǾؙ٪Ƈ٪ֿ ٪ǼǼ٪׃

ƫǛƇǼƲɅƲȯ٪ÝǕƇɅǼƇǾ٪ƤǛȯƤɍǳƇȯ٪˚ǳɅƲȯ٪ȬƇȬƲȯ٪GȯƇƫƲ٪ֿ٪حG-٪OƲƇǳɅǕƤƇȯƲ٪jǛǌƲ٪¯ƤǛƲǾƤƲؙ٪�ǕƇǳǌȉǾɅ٪

¯Ʌ٪GǛǳƲȷؙ٪Ägخ٪ɦǛɅǕ٪Ƈ٪ׄ٪ǼǼ٪ƫǛƇǼƲɅƲȯ٪ƤǛȯƤɍǳƇȯ٪ƤɍɅعȉɍɅ٪حƇȯƲƇ٪ׁ׆׀ؘ־٪ƤǼ2خ٪ɦƇȷ٪ȬǳƇƤƲƫ٪ȉǾ٪

the anterior of the left side of the tongue, next to the midline 16. At least three close-

ɍȬ٪ǛǼƇǍƲȷ٪ȉǌ٪ɅǕƲ٪ɅȉǾǍɍƲ٪ɦƲȯƲ٪ɅƇǯƲǾ٪ƣɬ٪Ƈ٪ƫǛǍǛɅƇǳ٪ƤƇǼƲȯƇ٪ح�ƇǾȉǾ٪¤ȉɦƲȯȷǕȉɅ٪¯âׅ־٪

O¯ؙ٪½ȉǯɬȉؙ٪eƇȬƇǾؘخ٪�ǌɅƲȯɦƇȯƫȷؙ٪ɅǕƲ٪ƤǳƲƇȯƲȷɅ٪ǛǼƇǍƲ٪ɦƇȷ٪ǌɍȯɅǕƲȯ٪ǛǾɥƲȷɅǛǍƇɅƲƫ٪ǛǾ٪FǛǬǛؙ٪Ƈ٪

ƫǛȷɅȯǛƣɍɅǛȉǾ٪ȉǌ٪UǼƇǍƲe٪ȷȉǌɅɦƇȯƲ٪حvƇɅǛȉǾƇǳ٪UǾȷɅǛɅɍɅƲȷ٪ȉǌ٪OƲƇǳɅǕؙ٪�ƲɅǕƲȷƫƇؙ٪Ä¯17٪خ�. The 

%ƲǾɥƲȯ٪¤ƇȬǛǳǳƇƲ٪¤ȯȉɅȉƤȉǳ٪خ¤¤%ح٪ɦƇȷ٪ɍȷƲƫ٪ǌȉȯ٪ƤȉɍǾɅǛǾǍ٪ǌɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲ٪18.

Eating behavior

Eating behavior was assessed using the Behavioral Pediatrics Feeding Assessment Scale 

�ح¤F�¯19٪خ. The BPFAS is a 35-item parent-report questionnaire that consists of 25 items 

that focus on child eating behavior and 10 items that focus on parents’ feeding strategies. 

For each statement, parents reported how often the particular behavior occurred on a 

٪ǕƲɬ٪ɦƲȯƲ٪Ƈǳȷȉ٪ƇȷǯƲƫ٪Ʌȉ٪ǛǾƫǛƤƇɅƲ٪ɦǕƲɅǕƲȯ½٪ؘخهƇǳɦƇɬȷن٪׃٪Ʌȉ٪هǾƲɥƲȯن٪ֿح٪ȬȉǛǾɅ٪jǛǯƲȯɅ٪ȷƤƇǳƲع׃

they believed this behavior was problematic or not. Four scores are thus generated: Child 

�ƲǕƇɥǛȉȯعFȯƲȮɍƲǾƤɬ٪ح��Fخ٪ƇǾƫ٪¤ƇȯƲǾɅ٪�ƲǕƇɥǛȉȯعFȯƲȮɍƲǾƤɬ٪ح¤�Fح٪خɦǕǛƤǕ٪ȯƲǌƲȯ٪Ʌȉ٪Ǖȉɦ٪

ȉǌɅƲǾ٪ɅǕƲ٪ȷȬƲƤǛ˚Ƥ٪ƤǕǛǳƫ٪ƇǾƫ٪ȬƇȯƲǾɅ٪ƣƲǕƇɥǛȉȯ٪ȉƤƤɍȯؙخ٪ƇǾƫ٪�ǕǛǳƫ٪�ƲǕƇɥǛȉȯع¤ȯȉƣǳƲǼȷ٪ح��٪خ¤

ƇǾƫ٪¤ƇȯƲǾɅ٪�ƲǕƇɥǛȉȯع¤ȯȉƣǳƲǼȷ٪ح¤�٪ɦǕǛƤǕ٪ȯƲ˛ƲƤɅ٪ɅǕƲ٪ǾɍǼƣƲȯ٪ȉǌ٪ƣƲǕƇɥǛȉȯȷ٪ȷƲƲǾ٪Ƈȷح٪خ¤

ȬȯȉƣǳƲǼƇɅǛƤؘخ٪OǛǍǕƲȯ٪ȷƤȉȯƲȷ٪ǛǾƫǛƤƇɅƲ٪ǼȉȯƲ٪ƲƇɅǛǾǍإǌƲƲƫǛǾǍ٪ȬȯȉƣǳƲǼȷ٪20.

Treatment intensity

½ȯƲƇɅǼƲǾɅ٪ǛǾɅƲǾȷǛɅɬ٪ɦƇȷ٪ȯƇɅƲƫ٪ɦǛɅǕ٪ɅǕƲ٪UǾɅƲǾȷǛɅɬ٪ȉǌ٪½ȯƲƇɅǼƲǾɅ٪§ƇɅǛǾǍ٪ȷƤƇǳƲ٪حU½§ؙخׁع٪Ƈ٪

ȬȷɬƤǕȉǼƲɅȯǛƤƇǳǳɬ٪ɥƇǳǛƫ٪ƤǳƇȷȷǛ˚ƤƇɅǛȉǾ٪ȉǌ٪ȬƲƫǛƇɅȯǛƤ٪ƤƇǾƤƲȯ٪ɅȯƲƇɅǼƲǾɅؙ٪ǛǾɅȉ٪ȉǾƲ٪ȉǌ٪ǌȉɍȯ٪

5
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ǳƲɥƲǳȷ٪ȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ֿ٪نǼǛǾǛǼƇǳǳɬ٪ǛǾɥƇȷǛɥƲح٪هƲؘǍؘؙ٪ǛǾ٪ƤƇȷƲ٪ȉǌ٪ȷɅƇǍƲ٪ֿ٪ÝǛǳǼىȷ٪ɅɍǼȉȯخ٪Ʌȉ٪

.21٪خ½�¯ƲؘǍؘؙ٪ǛǾ٪ƤƇȷƲ٪ȉǌ٪Ƈ٪ƣȯƇǛǾ٪ɅɍǼȉȯ٪ɦǛɅǕ٪ɅȯƲƇɅǼƲǾɅ٪ȯƲȮɍǛȯǛǾǍ٪Oح٪هǼȉȷɅ٪ǛǾɥƇȷǛɥƲن٪ׂ

Statistical analysis

%ƲȷƤȯǛȬɅǛɥƲ٪ȷɅƇɅǛȷɅǛƤȷ٪ƇȯƲ٪ȬȯƲȷƲǾɅƲƫ٪Ƈȷ٪ǼƲƫǛƇǾ٪ɦǛɅǕ٪ ǛǾɅƲȯȮɍƇȯɅǛǳƲ٪ ȯƇǾǍƲ٪ ٪ȉȯ٪خ§¦Uح

ǾɍǼƣƲȯ٪ȉǌ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪حvخ٪ɦǛɅǕ٪ȬƲȯƤƲǾɅƇǍƲ٪خڤح٪ǌȉȯ٪ƣȉɅǕ٪ǍȯȉɍȬȷؘ٪½ǕƲ٪tƇǾǾعÝǕǛɅǾƲɬ٪

U Test was used to compare smell, taste, fungiform papillae density, and BPFAS 

scores between controls and patients at T1. The Wilcoxon signed-rank test was used 

to compare changes in smell, taste, and fungiform papillae density between the two 

measurements in patients. Spearman’s test was employed to investigate correlations 

between taste function and fungiform papillae density, and taste function and eating 

behavior in patients at T1. A 5% alpha level was used. Data analysis was performed 

ɦǛɅǕ٪U�t٪¯¤¯¯٪¯ɅƇɅǛȷɅǛƤȷ٪حɥƲȯȷǛȉǾ٪ؘخ־ؘ׃׀

RESULTS

Participant characteristics

½ǕǛȯɅɬعȉǾƲ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ׂ׀٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷ٪ɦƲȯƲ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕǛȷ٪ȷɅɍƫɬ٪ح½ƇƣǳƲ٪ֿؘخ٪

�ǌɅƲȯ٪ɅǕƲ٪˚ȯȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅؙ٪˚ɥƲ٪ȬƇɅǛƲǾɅȷ٪ǳƲǌɅ٪ɅǕƲ٪ȷɅɍƫɬ٪ƣƲƤƇɍȷƲ٪ɅǕƲɬ٪ƤȉǼȬǳƲɅƲƫ٪

ɅǕƲǛȯ٪ɅȯƲƇɅǼƲǾɅ٪حn ؙخ׀٪ڏ٪ƤȉǾɅǛǾɍƲƫ٪ɅȯƲƇɅǼƲǾɅ٪ȷȉǼƲɦǕƲȯƲ٪ƲǳȷƲ٪حn ؙخֿ٪ڏ٪ȉȯ٪ƣƲƤƇǼƲ٪Ʌȉȉ٪Ǜǳǳ٪

٪Ǜɫ٪ȬƇɅǛƲǾɅȷ¯٪ؘخׁׅ٪ػ٪ֿׂ٪§¦Uح٪ƫƇɬȷ٪ֿ׀٪ɦƇȷ٪׀½٪tƲƫǛƇǾ٪ɅǛǼƲ٪ǛǾɅƲȯɥƇǳ٪ƣƲɅɦƲƲǾ٪½ֿ٪ƇǾƫ٪ؘخ׀٪ڏ nح

underwent the second measurement more than 37 days later due to postponed 

admissions or severe complications.

Feasibility assessment in patients

½ɦƲǾɅɬعǾǛǾƲ٪ȬƇɅǛƲǾɅȷ٪خڤׇׂح٪ȬƲȯǌȉȯǼƲƫ٪ɅǕƲ٪½O§عɅƲȷɅ٪ƇǾƫ٪ǌȉȯ٪ׁ׀٪ȉǌ٪ɅǕƲǼ٪خڤׇׅح٪Ƈ٪½O§عȷƤȉȯƲ٪

could be obtained after seven reversals of the staircase. For the remaining six patients, 

ɅǕƲ٪½O§عȷƤȉȯƲ٪ɦƇȷ٪ƤƇǳƤɍǳƇɅƲƫ٪ƇǌɅƲȯ٪˚ɥƲ٪ȯƲɥƲȯȷƇǳȷ٪ȉǌ٪ɅǕƲ٪ȷɅƇǛȯƤƇȷƲ٪Ƈȷ٪ɅǕƲǛȯ٪ƇɅɅƲǾɅǛɥƲǾƲȷȷ٪

ɦƇǾƲƫؘ٪Fȉȯ٪%U¯٪ƇǾƫ٪U%ؙ٪خڤ־ׇح٪׆׀٪ƇǾƫ٪ׁخڤׇׅح٪־٪ȬƇɅǛƲǾɅȷ٪Ƥȉɍǳƫ٪ƤȉǼȬǳƲɅƲ٪ɅǕƲȷƲ٪ɅƲȷɅȷؙ٪

ȯƲȷȬƲƤɅǛɥƲǳɬؘ٪½ǕǛȯɅɬ٪ȬƇɅǛƲǾɅȷ٪خڤׇׅح٪˚ǾǛȷǕƲƫ٪ɅǕƲ٪ɅƇȷɅƲ٪ɅƲȷɅؘ٪�ǾƲ٪%U¯عɅƲȷɅ٪ƇǾƫ٪ɅƇȷɅƲ٪ɅƲȷɅ٪

ɦƲȯƲ٪ȬȯƲǼƇɅɍȯƲǳɬ٪ɅƲȯǼǛǾƇɅƲƫ٪ƫɍƲ٪Ʌȉ٪ǾƇɍȷƲƇؘ٪Fȉȯ٪ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬؙ٪ȷǛɫ٪ȬƇɅǛƲǾɅȷ٪خڤׇֿح٪ƫǛƫ٪

not undergo the measurement. Reasons for not participating in this test were: nausea/

ǍƇǍǍǛǾǍ٪حn ؙخ׀٪ڏ٪ƇǾɫǛƲɅɬإɅƲǾȷǛȉǾ٪حn ؙخ׀٪ڏ٪ȉȯ٪ǳȉǍǛȷɅǛƤƇǳ٪ȯƲƇȷȉǾȷ٪حn ؘخ׀٪ڏ٪FȯȉǼ٪ɅǕƲ٪ȯƲǼƇǛǾǛǾǍ٪׃׀٪

ȬƇɅǛƲǾɅȷؙ٪ȷǛɫ٪ȬǕȉɅȉȷ٪ɦƲȯƲ٪ȉǌ٪ǛǾȷɍǌ˚ƤǛƲǾɅ٪ȮɍƇǳǛɅɬ٪Ʌȉ٪ƤȉɍǾɅ٪ɅǕƲ٪ǌɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲؘ٪�ɥƲȯƇǳǳؙ٪

ǌɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬ٪Ƥȉɍǳƫ٪ƣƲ٪ƤƇǳƤɍǳƇɅƲƫ٪ǌȉȯ٪ׇֿ٪خڤֿׄح٪ȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷؘ
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Concerning patients’ experiences, 81% reported that they really liked the overall 

assessment and 84% reported that they did not experience any problems concerning 

ƤȉǾƤƲǾɅȯƇɅǛȉǾؘ٪%Ǜǌ˚ƤɍǳɅɬ٪ȉǌ٪ɅǕƲ٪ɅƲȷɅȷ٪ɦƇȷ٪ȮɍƇǳǛ˚Ʋƫ٪ƣɬ٪ׅ هƇ٪ƣǛɅ٪ƫǛǌ˚ƤɍǳɅؘن٪ȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷ٪Ƈȷ٪ڤֿ ٪

In addition, 39% of the patients reported time of the assessment as “long lasting”.

Smell and taste function

Figure 1 shows smell function of the childhood cancer patients and controls. A 

ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲ٪ǛǾ٪ȷǼƲǳǳ٪ɅǕȯƲȷǕȉǳƫ٪ɦƇȷ٪ǌȉɍǾƫ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ƤȉǾɅȯȉǳȷ٪

٪ȷǕȉɦǛǾǍ٪ǳȉɦƲȯ٪ɅǕȯƲȷǕȉǳƫȷ٪ǛǾ٪ȬƇɅǛƲǾɅȷؘ٪%U¯٪ƇǾƫ٪U%٪ɦƲȯƲ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ؙخֿ־־ؘ־٪ڏ٪pح

ƫǛǌǌƲȯƲǾɅ٪ƣƲɅɦƲƲǾ٪ɅǕƲ٪Ʌɦȉ٪ǍȯȉɍȬȷؘ٪UǾ٪ȬƇɅǛƲǾɅȷؙ٪Ǿȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪ȷǼƲǳǳ٪

function were found between the two measurements.

Figure 1.٪�ȉɫȬǳȉɅȷ٪ǌȉȯ٪ɅǕƲ٪ɅǕȯƲƲ٪ƫǛǌǌƲȯƲǾɅ٪ȷǼƲǳǳ٪ɅƲȷɅȷؚ٪ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪حƇؙخ٪ȉƫȉȯ٪ƫǛȷƤȯǛǼǛǾƇɅǛȉǾ٪حƣؙخ٪
ƇǾƫ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪حƤؘخ٪½ǕƲ٪ƣȉɫȬǳȉɅȷ٪ȯƲǌƲȯ٪Ʌȉ٪ɅǕƲ٪ǼƲƫǛƇǾ٪ȷƤȉȯƲ٪حǼǛƫȬȉǛǾɅ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷؙخ٪ɅǕƲ٪˚ȯȷɅ٪
ȮɍƇȯɅǛǳƲ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷ٪ح¦ֿؙ٪ǳȉɦƲȯ٪ƣȉɍǾƫƇȯɬ٪ȉǌ٪ɅǕƲ٪ƣȉɫؙخ٪ƇǾƫ٪ɅǕƲ٪ɅǕǛȯƫ٪ȮɍƇȯɅǛǳƲ٪ȉǌ٪ɅǕƲ٪ȷƤȉȯƲȷ٪ح¦ׁؙ٪ɍȬȬƲȯ٪
ƣȉɍǾƫƇȯɬ٪ȉǌ٪ɅǕƲ٪ƣȉɫؘخ٪½ǕƲ٪ȯƇǾǍƲ٪ȉǌ٪ɅǕƲ٪ƣȉɫ٪ȯƲȬȯƲȷƲǾɅȷ٪ɅǕƲ٪ǛǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲ٪حU¦§٪ؙخֿ¦٪ػ٪ׁ¦٪ڏ٪ƇǾƫ٪
the whiskers indicate what data points can be considered outliers. The upper whisker extends to the 
ǼȉȷɅ٪ƲɫɅȯƲǼƲ٪ȷƤȉȯƲ٪Ǿȉ٪ǼȉȯƲ٪ɅǕƇǾ٪ֿؘ׃٪ɅǛǼƲȷ٪ɅǕƲ٪U¦§٪ƇƣȉɥƲ٪¦ׁؙ٪ƇǾƫ٪ɅǕƲ٪ǳȉɦƲȯ٪ɦǕǛȷǯƲȯ٪ƲɫɅƲǾƫȷ٪Ʌȉ٪ɅǕƲ٪
ǼȉȷɅ٪ƲɫɅȯƲǼƲ٪ȷƤȉȯƲ٪Ǿȉ٪ǼȉȯƲ٪ɅǕƇǾ٪ֿؘ׃٪ɅǛǼƲȷ٪ɅǕƲ٪U¦§٪ƣƲǳȉɦ٪¦ֿؘ٪vȉɅƲ٪ɅǕƇɅ٪ɅǕƲ٪ƫƇɅƇ٪ȬȉǛǾɅȷ٪ȯƲȬȯƲȷƲǾɅ٪
individual scores and that these points were slightly jittered to avoid overplotting.

5



98

Chapter 5

�ȉǼȬƇȯƲƫ٪Ʌȉ٪ƤȉǾɅȯȉǳȷؙ٪ȬƇɅǛƲǾɅȷ٪ǕƇƫ٪Ƈ٪ƫǛǌǌƲȯƲǾɅ٪ȷȉɍȯ٪ɅƇȷɅƲ٪ɅǕȯƲȷǕȉǳƫ٪حp٪ح٪خ׀ׂ־ؘ־٪ڏFǛǍɍȯƲ٪

٪ƲǍƇȯƫǛǾǍ٪ɅǕƲ٪ȉɅǕƲȯ٪ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷؙ٪Ǿȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ɦƲȯƲ٪ǌȉɍǾƫ٪ƣƲɅɦƲƲǾ§٪ؘخ׀

ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ƤȉǾɅȯȉǳȷؘ٪ UǾ٪ȬƇɅǛƲǾɅȷؙ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪حp٪ؙخֿ־־ؘ־٪ڒ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪حp٪ؙخ׆׀־ؘ־٪ڏ٪

ƇǾƫ٪ ɅȉɅƇǳ٪ ɅƇȷɅƲ٪ ǌɍǾƤɅǛȉǾ٪ ٪ɦƲȯƲ٪خׂ־־ؘ־٪ڏ٪pح ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ ƫǛǌǌƲȯƲǾɅ٪ ƇǌɅƲȯ٪ Ƈ٪ ƤɬƤǳƲ٪ ȉǌ٪

chemotherapy, showing higher scores at T2.

Table 2 shows subjective smell, taste, and appetite of childhood cancer patients at 

½ֿؘ٪½ɦƲǳɥƲ٪ȬƇɅǛƲǾɅȷ٪خڤׇׁح٪ȯƲȬȉȯɅƲƫ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ֿֿ٪ȬƇɅǛƲǾɅȷ٪خڤׁׄح٪ȯƲȬȉȯɅƲƫ٪

ɅƇȷɅƲ٪ƤǕƇǾǍƲȷؙ٪ȯƲ˛ƲƤɅǛǾǍ٪ƣȉɅǕ٪ǛǾƤȯƲƇȷƲƫ٪ƇǾƫ٪ƫƲƤȯƲƇȷƲƫ٪ȬƲȯƤƲȬɅǛȉǾȷؘ٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ׂ׀٪

ȬƇɅǛƲǾɅȷ٪خڤׅׅح٪ȯƲȬȉȯɅƲƫ٪ƇǳɅƲȯƇɅǛȉǾȷ٪ǛǾ٪ƇȬȬƲɅǛɅƲؘ

Table 2. ¯ɍƣǬƲƤɅǛɥƲ٪ȷǼƲǳǳؙ٪ɅƇȷɅƲؙ٪ƇǾƫ٪ƇȬȬƲɅǛɅƲ٪ƇǼȉǾǍ٪ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ƇɅ٪½ֿ٪حn٪ؘخֿׁ٪ڏ

Rating Number of patients 
خڤح

Changes since start 
chemotherapy

Number of patients 
خڤح

Smell

Very good
Good
Moderate
Bad
Very bad

خ׆ؘ׃׀ح٪׆
خֿׁؘׄح٪ׇֿ
خׇؘ׀ֿح٪ׂ
خ־ؘ־ح٪־
خ־ؘ־ح٪־

Much better
Better
Unchanged
Worse
Much worse

خׂؘׄح٪׀
خׇֿׂؘح٪ׄ
خֿׁؘׄح٪ׇֿ
خׇؘ׀ֿح٪ׂ
خ־ؘ־ح٪־

Taste

Very good
Good
Moderate
Bad
Very bad

خׇֿׂؘح٪ׄ
خ׃ׂؘׄح٪־׀
خׇؘׅح٪ׁ
خׂؘׄح٪׀
خ־ؘ־ح٪־

Much better
Better
Unchanged
Worse
Much worse

خ׀ׁؘح٪ֿ
خׇؘ׀ֿح٪ׂ
خ׃ׂؘׄح٪־׀
خׇֿׂؘح٪ׄ
خ־ؘ־ح٪־

Appetite

Very good
Good
Moderate
Bad
Very bad

خ׆ؘ׃׀ح٪׆
خؘׅ׆ׁح٪׀ֿ
خׇֿׂؘح٪ׄ
خׇؘׅح٪ׁ
خׂؘׄح٪׀

Much better
Better
Unchanged
Worse
Much worse

خ־ؘ־ح٪־
خ׃ؘ׃ׁح٪ֿֿ
خؘׄ׀׀ح٪ׅ
خ׀ؘ׀ׁح٪־ֿ
خׇؘׅح٪ׁ
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Figure 2.٪�ȉɫȬǳȉɅȷ٪ǌȉȯ٪ɅǕƲ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷه٪ɅƲȷɅ٪ȷƤȉȯƲȷؚ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪حƇؙخ٪ȷƇǳɅɬ٪ɅƇȷɅƲ٪حƣؙخ٪ȷȉɍȯ٪ɅƇȷɅƲ٪حƤؙخ٪ƣǛɅɅƲȯ٪
ɅƇȷɅƲ٪حƫؙخ٪ƇǾƫ٪ɅȉɅƇǳ٪ȷƤȉȯƲ٪حƲؘخ٪vȉɅƲ٪ɅǕƇɅ٪ƫɍƲ٪Ʌȉ٪ɅǕƲ٪ǳǛǼǛɅƲƫ٪ȯƇǾǍƲ٪ȉǌ٪ȬȉȷȷǛƣǳƲ٪ȷƤȉȯƲȷ٪ǌȉȯ٪ɅǕƲ٪ǛǾƫǛɥǛƫɍƇǳ٪
ɅƇȷɅƲ٪ȮɍƇǳǛɅǛƲȷ٪؛ׂػ־ح٪Ƈػƫؙخ٪ȷȉǼƲ٪ƣȉɫƲȷ٪حƇǾƫ٪ɦǕǛȷǯƲȯȷخ٪ƇȬȬƲƇȯ٪ƤȉǾȷɅȯǛƤɅƲƫؘ

5
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Fungiform papillae density

FɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬ٪ɦƇȷ٪ǾƲǛɅǕƲȯ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƫǛǌǌƲȯƲǾɅ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪

ƤȉǾɅȯȉǳȷؙ٪Ǿȉȯ٪ƣƲɅɦƲƲǾ٪ɅǕƲ٪Ʌɦȉ٪ǼƲƇȷɍȯƲǼƲǾɅȷ٪ǛǾ٪ȬƇɅǛƲǾɅȷ٪ح½ƇƣǳƲ٪ׁ ٪FɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲ٪ؘخ

ƫƲǾȷǛɅɬ٪ɦƇȷ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƤȉȯȯƲǳƇɅƲƫ٪ɦǛɅǕ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ

Table 3. tƲƫǛƇǾ٪ȷƤȉȯƲȷ٪حU¦§خ٪ȉǌ٪ǌɍǾǍǛǌȉȯǼ٪ȬƇȬǛǳǳƇƲ٪ǛǾ٪ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷؘ

Controls
(n = 17)

Patients (T1)
(n = 19)

Patients (T2)
(n = 18)

p value*

Number of papillae خ־ׂؘ׀٪ػ٪׃ؘ׀ֿح٪־ؘ׃ֿ خ־ؘ׆׀٪ػ٪־ؘ׃ֿح٪־ؘ־׀ ֿح٪׃ؘ־׀ خ׆ؘ׃׀٪ػ٪׆ؘׅ 0.327

Papillae density خׇׂؘ׆٪ػ٪׀ׂׂؘح٪ֿׁؘ׃ خ־ׇׇؘ٪ػ٪ֿׁؘ׃ح٪ؘׅ־ׅ خׇֿֿؘ٪ػ٪׆ؘ׀ׄح٪׃ؘ׀ׅ 0.294

U¦§٪ڏ٪UǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲؘ
.p value between T1 and T2 within patients٪أ

Eating behavior

vȉ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ɦƲȯƲ٪ǌȉɍǾƫ٪ǛǾ٪�¤F�¯٪ȷƤȉȯƲȷ٪ƇǾƫ٪ɅǕƲ٪ȬȯƲɥƇǳƲǾƤƲ٪ȉǌ٪ƲƇɅǛǾǍ٪

ƫǛȷȉȯƫƲȯȷ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ƤȉǾɅȯȉǳȷ٪ح½ƇƣǳƲ٪ׂؘخ٪UǾ٪ȬƇɅǛƲǾɅȷؙ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ƇɅ٪

½ֿ٪ɦƇȷ٪ǾƲǍƇɅǛɥƲǳɬ٪ƤȉȯȯƲǳƇɅƲƫ٪ɦǛɅǕ٪¤�F٪حr = - 0.402, p ؙخ׀ׂ־ؘ־٪ڏ٪ǼƲƇǾǛǾǍ٪ɅǕƇɅ٪Ƈ٪ƣƲɅɅƲȯ٪

taste function is associated with less frequently reported ‘poor’ feeding strategies. 

�ƫƫǛɅǛȉǾƇǳǳɬؙ٪Ƈ٪ƫǛǌǌƲȯƲǾƤƲ٪ǛǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ح½ֿ٪ɥȷ٪½؛׀٪ǛؘƲؘؙ٪ǛǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ǛǾ٪ɅǕǛȷ٪

ƤƇȷƲخ٪ɦƇȷ٪ȬȉȷǛɅǛɥƲǳɬ٪ƤȉȯȯƲǳƇɅƲƫ٪ɦǛɅǕ٪��F٪حr = 0.469, p٪ؘخׁׅ־ؘ־٪ڏ٪½Ǖɍȷؙ٪ǛǾƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪

function in children with cancer was associated with eating disorders.

Table 4. Comparisons of BPFAS scores across childhood cancer patients and healthy controls.

Patients (n = 26) Controls (n = 20)

tƲƫǛƇǾ٪حU¦§خ N ƫǛȷȉȯƫƲȯ٪خڤح tƲƫǛƇǾ٪حU¦§خ N ƫǛȷȉȯƫƲȯ٪خڤح

Child Behavior – 
FȯƲȮɍƲǾƤɬ٪ح��Fخ

ׂ٪ػ٪׃ؘ׆ׁح٪־ׁׂؘ خׁؘׅ خ׃ֿֿؘح٪ׁ ׁ خ׆ؘ׃ׂ٪ػ٪ׁׁׂؘح٪־ؘׅ خ־ؘ־ֿح٪׀

Child Behavior – 
¤ȯȉƣǳƲǼ٪ح��خ¤

aخ׆ؘ־٪ػ٪־ؘ־ح٪־ؘ־ خ׃ؘ׀ֿح٪ׁ bخ־ؘ־٪ػ٪־ؘ־ح٪־ؘ־ خ־ؘ־ح٪־

Parent Behavior – 
FȯƲȮɍƲǾƤɬ٪ح¤�Fخ

خ־ؘ׆ֿ٪ػ٪־ֿׁؘح٪־ֿؘׄ خ׃ֿֿؘح٪ׁ خ־ֿؘׄ٪ػ٪־ؘ׀ֿح٪־ֿׂؘ خ־ؘ־ح٪־

Parent Behavior – 
¤ȯȉƣǳƲǼ٪ح¤�خ¤

aخ־ؘ־٪ػ٪־ؘ־ح٪־ؘ־ خ׃ؘ׀ֿح٪ׁ bخ־ؘ־٪ػ٪־ؘ־ح٪־ؘ־ خׇؘ׃ح٪ֿ

U¦§٪ڏ٪UǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲؘ
a n٪؛ׂ׀٪ڏ٪b n = 17
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DISCUSSION

The present study has shown that assessing smell, taste, and fungiform papillae 

density is feasible in children with cancer, as more than 60% of the patients were 

able to complete the tests. Although feasible, some adaptions are deemed necessary 

ȯƲǍƇȯƫǛǾǍ٪ɅǛǼƲ٪ƫɍȯƇɅǛȉǾ٪ƇǾƫ٪ƫǛǌ˚ƤɍǳɅɬ٪ǳƲɥƲǳ٪ȉǌ٪ɅǕƲ٪ɅƲȷɅȷؘ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ɦƲ٪ȷǕȉɦƲƫ٪

that taste function increased in childhood cancer patients during chemotherapy, 

especially for sweet and bitter taste. Lower smell thresholds were found in patients 

compared with healthy controls, which suggest that both smell and taste sensitivity 

increased in children with cancer.

Regarding smell function, a wide step method was used for the threshold test to 

enhance concentration and reduce time of investigation. This method has never 

been used in children, but has been shown reliable in adults 13. Due to the size of our 

control group, and its distribution across different age categories, it was not possible 

to compare the threshold scores with those derived from a regularly used narrow 

step method 22. Still, the wide step method provides an advantage for threshold 

testing in participants where time of investigation should be kept as short as 

possible 13. Although only one discrimination test was prematurely terminated due to 

nausea, several patients noted that they did not like the intensity and large number 

ȉǌ٪ȉƫȉȯƇǾɅȷ٪ƲǛɅǕƲȯؘ٪�ȉǾƤƲȯǾǛǾǍ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾؙ٪ƤǕǛǳƫȯƲǾ٪ɦƲȯƲ٪ȉǌɅƲǾ٪ǾȉɅ٪ǌƇǼǛǳǛƇȯ٪

ɦǛɅǕ٪ȷȉǼƲ٪ȉǌ٪ɅǕƲ٪ȉƫȉȯƇǾɅȷ٪حƲؘǍؘؙ٪ɅɍȯȬƲǾɅǛǾƲؙ٪ƇȬȬǳƲخ٪ǌȯȉǼ٪ɅǕƲ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƲȷɅؘ٪

½ǕǛȷ٪˚ǾƫǛǾǍ٪Ǜȷ٪ƤȉǾȷǛȷɅƲǾɅ٪ɦǛɅǕ٪Ƈ٪ȷɅɍƫɬ٪ƇǼȉǾǍ٪GƲȯǼƇǾ٪ƤǕǛǳƫȯƲǾ٪23. The Universal Sniff 

½ƲȷɅؙ٪Ƈ٪ȯƲƤƲǾɅǳɬ٪ƫƲɥƲǳȉȬƲƫ٪ǛǾɅƲȯǾƇɅǛȉǾƇǳ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƲȷɅ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾؙ٪ɦǛǳǳ٪ƣƲ٪

more suitable as odorants are selected on familiarity 24. This test is now commercially 

available, including normative values for children aged 6 – 17 years 22.

�ȷ٪ȷǼƲǳǳ٪ɅǕȯƲȷǕȉǳƫȷ٪ƇȯƲ٪ǳƲȷȷ٪ǛǾ˛ɍƲǾƤƲƫ٪ƣɬ٪ƇǍƲؙ٪ƤȉǾɅȯǛƣɍɅƲ٪Ʌȉ٪Ƈ٪ǳƇȯǍƲ٪ƲɫɅƲǾɅ٪Ʌȉ٪ɅǕƲ٪

diagnosis of smell loss, and seem affected the most in our study population, the 

assessment of smell function in children with cancer should include at least an 

odor threshold test 25, 26. However, the assessment of several components of smell 

function, instead of a single component, is preferred. Therefore, a suitable odor 

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƇȷǯ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾؙ٪ȷɍƤǕ٪Ƈȷ٪ɅǕƲ٪ÄǾǛɥƲȯȷƇǳ٪̄ ǾǛǌǌ٪½ƲȷɅؙ٪ȷǕȉɍǳƫ٪ƣƲ٪ƇƫƫƲƫؘ٪�ƫȉȯ٪

discrimination does not seem to have much added value in children with cancer and 

child-friendly tasks are lacking. Removing this task will save at least ten minutes.

5
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Investigating taste function and papillae density can be considered feasible, although 

the assessment of papillae density was more problematic in children with cancer. The 

main obstacle was not the measurement, which relatively few children disliked, but 

rather obtaining a proper photograph of the tongue. Photographs regularly failed 

due to movement of the tongue or being taken in poorly lit rooms. Sometimes, 

fungiform papillae were invisible because of a white layer on the surface of the 

tongue. So-called oral thrush, or oral candidiasis, is common among people with 

a weakened immune system 27ؘ٪ UǾ٪ƇƫƫǛɅǛȉǾؙ٪ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬ٪ɦƇȷ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪

different between the groups nor correlated with taste function in patients. Although 

feasible, the limitations and current results do not warrant further investigation 

of fungiform papillae density in children with cancer. Practical issues need to be 

ȉɥƲȯƤȉǼƲ٪˚ȯȷɅ٪Ʌȉ٪ȯƲƫɍƤƲ٪ɅǕƲ٪ƣɍȯƫƲǾ٪ȉǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ

Results of our study seem to indicate that smell function sensitizes in children with 

cancer, showing lower smell thresholds compared to controls. Smell function did not 

ƤǕƇǾǍƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ǛǾ٪ȬƇɅǛƲǾɅȷؘ٪�ɍȯ٪˚ǾƫǛǾǍȷ٪ƇȯƲ٪ǛǾ٪

contrast with those of previous studies who examined adults receiving chemotherapy. 

For example, women undergoing chemotherapy for breast cancer or gynecological 

malignancies showed increased smell thresholds during chemotherapy 9. In addition, 

men undergoing chemotherapy for testicular cancer showed no changes in smell 

function 28. Although there was no measurement before diagnosis, and it cannot be 

ruled out that lower smell thresholds were already present before diagnosis, several 

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪حn خ׆٪ڏ٪ȯƲȬȉȯɅƲƫ٪Ƈ٪ƣƲɅɅƲȯ٪ȉȯ٪ǼɍƤǕ٪ƣƲɅɅƲȯ٪ȷǼƲǳǳ٪ȬƲȯƤƲȬɅǛȉǾ٪ȷǛǾƤƲ٪

the start of chemotherapy. This may well be an underestimation. Increased smell 

ȷƲǾȷǛɅǛɥǛɅɬ٪ɦƇȷ٪ɅɬȬǛƤƇǳǳɬ٪ǬɍƫǍƲƫ٪Ƈȷ٪ǾƲǍƇɅǛɥƲؘ٪¤ȉȷȷǛƣǳɬؙ٪ȷȉǼƲ٪ƤǕǛǳƫȯƲǾ٪ƤȉǾ˛ƇɅƲƫ٪ɅǕƲǛȯ٪

evaluation of their altered sense of smell with their altered smell sensitivity leading 

them to rate their sense of smell as ‘worse’ after chemotherapy. Future research on 

subjective smell and taste sensitivity in children with cancer requires more careful 

instruction and phrasing of questions.

The current study showed increased sweet, bitter, and total taste function after 

a cycle of chemotherapy. So far, evidence regarding smell and taste function in 

childhood cancer patients during chemotherapy is limited to cross-sectional studies 

with small sizes. Those studies generally show reduced taste perception for all taste 

qualities, or bitter taste only, in children with cancer compared to healthy controls 
7, 29. When reviewing prospective studies among adults receiving chemotherapy, 
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changes in sweet taste and, to a lesser extent, bitter taste seem more common than 

changes in salt or sour perception 30. However, taste changes in the current subset 

of childhood cancer patients were characterized by increased perception of sweet 

and bitter taste, while adults generally experience a decreased perception of these 

taste qualities during chemotherapy. Maybe other pathways are involved in children 

compared to adults.

The etiology of smell and taste changes during chemotherapy is not fully understood. 

In general, damage to sensory receptor cells and abnormal neuronal activity are 

thought to be the major cause of these distortions 31. Smell and taste receptor cells 

have high turnover rates, as do cancer cells, and particularly rapidly dividing cells are 

ƇǌǌƲƤɅƲƫ٪ƣɬ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪ÝǛɅǕ٪ȯƲȷȬƲƤɅ٪Ʌȉ٪ȷȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ȷɍƣȷɅƇǾƤƲȷؙ٪

drugs such as methotrexate, vincristine, cisplatin, carboplatin, doxorubicin, 

ƤɬƤǳȉȬǕȉȷȬǕƇǼǛƫƲؙ٪ׄعǼƲȯƤƇȬɅȉȬɍȯǛǾƲؙ٪ƇǾƫ٪ع׃٪˛ɍȉȯȉɍȯƇƤǛǳ٪Ƈǳǳ٪ȷƲƲǼ٪Ʌȉ٪ƣƲ٪ƇȷȷȉƤǛƇɅƲƫ٪

with taste changes in adults but not necessarily with smell changes 32. Taste changes 

may be also related to oral mucositis, poor oral hygiene, infections, or a dry mouth. In 

ƇƫƫǛɅǛȉǾؙ٪ǛɅ٪Ǜȷ٪ȬȯƲȷɍǼƲƫ٪ɅǕƇɅ٪ƤƇǾƤƲȯعȯƲǳƇɅƲƫ٪ǛǾ˛ƇǼǼƇɅǛȉǾ٪ƤƇǾ٪ɅȯǛǍǍƲȯ٪ƇȬȉȬɅȉȷǛȷ٪ȉǌ٪ɅǕƲ٪

taste bud cells through cytokine signaling pathways and thereby contributing to the 

development of taste disorders 33. An enhanced ability to smell during chemotherapy, 

potentially resulting in food aversions and nausea, might be a strengthened defense 

mechanism of the sensory organ to avoid ingestion of potentially harmful substances 

into the body 34. However, many questions remain regarding smell and taste changes 

during chemotherapy.

Taste function was correlated with eating behavior and feeding strategies in children 

ɦǛɅǕ٪ƤƇǾƤƲȯؘ ٪½ǕǛȷ٪Ǜȷ٪ǛǾ٪ǳǛǾƲ٪ɦǛɅǕ٪ȮɍƇǳǛɅƇɅǛɥƲ٪ȷɅɍƫǛƲȷ٪ɅǕƇɅ٪ƇǳȯƲƇƫɬ٪ǕǛǍǕǳǛǍǕɅƲƫ٪ɅǕƲ٪ǛǾ˛ɍƲǾƤƲ٪

of taste changes on food preferences and eating behavior 7, 8, 35. Since eating behavior 

ƇǾƫ٪ǌȉȉƫ٪ȬȯƲǌƲȯƲǾƤƲȷ٪ƇȯƲ٪ȷɅǛǳǳ٪ƫƲɥƲǳȉȬǛǾǍ٪ǛǾ٪ƤǕǛǳƫȯƲǾؙ٪ƇǾƫ٪ƇȯƲ٪ȷɅȯȉǾǍǳɬ٪ǛǾ˛ɍƲǾƤƲƫ٪ƣɬ٪

the chemical senses, it is suggested that the impact of smell and taste changes in the 

long term could be large as well 36, 37. To prevent children with cancer from inadequate 

food intake and bad dietary habits due to this phenomenon, longitudinal studies 

are needed to identify the course of smell and taste changes and its consequences 

regarding food intake and eating behavior during and after chemotherapy.

This study aimed to investigate feasibility of smell, taste, and papillae density 

assessment in children with cancer. Therefore, the current results regarding smell 

5
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and taste function do not allow for strong conclusions and should be considered 

as tentative. Even if it is the largest study to date, the size of the current study is 

small, lacks a measurement at diagnosis, and vary in time intervals between 

measurements. Nevertheless, the prospective study design and control group make 

the results of this feasibility study already useful for a burgeoning understanding of 

smell and taste changes in children with cancer during chemotherapy.

In conclusion, the assessment of smell and taste function and fungiform papillae 

density is feasible in children with cancer. Future longitudinal studies should focus on 

ȷǼƲǳǳ٪حɅǕȯƲȷǕȉǳƫ٪ƇǾƫ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾخ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ ٪ɦǕƲȯƲƇȷ٪

the assessment of fungiform papillae density should be omitted. In addition, results of 

the current study suggest a remarkable increased smell and taste sensitivity in children 

ɦǛɅǕ٪ƤƇǾƤƲȯؙ ٪ɦǕǛƤǕ٪ɦƇȷ٪ƇǾ٪ɍǾƲɫȬƲƤɅƲƫ٪˚ǾƫǛǾǍ٪ƇǾƫ٪ȯƲȮɍǛȯƲȷ٪ǌɍȯɅǕƲȯ٪ǛǾɥƲȷɅǛǍƇɅǛȉǾؘ
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Chapter 6

ABSTRACT

Background & aims Smell and taste changes are bothersome treatment symptoms 

interfering with dietary intake and quality of life. It remains unclear how and when 

children with cancer experience such changes during chemotherapy, and if they 

resolve after treatment. Therefore, our aim was to get insight into the dynamics of 

smell and taste function in children with cancer both during and after treatment 

with chemotherapy.

Methods A prospective longitudinal study with 94 childhood cancer patients treated 

for hematological, solid, or brain malignancies was performed. Smell and taste 

ǌɍǾƤɅǛȉǾ٪ɦƲȯƲ٪ƇȷȷƲȷȷƲƫ٪ɍȷǛǾǍ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪حȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪ƇǾƫ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾخ٪ƇǾƫ٪

Taste Strips, respectively. For both tests, normative values were used to identify the 

presence of smell and taste abnormalities. Self-reported smell and taste changes 

were assessed using a questionnaire. Measurements were taken at approximately 6 

ɦƲƲǯȷ٪ؙخ־½ح٪ׁ٪ǼȉǾɅǕȷ٪ؙخֿ½ح٪ׄ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ȷɅƇȯɅǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ؙخ׀½ح٪ƇǾƫ٪ׁ٪ǼȉǾɅǕȷ٪

after the stop of chemotherapy or maintenance phase for children with acute 

ǳɬǼȬǕȉƣǳƇȷɅǛƤ٪ǳƲɍǯƲǼǛƇ٪ح�jjؘخׁ½ح٪خ٪jǛǾƲƇȯ٪ǼǛɫƲƫ٪ǼȉƫƲǳȷ٪ɦƲȯƲ٪ƲȷɅǛǼƇɅƲƫ٪Ʌȉ٪ƇǾƇǳɬɶƲ٪

ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ؘخ׀ع־½ح٪ÝǛǳƤȉɫȉǾ٪ȷǛǍǾƲƫ٪ȯƇǾǯ٪ɅƲȷɅȷ٪

were used to compare data between the last time point in active treatment to T3.

Results ¯ǼƲǳǳ٪ ƇǾƫ٪ ɅƇȷɅƲ٪ ȷƤȉȯƲȷ٪ƫǛƫ٪ǾȉɅ٪ ƤǕƇǾǍƲ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ ɅȯƲƇɅǼƲǾɅ٪ ٪ؘخ׀ع־½ح

OȉɦƲɥƲȯؙ ٪ɅǕƲ٪ȬȯȉȬȉȯɅǛȉǾ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ȷǕȉɦǛǾǍ٪ǾȉȯǼƇǳ٪ȷǼƲǳǳ٪حǛؘƲؘؙ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾخ٪ƇǾƫ٪

ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ɦƇȷ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǳȉɦƲȯ٪ɅǕƇǾ٪ƲɫȬƲƤɅƲƫ٪ƣƇȷƲƫ٪

on normative values. Approximately 20% of the patients suffered from decreased 

taste function, particularly children with lymphoma or solid tumors. Changes in smell 

ɦƲȯƲ٪ȬȯƲƫȉǼǛǾƇǾɅǳɬ٪ƤǕƇȯƇƤɅƲȯǛɶƲƫ٪Ƈȷ٪ǛǾƤȯƲƇȷƲƫ٪ȯƇɅǕƲȯ٪ɅǕƇǾ٪ƫƲƤȯƲƇȷƲƫؙ٪ȷȬƲƤǛ˚ƤƇǳǳɬ٪

among children with hematological malignancies. Self-reported changes were much 

more common than objectively measured, but heterogeneous, with smell changes 

ranging from 26 to 53% and taste changes up to 80% during treatment. After active 

treatment, odor threshold scores decreased in children with ALL during maintenance 

phase, whereas total taste scores increased in all children at T3.

Conclusion Objectively measured smell and taste function remained stable during 

active treatment, while at the individual level a fairly large number of children 

suffered from chemosensory distortions which comprised either increased or 
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decreased sensitivity. Individual dietary advice and coping strategies are warranted 

to prevent detrimental effects on food intake and improve quality of life of children 

with cancer.

Keywords smell, taste, childhood cancer, chemotherapy
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Chapter 6

INTRODUCTION

Childhood cancer is a rare disease, but it is still the major cause of death among 

children in the Western world 1. Each year, around 600 children are diagnosed with 

cancer in the Netherlands 2. In recent decades, new therapies and more intensive 

treatment regimens have resulted in survival rates of approximately 80% 3, 4. However, 

these intensive cancer treatments have severe side effects such as infections, pain, 

nausea and vomiting 5. It is well-known that side effects are associated with worse 

survival and poor quality of life, highlighting the importance of supportive care 6, 7. 

¯ɍȬȬȉȯɅǛɥƲ٪ƤƇȯƲ٪ƤƇǾ٪ƣƲ٪ƫƲ˚ǾƲƫ٪Ƈȷ٪ɅǕƲ٪ȬȯƲɥƲǾɅǛȉǾ٪ƇǾƫ٪ǼƇǾƇǍƲǼƲǾɅ٪ȉǌ٪ɅǕƲ٪ƇƫɥƲȯȷƲ٪

effects of cancer and its treatment, aiming to ensure patients withstand their 

treatment physically and mentally as well as possible 8.

Nutrition plays an important aspect within supportive care, as a poor nutritional 

status – including both underweight and overweight – is associated with adverse 

clinical outcomes 9-15. Maintaining an optimal nutritional status is challenging as 

many treatment-related side effects interfere with food intake 16. Although frequently 

overlooked in clinical practice, children with cancer report taste changes as being one 

of the most frequent, unpleasant, and distressful side effects during treatment 17, 18. 

This is corroborated by qualitative studies in which children with cancer interviewed 

during or after chemotherapy report that treatment-induced changes in taste and 

smell negatively impact their daily lives 19, 20. Moreover, a recent study showed that 

self-reported taste and smell alterations in children with cancer are also associated 

with impaired nutritional status 21.

�ƇǾƤƲȯ٪ɅȯƲƇɅǼƲǾɅ٪حȬƇȯɅǛƤɍǳƇȯǳɬ٪ƤǕƲǼȉɅǕƲȯƇȬɬخ٪ǛǼȬƇƤɅȷ٪ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷى٪

chemical senses: smell and taste. The question arises how smell and taste are 

affected during treatment. Is there a loss of smell and taste, as it is often seen 

in adults with cancer during chemotherapy, or rather a heightened sensitivity 

or distorted chemosensory perception 22, 23? Few studies have quantitatively 

investigated taste and smell changes in these patients before. Skolin and colleagues 

ǌȉɍǾƫ٪ɅǕƇɅ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪حn٪خ־ֿ٪ڏ٪ǕƇƫ٪ǕǛǍǕƲȯ٪ɅǕȯƲȷǕȉǳƫȷ٪ǌȉȯ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪ƇǾƫ٪

made more taste recognition errors compared to controls 24, suggesting a negative 

impact of cancer treatment on taste function. In contrast, our feasibility study 

ȷǕȉɦƲƫ٪ɅǕƇɅ٪ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪حn٪خֿׁ٪ڏ٪ƣƲƤƇǼƲ٪ǼȉȯƲ٪ȷƲǾȷǛɅǛɥƲ٪Ʌȉ٪ȷɦƲƲɅ٪

and bitter taste after a cycle of chemotherapy and had lower smell thresholds 
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compared to controls 25, suggesting heightened taste and smell sensitivity in 

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ٪½ǕƲȷƲ٪ƤȉǾɅȯƇƫǛƤɅȉȯɬ٪˚ǾƫǛǾǍȷ٪ǼǛǍǕɅ٪ƣƲ٪ƲɫȬǳƇǛǾƲƫ٪ƣɬ٪ɅǕƲ٪ǳƇȯǍƲ٪

heterogeneity in chemotherapeutic treatment regimens used in pediatric oncology. 

Conceivably, some chemotherapeutic agents might have a detrimental effect on 

taste and smell function whereas other agents increase taste and smell function. 

A recent review found the following drugs to be most frequently associated with 

smell and taste disorders, namely docetaxel, paclitaxel, nab-paclitaxel, capecitabine, 

cyclophosphamide, epirubicin, anthracyclines, and oral 5-FU analogues 26.

As previous studies were performed with small samples and consisted of only one 

or two measurements, it remains unclear how, when, and among which types of 

childhood cancer changes in smell and taste are experienced during treatment. 

Note that the focus is primarily on chemotherapeutic treatment since children 

with cancer are typically treated with chemotherapy and much less often with 

radiotherapy. Therefore, we conducted a prospective cohort study among children 

ɦǛɅǕ٪ƤƇǾƤƲȯ٪ǛǾ٪ɅǕƲǛȯ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾƫ٪ǼƲƇȷɍȯƲƫ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪

at several time points during and after treatment with chemotherapy. We aimed to 

get insight into the dynamics of smell and taste function both during and after the 

course of treatment, as well as the general occurrence of smell and taste dysfunction 

investigated through objective measures and self-report.

METHODS

Participants

This study was performed at the Princess Máxima Center for Pediatric Oncology 

in Utrecht, the Netherlands. All children newly diagnosed with cancer and treated 

with chemotherapy were asked to participate in a prospective cohort study called 

¯-v¯�§ã׀ع٪ ƣƲɅɦƲƲǾ٪vȉɥƲǼƣƲȯ٪ ٪־׀־׀ ƇǾƫ٪ eƇǾɍƇȯɬ٪ ٪ؘ׀׀־׀ ½ǕƲ٪ ǌȉǳǳȉɦعɍȬ٪ ȬƲȯǛȉƫ٪

ended in March 2023. Eligible patients had no prior diagnosis of cancer, were able 

to understand Dutch, and were 6 to 18 years old. Children younger than 6 years 

were not considered for inclusion as the validity of chemosensory tests in younger 

children is limited 27, 28ؘ٪-ɫƤǳɍȷǛȉǾ٪ƤȯǛɅƲȯǛƇ٪ɦƲȯƲ٪ǛȷȉǳƇɅƲƫ٪ƤȉǾǍƲǾǛɅƇǳ٪ƇǾȉȷǼǛƇ٪ƇǾƫ٪حȷƲǳǌع

ȯƲȬȉȯɅƲƫخ٪ƇǳǳƲȯǍɬ٪Ʌȉ٪ȮɍǛǾǛǾƲؘ٪-ɅǕǛƤƇǳ٪ƇȬȬȯȉɥƇǳ٪ɦƇȷ٪ȉƣɅƇǛǾƲƫ٪ǌȯȉǼ٪ɅǕƲ٪tƲƫǛƤƇǳ٪-ɅǕǛƤȷ٪

§ƲɥǛƲɦ٪�ȉǼǼǛɅɅƲƲ٪ȉǌ٪ɅǕƲ٪ÄǾǛɥƲȯȷǛɅɬ٪tƲƫǛƤƇǳ٪�ƲǾɅƲȯ٪ÄɅȯƲƤǕɅ٪حt-½�٪vׇֿؘؘخׇ־׆٪ÝȯǛɅɅƲǾ٪

ǛǾǌȉȯǼƲƫ٪ƤȉǾȷƲǾɅ٪ɦƇȷ٪ȉƣɅƇǛǾƲƫ٪ǌȯȉǼ٪ɅǕƲ٪ȬƇȯƲǾɅȷؙ٪ƇǾƫ٪ǌȯȉǼ٪ƤǕǛǳƫȯƲǾ٪׀ֿ٪ړ٪ɬƲƇȯȷؘ
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Procedure

Smell and taste function were assessed at four time points, so-called “main study 

ɥǛȷǛɅȷؚه٪ɦǛɅǕǛǾ٪ȷǛɫ٪ɦƲƲǯȷ٪ȉǌ٪ƫǛƇǍǾȉȷǛȷ٪ؙخ־½ح٪ׁ٪ǼȉǾɅǕȷ٪خֿ½ح٪ƇǌɅƲȯ٪ȷɅƇȯɅǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬؙ٪

ׄ٪ ǼȉǾɅǕȷ٪ ٪خ׀½ح ƇǌɅƲȯ٪ ȷɅƇȯɅǛǾǍ٪ ƤǕƲǼȉɅǕƲȯƇȬɬؙ٪ ƇǾƫ٪ ׁ٪ ǼȉǾɅǕȷ٪ ٪خׁ½ح ƇǌɅƲȯ٪ ƲǾƫǛǾǍ٪

chemotherapy. For children with ALL, T3 was performed during the maintenance 

ȬǕƇȷƲ٪ ٪ƇȬȬȯȉɫǛǼƇɅƲǳɬح ٪ɦǕƲǾ٪ƤǕǛǳƫȯƲǾ٪ȯƲƤƲǛɥƲ٪Ƈ٪ǼɍƤǕ٪خǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷ٪׀ֿ

ǍƲǾɅǳƲȯ٪ ǌȉȯǼ٪ ȉǌ٪ ƤǕƲǼȉɅǕƲȯƇȬɬ٪ ٪ɅɬȬǛƤƇǳǳɬح ƤȉǼȬȯǛȷǛǾǍ٪ ȉȯƇǳ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲ٪ ƇǾƫ٪

ǼƲɅǕȉɅȯƲɫƇɅƲؙ٪ɦǛɅǕ٪ƇƫƫǛɅǛȉǾƇǳ٪ɥǛǾƤȯǛȷɅǛǾƲ٪ƇǾƫ٪ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪ǌȉȯ٪ȷȉǼƲ٪ȬƇɅǛƲǾɅȷخ٪

that does not require hospital admissions. To investigate possible changes in taste 

and smell function directly after a cycle of chemotherapy, participating children were 

ƇȷǯƲƫ٪ǌȉȯ٪ƇǾ٪ƲɫɅȯƇ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ȉǌ٪ɅǕƲǛȯ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪ׅ٪ֿ׀٪ػ٪ƫƇɬȷ٪خ�ֿ½ح٪

after T1. All measurements were performed during regular visits to the hospital to 

make study participation as practical as possible for patients.

tƲƇȷɍȯƲǼƲǾɅȷ٪ƇɅ٪½׀½ع־٪ǼƇǛǾǳɬ٪Ʌȉȉǯ٪ȬǳƇƤƲ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɦƇɥƲȷ٪ȉǌ٪ɅǕƲ٪��ÜU%ׇֿع٪

pandemic, when children were less likely to become infected than adults. However, 

the later omicron variant also affected many children – including children with 

cancer. Since COVID-19 can affect the sense of smell and taste, T3 measurements 

were postponed for 3 months for those patients who had had a recent infection. The 

measurement was then scheduled with the patient’s visit to the outpatient clinic for 

a regular consultation 29. In addition, patients were asked whether they had suffered 

from smell and/or taste problems and whether they had recovered from them.

Measurements

Smell function

¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ح�ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪GƲȯǼƇǾɬخ٪ɦƲȯƲ٪ɍȷƲƫ٪Ʌȉ٪ƫƲɅƲȯǼǛǾƲ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪
30ؘ٪ÝƲ٪ ǛǾɥƲȷɅǛǍƇɅƲƫ٪ Ʌɦȉ٪ȬƇȯɅȷ٪ȉǌ٪ ȷǼƲǳǳ٪ ǌɍǾƤɅǛȉǾؚ٪ȉƫȉȯ٪ ɅǕȯƲȷǕȉǳƫ٪ ٪ƇǾƫ٪ȉƫȉȯ٪خ§O½ح

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪حU%ؘخ٪�ǳǳ٪ȉƫȉȯƇǾɅȷ٪ɦƲȯƲ٪ȬȯƲȷƲǾɅƲƫ٪ǛǾ٪ȬƲǾعǳǛǯƲ٪ȉƫȉȯ٪ƫǛȷȬƲǾȷǛǾǍ٪ƫƲɥǛƤƲȷؙ٪

which were positioned 2 cm in front of the patient’s nostrils for approximately three 

ȷƲƤȉǾƫȷؘ٪Fȉȯ٪ɅǕƲ٪½O§عɅƲȷɅؙ٪Ƈ٪ǼȉƫǛ˚Ʋƫ٪ȷƲɅ٪ȉǌ٪ƲǛǍǕɅ٪ƫǛǳɍɅǛȉǾȷ٪حǛǾȷɅƲƇƫ٪ȉǌ٪ֿׄ٪ƫǛǳɍɅǛȉǾȷخ٪ȉǌ٪

ȬǕƲǾɬǳƲɅǕɬǳ٪ƇǳƤȉǕȉǳ٪؛�-¤ح٪ȯȉȷƲعǳǛǯƲ٪ȷǼƲǳǳخ٪ɦƇȷ٪ɍȷƲƫ٪Ʌȉ٪ȯƲƫɍƤƲ٪ɅǛǼƲ٪ȉǌ٪ǛǾɥƲȷɅǛǍƇɅǛȉǾؙ٪

taking potential fatigue into account. This wide step method has been shown to be 

reliable in adults 31. Each separate trial, three pens, of which one contained PEA and 

two contained a non-odorous solvent, were presented to the blindfolded participant. 

The participant had to distinguish the odor-containing pen in a staircase up-down 

procedure by starting with the lowest concentration of PEA. Reversal of the staircase 
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ɦƇȷ٪ɅȯǛǍǍƲȯƲƫ٪ƣɬ٪Ʌɦȉ٪ƤȉȯȯƲƤɅ٪ȉȯ٪ȉǾƲ٪ǌƇǳȷƲ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɍǾɅǛǳ٪ȷƲɥƲǾ٪ȯƲɥƲȯȷƇǳȷ٪ɦƲȯƲ٪

ȉƣɅƇǛǾƲƫ٪ ٪ȉȯ٪˚ɥƲح ȯƲɥƲȯȷƇǳȷ٪ Ǜǌ٪ ƇɅɅƲǾɅǛɥƲǾƲȷȷ٪ɦƇǾƲƫؘخ٪ ½ǕƲ٪ƇɥƲȯƇǍƲ٪ȉǌ٪ ɅǕƲ٪ ǳƇȷɅ٪ ǌȉɍȯ٪

reversal points was used as the threshold score and could range between 1 and 15.

ID was assessed by presenting twelve familiar odorants to children and they had 

to identify each odorant by using a 4-alternatives forced choice task 32. For ID, a 

correct response resulted in one point and scores could thus range between 0 and 

12. Normative values were used to distinguish between normal and altered smell 

ǌɍǾƤɅǛȉǾ٪حǛؘƲؘؙ٪ƫƲƤȯƲƇȷƲƫ٪־ֿڒحth٪ȬƲȯƤƲǾɅǛǳƲخ٪ȉȯ٪ǛǾƤȯƲƇȷƲƫ٪־ׇڑحth٪ȬƲȯƤƲǾɅǛǳƲخ٪ȷƲǾȷǛɅǛɥǛɅɬإ

ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȷǼƲǳǳȷ33٪خ.

Taste function

FǛǳɅƲȯعȬƇȬƲȯ٪ ȷɅȯǛȬȷ٪ ٪ƇȷɅƲ½ح ¯ɅȯǛȬȷؙ٪ �ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪ GƲȯǼƇǾɬخ٪ɦǛɅǕ٪ ǛǼȬȯƲǍǾƇɅƲƫ٪

concentrations of sweet, sour, salty, and bitter were used to determine taste 

recognition thresholds 34ؘ٪-ƇƤǕ٪ɅǛǼƲؙ٪ȉǾƲ٪ȉǌ٪ǌȉɍȯ٪ƤȉǾƤƲǾɅȯƇɅǛȉǾȷ٪ȉǌ٪ȷɦƲƲɅ٪ɅƇȷɅƲ٪ؙ׃־ؘ־ح٪

٪ؙخǼǳ٪ƤǛɅȯǛƤ٪ƇƤǛƫإǍ٪ׁؘ־٪ƇǾƫ٪ؙ׃ֿؘׄ־٪ׇؙ־ؘ־٪ؙ׃־ؘ־ح٪ȷȉɍȯ٪ɅƇȷɅƲ٪ؙخǼǳ٪ȷɍƤȯȉȷƲإǍ٪ׂؘ־٪ƇǾƫ٪ؙ׀ؘ־٪ֿؘؙ־

ȷƇǳɅɬ٪ɅƇȷɅƲ٪ֿؘؙ־٪ׂؙ־ؘ־٪ֿؙׄ־ؘ־ح٪ƇǾƫ٪׃׀ؘ־٪ǍإǼǳ٪ȷȉƫǛɍǼ٪ƤǕǳȉȯǛƫƲؙخ٪ȉȯ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪ׂؙ־־־ؘ־ح٪

٪ɦƇȷ٪ȬȯƲȷƲǾɅƲƫ٪ǛǾ٪ƇǾ٪ȉȯƫƲȯ٪خǼǳ٪ȮɍǛǾǛǾƲ٪ǕɬƫȯȉƤǕǳȉȯǛƫƲإǍ٪ׄ־־ؘ־٪ƇǾƫ٪ׂؙ׀־־ؘ־٪ׇؙ־־־ؘ־

of increasing concentrations. Taste strips were placed on the middle of the tongue 

for whole-mouth testing. Children were then asked whether the perceived taste 

was sweet, sour, salty, bitter, or tasteless. Scores for each taste quality range from 

0 to 4 and the total taste score was derived by summing the scores of each taste 

ȮɍƇǳǛɅɬ٪حȯƇǾǍƲ٪ؘخֿׄع־٪vȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ɦƲȯƲ٪ɍȷƲƫ٪Ʌȉ٪ƫǛȷɅǛǾǍɍǛȷǕ٪ƣƲɅɦƲƲǾ٪ǾȉȯǼƇǳ٪

ƇǾƫ٪ƇǳɅƲȯƲƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪حǛؘƲؘؙ٪ƫƲƤȯƲƇȷƲƫ٪־ֿڒحth٪ȬƲȯƤƲǾɅǛǳƲخ٪ȉȯ٪ǛǾƤȯƲƇȷƲƫ٪ȬƲȯƤƲȬɅǛȉǾ٪

.28٪خخth٪ȬƲȯƤƲǾɅǛǳƲ־ׇڑح

�ȬƇȯɅ٪ǌȯȉǼ٪ɅǕƲ٪ɅƇȷɅƲ٪ȯƲƤȉǍǾǛɅǛȉǾ٪ɅǕȯƲȷǕȉǳƫ٪ȷƤȉȯƲȷؙ٪ׄعǾعȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳ٪خ¤�§¤ح٪ɅƇȷɅƲȯ٪

ȷɅƇɅɍȷ٪ɦƇȷ٪ƫƲɅƲȯǼǛǾƲƫ٪ƣɬ٪Ƈ٪˚ǳɅƲȯ٪ȬƇȬƲȯ٪ȷɅȯǛȬ٪ǛǼȬȯƲǍǾƇɅƲƫ٪ɦǛɅǕ٪¤§�¤٪ح¯ƲǾȷȉǾǛƤȷ٪

UǾɅƲȯǾƇɅǛȉǾƇǳؙ٪veؙ٪ÄǾǛɅƲƫ٪¯ɅƇɅƲȷؙ٪ڢ٪־׀Ǎإ٪ȷɅȯǛȬؘخ٪½ǕƲ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ɅƇȷɅƲ٪¤§�¤٪Ǜȷ٪ǍƲǾƲɅǛƤƇǳǳɬ٪

controlled and correlates with increased sensitivity to taste stimuli and other 

orosensory sensations 35, 36. Participants were instructed to place the strip on the 

dorsal surface of the tongue for approximately 30 s and were then asked whether 

ɅǕƲɬ٪ɅƇȷɅƲƫ٪ƇǾɬɅǕǛǾǍ٪حɬƲȷإǾȉ37٪خ. Participants who answered “no” or reported that 

ɅǕƲ٪ȷɅȯǛȬ٪نɅƇȷɅƲȷ٪ǳǛǯƲ٪ȬƇȬƲȯه٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪نǾȉǾعɅƇȷɅƲȯȷؘه٪�ǕǛǳƫȯƲǾ٪ɦǕȉ٪ǛǾƫǛƤƇɅƲƫ٪

ɅǕƇɅ٪ɅǕƲ٪ȷɅȯǛȬ٪ɅƇȷɅƲƫ٪نƣǛɅɅƲȯن٪ؙهȷȉɍȯن٪ؙهƣƇƫؙه٪ȉȯ٪نȷȬǛƤɬه٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪نɅƇȷɅƲȯȷؘه٪UǾ٪
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addition, participants who immediately removed the strip because of its “foul” taste 

ȉȯ٪ȷǕȉɦƲƫ٪ȉɅǕƲȯ٪ȷǛǍǾȷ٪ȉǌ٪ɅƇȷɅƲ٪ȯƲǬƲƤɅǛȉǾ٪ɦƲȯƲ٪ƤǳƇȷȷǛ˚Ʋƫ٪Ƈȷ٪نɅƇȷɅƲȯȷه٪Ƈȷ٪ɦƲǳǳ٪38.

Subjective smell, taste, and appetite

¤ƇȯɅǛƤǛȬƇǾɅȷ٪ȯƇɅƲƫ٪ɅǕƲǛȯ٪ȷǼƲǳǳؙ٪ɅƇȷɅƲؙ٪ƇǾƫ٪ƇȬȬƲɅǛɅƲ٪ȉǾ٪Ƈ٪ع׃ȬȉǛǾɅ٪jǛǯƲȯɅ٪ȷƤƇǳƲ٪ن٪ֿحɥƲȯɬ٪

bad” to 5 “very good”. In addition, participants were asked whether their smell, taste, 

ƇǾƫ٪ƇȬȬƲɅǛɅƲ٪ǕƇƫ٪ƤǕƇǾǍƲƫ٪حɬƲȷإǾȉخ٪ȷǛǾƤƲ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪§ƲǍƇȯƫǛǾǍ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲؙ٪

follow-up questions included specifying whether taste and smell changed in terms 

of intensity and/or quality.

Related factors

Patient characteristics

Patient characteristics were derived from medical records and included: age, sex, 

diagnosis, and treatment protocol.

Treatment intensity

Treatment intensity was rated by MB and WT using the Intensity of Treatment Rating 

ȷƤƇǳƲ٪حU½§ؙخׁع٪Ƈ٪ȬȷɬƤǕȉǼƲɅȯǛƤƇǳǳɬ٪ɥƇǳǛƫ٪ƤǳƇȷȷǛ˚ƤƇɅǛȉǾ٪ȉǌ٪ȬƲƫǛƇɅȯǛƤ٪ƤƇǾƤƲȯ٪ɅȯƲƇɅǼƲǾɅؙ٪ǛǾɅȉ٪

one of four levels ranging from 1 “minimally invasive” to 4 “most invasive” 39.

Chemotherapeutic agents and corticosteroids

For each child, the actual given cumulative dose of chemotherapy and 

ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪ɦƇȷ٪ƤƇǳƤɍǳƇɅƲƫ٪حǼǍإǼ2خ٪ǌȉȯ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅؘ٪GǛɥƲǾ٪ɅǕƲ٪ǳƇȯǍƲ٪ǾɍǼƣƲȯ٪

of chemotherapeutic agents and variability in the distribution of cumulative doses 

in our population, the eight most frequently prescribed agents in the last month 

ƣƲǌȉȯƲ٪ȉɍȯ٪ȷɅɍƫɬ٪ǼƲƇȷɍȯƲǼƲǾɅ٪حǛؘƲؘؙ٪ɥǛǾƤȯǛȷɅǛǾƲؙ٪ƫȉɫȉȯɍƣǛƤǛǾؙ٪ƤɬƤǳȉȬǕȉȷȬǕƇǼǛƫƲؙ٪

ǼƲɅǕȉɅȯƲɫƇɅƲؙ٪ƤɬɅƇȯƇƣǛǾƲؙ٪ƲɅȉȬȉȷǛƫƲؙ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲؙ٪ƇȷȬƇȯƇǍǛǾƇȷƲخ٪ɦƲȯƲ٪ɍȷƲƫ٪Ƈȷ٪

Ƈ٪ƣǛǾƇȯɬ٪ɥƇȯǛƇƣǳƲ٪حɬƲȷإǾȉخ٪ǌȉȯ٪ƇǾƇǳɬȷǛȷؘ

Statistical analysis

%ƲȷƤȯǛȬɅǛɥƲ٪ȷɅƇɅǛȷɅǛƤȷ٪ƇȯƲ٪ȬȯƲȷƲǾɅƲƫ٪Ƈȷ٪ǼƲƇǾ٪ɦǛɅǕ٪ȷɅƇǾƫƇȯƫ٪ƫƲɥǛƇɅǛȉǾ٪ؙخ%¯ح٪ǼƲƫǛƇǾ٪

ɦǛɅǕ٪ǛǾɅƲȯȮɍƇȯɅǛǳƲ٪ȯƇǾǍƲ٪حU¦§خ٪ȉȯ٪ǾɍǼƣƲȯ٪ȉǌ٪ȬƇȯɅǛƤǛȬƇǾɅȷ٪حvخ٪ɦǛɅǕ٪ȬƲȯƤƲǾɅƇǍƲ٪ؘخڤح٪%ɍƲ٪

to the presence of repeated measurements, linear mixed models for longitudinal 

ƫƇɅƇ٪ɦƲȯƲ٪ƲȷɅǛǼƇɅƲƫ٪ Ʌȉ٪ ǛǾɥƲȷɅǛǍƇɅƲ٪ ɅǕƲ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ȉǌ٪ ȷǼƲǳǳ٪ ٪ƇǾƫ٪خ§U%ؙ٪½Oح ɅƇȷɅƲ٪

٪ɦǛɅǕ٪ƇǍƲؙ٪ȷƲɫؙ٪ǛǾɅƲǾȷǛɅɬ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪ȯƇɅǛǾǍؙ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ƇǍƲǾɅȷ٪خɅȉɅƇǳ٪ȷƤȉȯƲح

٪Ǿؙ٪ȉǾǳɬ٪ǌȉȯ٪ǼȉƫƲǳإɬح٪ƇǾƫ٪¤§�¤٪ɅƇȷɅƲȯ٪ȷɅƇɅɍȷ٪ؙخǾإɬح٪ǾƇɍȷƲƇ٪ؙخǾإɬح٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪ؙخǾإɬح
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ǛǾƤǳɍƫǛǾǍ٪ ɅƇȷɅƲخ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ ɅȯƲƇɅǼƲǾɅ٪ ٪ؘخ׀ع־½ح jǛǾƲƇȯ٪ǼǛɫƲƫ٪ǼȉƫƲǳȷ٪ɦƲȯƲ٪Ƈǳȷȉ٪

estimated for sweet, sour, salty, and bitter taste to study whether the individual taste 

ȮɍƇǳǛɅǛƲȷ٪ƤǕƇǾǍƲ٪ȉɥƲȯ٪ɅǛǼƲ٪ؙخ׀ع־½ح٪ƣɍɅ٪ɦǛɅǕȉɍɅ٪ƇǾɬ٪ȉɅǕƲȯ٪ƤȉɥƇȯǛƇɅƲȷؘ٪�Ǿ٪ƇɍɅȉȯƲǍȯƲȷȷǛɥƲ٪

ȉȯƫƲȯ٪ֿ٪خֿ§�ح٪ƤȉɥƇȯǛƇǾƤƲ٪ȷɅȯɍƤɅɍȯƲ٪ɦƇȷ٪ɍȷƲƫؘ

ÝǛǳƤȉɫȉǾ٪ȷǛǍǾƲƫ٪ ȯƇǾǯ٪ ɅƲȷɅȷ٪ɦƲȯƲ٪ɍȷƲƫ٪ Ʌȉؚ٪ ٪خֿ ƤȉǼȬƇȯƲ٪ȷǼƲǳǳ٪ ٪ǛؘƲؘؙح ½O§خ٪ƇǾƫ٪ ɅƇȷɅƲ٪

ǌɍǾƤɅǛȉǾ٪حǛؘƲؘؙ٪ɅȉɅƇǳ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ȷƤȉȯƲȷخ٪ƇɅ٪ȷɅɍƫɬ٪ɥǛȷǛɅ٪½ֿ�٪Ʌȉ٪ȬƇɅǛƲǾɅȷى٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪

ƇɅ٪½ֿخ׀٪؛٪ƤȉǼȬƇȯƲ٪½O§ؙ٪U%ؙ٪ƇǾƫ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ȷƤȉȯƲȷ٪حǛؘƲؘؙ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪

ɅȉɅƇǳ٪ȷƤȉȯƲȷخ٪ȉǌ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪�jj٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪حǳƇȷɅ٪ɅǛǼƲ٪ȬȉǛǾɅؙ٪ɍȷɍƇǳǳɬ٪½خ׀٪Ʌȉ٪

ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪؛خׁ½ح٪ƇǾƫ٪ׁخ٪ƤȉǼȬƇȯƲ٪½O§ؙ٪U%ؙ٪ƇǾƫ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ȷƤȉȯƲȷ٪حǛؘƲؘؙ٪ȷɦƲƲɅؙ٪

ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƣǛɅɅƲȯؙ٪ƇǾƫ٪ɅȉɅƇǳ٪ȷƤȉȯƲȷخ٪ȉǌ٪Ƈǳǳ٪ȉɅǕƲȯ٪ȬƇɅǛƲǾɅȷ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪حǳƇȷɅ٪ɅǛǼƲ٪

ȬȉǛǾɅؙ٪ɍȷɍƇǳǳɬ٪½خ׀٪Ʌȉ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪ؘخׁ½ح

�Ʌ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅ٪ؙخׁع־½ح٪ɦƲ٪ƤȉǾƫɍƤɅƲƫ٪ȷƲȬƇȯƇɅƲ٪ƣǛǾȉǼǛƇǳ٪ɅƲȷɅȷ٪Ʌȉ٪ƇȷȷƲȷȷ٪ɦǕƲɅǕƲȯ٪

the proportion of children showing normal chemosensory function deviated from 

ɅǕƲ٪ƲɫȬƲƤɅƲƫ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪خڤ־׆ړح٪ǌȉȯ٪ɅǕƲ٪½O§٪ƇǾƫ٪U%٪ȷǼƲǳǳ٪ɅƲȷɅȷ٪Ƈȷ٪ɦƲǳǳ٪Ƈȷ٪ɅǕƲ٪

total Taste Strips score. Bonferroni correction was applied to account for multiple 

ƤȉǼȬƇȯǛȷȉǾȷؘ٪ ÝƲ٪ Ƈǳȷȉ٪ ƇǾƇǳɬɶƲƫ٪ ƫǛǌǌƲȯƲǾƤƲȷ٪ ǛǾ٪ ƤǕƲǼȉȷƲǾȷȉȯɬ٪ ǌɍǾƤɅǛȉǾ٪ ٪ƣȉɅǕح

ǛǾƤȯƲƇȷƲƫ٪ƇǾƫ٪ƫƲƤȯƲƇȷƲƫخ٪ƇǼȉǾǍ٪ƫǛǌǌƲȯƲǾɅ٪ƫǛƇǍǾȉȷǛȷ٪ǍȯȉɍȬȷ٪ɦǕǛƤǕ٪ǛǾƤǳɍƫƲƫ٪�jjؙ٪

lymphoma, myeloid malignancies, and solid tumors. Brain tumors were excluded 

from this analysis due to the small sample. All statistical analysis was performed with 

U�t٪¯¤¯¯٪¯ɅƇɅǛȷɅǛƤȷ٪حɥƲȯȷǛȉǾ٪ڤ׃٪�٪ؘخ־ؘׄ׀٪ƇǳȬǕƇ٪ǳƲɥƲǳ٪ɦƇȷ٪ɍȷƲƫؘ

RESULTS

Patient characteristics

A total of 96 patients were included in this study. Two participants left the study 

before any data was collected and therefore, results are described for 94 children 

ƫǛƇǍǾȉȷƲƫ٪ɦǛɅǕ٪Ƈ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ؙخڤ׃ׂؘׅح٪ȷȉǳǛƫ٪ؙخڤֿׁؘ׀ح٪ȉȯ٪ƣȯƇǛǾ٪خڤׁׂؘح٪ǼƇǳǛǍǾƇǾƤɬ٪

٪ɦƲȯƲ٪ǍǛȯǳȷؘ٪%ɍȯǛǾǍ٪ɅǕƲ٪ȷɅɍƫɬ٪ڤֿֿؘ׃٪ƇǾƫ٪خֿׅ٪ػ٪ׄ٪ȯƇǾǍƲح٪ɬƲƇȯȷ٪׀ֿ٪tƲƫǛƇǾ٪ƇǍƲ٪ɦƇȷ٪ؘخֿ٪ƇƣǳƲ½ح

ȬƲȯǛȉƫؙ٪׆٪ǼȉȯƲ٪ȬƇɅǛƲǾɅȷ٪ǳƲǌɅ٪ɅǕƲ٪ȷɅɍƫɬ٪ƣƲƤƇɍȷƲ٪ɅǕƲɬ٪ƫǛƲƫ٪حn خ׃٪ڏ٪ȉȯ٪ƲɫȬƲȯǛƲǾƤƲƫ٪Ʌȉȉ٪

ǼɍƤǕ٪ƣɍȯƫƲǾ٪حn خׁ٪ڏ٪ƣɍɅ٪ƫƇɅƇ٪ƤȉǳǳƲƤɅƲƫ٪ɍȬ٪Ʌȉ٪ɅǕƇɅ٪ǼȉǼƲǾɅ٪Ƥȉɍǳƫ٪ƣƲ٪ɍȷƲƫؘ

6
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Smell function

Longitudinal evaluation of smell function

FǛǍɍȯƲ٪ ֿ�٪ȷǕȉɦȷ٪½O§٪ȷƤȉȯƲȷ٪ƇɅ٪ ɅǕƲ٪ ǌȉɍȯ٪ǼƇǛǾ٪ȷɅɍƫɬ٪ɥǛȷǛɅȷ٪ ٪ɅƲȯǼؙع�Ǿ٪ȷǕȉȯɅ٪ؘخׁع־½ح

½O§٪ȷƤȉȯƲȷ٪ƫǛƫ٪ǾȉɅ٪ƤǕƇǾǍƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƣƲɅɦƲƲǾ٪½ֿ٪حǼƲƫǛƇǾ٪ֿ؛־ؘ־٪ U¦§٪خ־ؘ׀ֿ٪ػ٪־ؘ׆٪

ƇǾƫ٪½ֿ�٪ ٪ǼƲƫǛƇǾح ٪؛׃ֿֿؘ U¦§٪ػ٪־ؘ׆٪ ٪خ׃ؘ׀ֿ ٪FǛǍɍȯƲح ֿ�٪ɍȯǛǾǍ٪ƇƤɅǛɥƲ%٪ؘخ ɅȯƲƇɅǼƲǾɅ٪ ٪ؙخ׀ع־½ح

THR scores also did not change and none of the covariates nor chemotherapeutic 

agents were associated with odor threshold. However, THR scores of children with 

�jj٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǳȉɦƲȯ٪ƫɍȯǛǾǍ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪خׁ½ح٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ɅǕƲ٪ǳƇȷɅ٪

ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪؛׀½ح٪ȷƲƲ٪FǛǍɍȯƲ٪ֿ�ؙ٪p٪ؙخ׀ֿ־ؘ־٪ڏ٪ɦǕǛƤǕ٪ɦƇȷ٪ǾȉɅ٪ɅǕƲ٪

ƤƇȷƲ٪ǌȉȯ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ȉɅǕƲȯ٪ƫǛƇǍǾȉȷƲȷ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪حFǛǍɍȯƲ٪ֿ%ؘخ

Table 1. ¤ƇɅǛƲǾɅ٪ƤǕƇȯƇƤɅƲȯǛȷɅǛƤȷ٪حn خׇׂ٪ڏ

Sexؙ٪ǍǛȯǳ٪حǾؙ٪خڤ خֿֿؘ׃ح٪׆ׂ

Age٪حǼƲƫǛƇǾؙ٪ȯƇǾǍƲخ خֿׅ٪ػ٪ׄح٪׀ֿ

Diagnosis
  Hematological malignancy (n, %)
    Acute lymphoblastic leukemia
    Myeloid malignancies
    Malignant lymphoma
  Solid tumors (n, %)
    Bone tumor
    Neuroblastoma
    Soft tissue tumor
    Other solid tumors
  Brain tumors (n, %)

70 (74.5)
خ׀ׁؘׄح٪ׁׂ
خֿֿؘׅح٪ֿֿ
خؘׄׄ׀ح٪׃׀
20 (21.3)
خֿֿؘׅح٪ֿֿ
خֿؘ׀ح٪׀
خ׀ׁؘح٪ׁ
خׁׂؘح٪ׂ
4 (4.3)

Intensity of Treatment Rating حǾؙ٪خڤ
    Moderate intensive
    Very intensive
    Most intensive

ׂح٪׃ׂ خׇؘׅ
خؘׄ׀ׂح٪־ׂ
خׇؘׄح٪ׇ

Chemotherapeutic agents حǾؙ٪خڤ
    Vincristine
    Doxorubicin
    Cyclophosphamide
    Methotrexate
    Cytarabine
    Etoposide
    Mercaptopurine
    Asparaginase

خֿׁؘׅح٪ׅׄ
خ׃ؘ׆׃ح٪׃׃
خ׃ؘ׆׃ح٪׃׃
خ׃ؘ׆׃ح٪׃׃
خׁׂؘ׃ح٪ֿ׃
خׁؘ׆ׁح٪ׁׄ
ׁح٪׃ׁ خ׀ؘׅ
ׁح٪׃ׁ خ׀ؘׅ

Corticosteroids حǾؙ٪خڤ خֿؘ׃׆ح٪־׆
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Figure 1. �ƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪ȷƤȉȯƲȷ٪ƫɍȯǛǾǍ٪ɅǕƲ٪ȷɅɍƫɬ٪ȬƲȯǛȉƫ٪حƇؙخ٪ǌȉȯ٪½ֿ٪ƇǾƫ٪½ֿ�٪ȷȬƲƤǛ˚ƤƇǳǳɬ٪حƣؙخ٪ȷƲȬƇȯƇɅƲƫ٪
ǌȉȯ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾƫ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jj٪حƤؙ٪n = 29, 
p٪ؙخ׀ֿ־ؘ־٪ڏ٪ƇǾƫ٪ǌȉȯ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪
ǌȉȯ٪Ƈǳǳ٪ȉɅǕƲȯ٪ȬƇɅǛƲǾɅȷ٪حƫؙ٪n٪ؘخׂׅ٪ڏ

Figure 2A shows ID scores over time, which did not change during active treatment 

٪ȉȯ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪خ�׀٪FǛǍɍȯƲ٪؛ׁ½ح٪ȉȯ٪ƫɍȯǛǾǍ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪خ׀ع־½ح

٪ƇǾƫ٪ؙخֿ־־ؘ־٪> p٪ؙ־ؘ־٪ڏ٪-¯٪ؙ׀ؘ־٪ڏ٪�ح٪ƇǍƲ٪ؙخֿ־־ؘ־٪> p٪ؙ׀ؘ־٪ڏ٪-¯٪ؙ־ֿؘع٪ڏ٪�ح٪Ʋɫ¯٪ؘخ�׀٪FǛǍɍȯƲح

ȯƲƤƲǛɥǛǾǍ٪ɥǛǾƤȯǛȷɅǛǾƲ٪ǛǾ٪ɅǕƲ٪ȬƇȷɅ٪ǼȉǾɅǕ٪ح�٪ɦƲȯƲ٪ƇȷȷȉƤǛƇɅƲƫ٪خ׀ֿ־ؘ־٪ڏ٪p٪ؙ׀ؘ־٪-¯٪ؙ׃ؘ־ع٪

with ID scores.

Smell dysfunction according to normative values

Table 2 shows the percentage of decreased, normal, and increased smell function 

ƫɍȯǛǾǍ٪ƇǾƫ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪ؘخׁع־½ح٪�Ʌ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅؙ٪ɅǕƲ٪ȬȯȉȬȉȯɅǛȉǾ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪

ȷǕȉɦǛǾǍ٪ǾȉȯǼƇǳ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪حǛؘƲؘؙ٪½O§٪ȷƤȉȯƲȷخ٪ɦƇȷ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƫǛǌǌƲȯƲǾɅ٪ǌȯȉǼ٪

expected based on normative values. However, when using cut-off values of the ID 

test, a normal ability to identify odors ranged between 53.8% and 64%, which was 

ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǳȉɦƲȯ٪ɅǕƇǾ٪ƲɫȬƲƤɅƲƫ٪ƣƇȷƲƫ٪ȉǾ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷؘ

6
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Figure 2. �ƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȷƤȉȯƲȷ٪ƫɍȯǛǾǍ٪ɅǕƲ٪ȷɅɍƫɬ٪ȬƲȯǛȉƫ٪حƇؙخ٪ȷƲȬƇȯƇɅƲƫ٪ǌȉȯ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪
ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾƫ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jj٪حƣؙ٪n٪ؙخׇ׀٪ڏ٪ƇǾƫ٪ǌȉȯ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇ-
ȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪ǌȉȯ٪Ƈǳǳ٪ȉɅǕƲȯ٪ȬƇɅǛƲǾɅȷ٪حƤؙ٪n٪ؘخ־ׂ٪ڏ

When focusing on various diagnoses, we observed that an increased smell sensitivity 

٪Ǜȷ٪ǼȉȷɅ٪ƤȉǼǼȉǾ٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪خ׀ع־½ح٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪خǛؘƲؘؙ٪½O§٪ȷƤȉȯƲȷح

ǳɬǼȬǕȉǼƇ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪׃٪Ʌȉ٪ׄخڤ־٪ƇǾƫ٪ǼɬƲǳȉǛƫ٪ǼƇǳǛǍǾƇǾƤǛƲȷ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪־٪Ʌȉ٪

٪UǾ٪ƤȉǾɅȯƇȷɅؙ٪Ƈ٪ƫƲƤȯƲƇȷƲƫ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ɦƇȷ٪ȯƇȯƲǳɬ٪ȉƣȷƲȯɥƲƫ٪ƇǼȉǾǍ٪ƫǛƇǍǾȉȷƲȷ٪ؘخڤ־ׂ

٪�Ǿ٪ǛǾƤȯƲƇȷƲƫ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪ɦƇȷ٪ǼȉȷɅ٪ƤȉǼǼȉǾ٪ؘخڤ׃ֿֿؘ٪Ʌȉ٪־٪ȯƇǾǍǛǾǍ٪ǌȯȉǼح

ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ǼƇǳǛǍǾƇǾƤǛƲȷ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ؙخ׀ع־½ح٪

ȬƇȯɅǛƤɍǳƇȯǳɬ٪ƇǼȉǾǍ٪ɅǕȉȷƲ٪ɦǛɅǕ٪ǳɬǼȬǕȉǼƇ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪־׀٪Ʌȉ٪ֿׂؘׅخڤ٪ƇǾƫ٪ǼɬƲǳȉǛƫ٪

ǼƇǳǛǍǾƇǾƤǛƲȷ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ֿ׀ؘ׆٪Ʌȉ٪ׂؘخڤ־٪�٪ƫƲƤȯƲƇȷƲƫ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪ɦƇȷ٪

ǼȉȯƲ٪ƤȉǼǼȉǾ٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jj٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ׇ ׂؘ٪Ʌȉ٪ׁ ٪ƇǾƫ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷ٪خڤ׃ׂؘ

ؘخڤؘׅׄ׀٪Ʌȉ٪־٪ȯƇǾǍǛǾǍ٪ǌȯȉǼح

Self-reported smell changes

Self-reported changes in smell function ranged between 26.3% and 52.5% during active 

ɅȯƲƇɅǼƲǾɅ٪ح٪خ׀ع־½ح½ƇƣǳƲ٪ؘخ׀٪�ƤƤȉȯƫǛǾǍ٪Ʌȉ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷؙ٪ɅǕǛȷ٪ƤǕƇǾǍƲ٪ɦƇȷ٪ǼƇǛǾǳɬ٪ƫƲȷƤȯǛƣƲƫ٪

Ƈȷ٪ƇǾ٪ǛǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪حȯƇǾǍƲ٪ׁؘׄׄ٪ؘׅׄ׆٪ػ ٪ȯƇǾǍƲح٪Ʌȉ٪ȉƫȉȯȷ٪ȯƇɅǕƲȯ٪ɅǕƇǾ٪Ƈ٪ƫƲƤȯƲƇȷƲ٪خڤ

ֿ٪ػ٪־ ٪ǛؘƲؘؙ٪ƫƲƤȯƲƇȷƲƫح٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅؘ٪�ǌ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƇƣǾȉȯǼƇǳ٪ȷǼƲǳǳ٪ȷƤȉȯƲȷ٪خڤ־ׇؘ
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ȉȯ٪ǛǾƤȯƲƇȷƲƫخ٪ƇƤƤȉȯƫǛǾǍ٪Ʌȉ٪ɅǕƲ٪½O§٪ƇǾƫ٪U%٪ɅƲȷɅؙ٪Ƈ٪ǼǛǾȉȯǛɅɬ٪ȯƲȬȉȯɅƲƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ƇɅ٪

ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅ٪ح½O§ؚ٪ȯƇǾǍƲ٪؛خڤ־ؘ־ׄ٪ػ٪־ؘ׃׀٪U%ؚ٪ȯƇǾǍƲ٪ؘخڤׇؘ׀ׂ٪ػ٪׀ׇؘ׀

Table 2. Percentage of smell dysfunction according to validated tests vs self-reported smell changes.

T0 T1 T1A T2 T3a T3b

Odor threshold (THR score)

%ƲƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪Ʌȉ٪ȉƫȉȯȷ٪حǾؙ٪خڤ
vȉȯǼƇǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪Ʌȉ٪ȉƫȉȯȷ٪حǾؙ٪خڤ
UǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪Ʌȉ٪ȉƫȉȯȷ٪حǾؙ٪خڤ

خ׀ؘׄح٪׃
خ׀ؘ׃׆ح٪ׇׄ
خؘׄ׆ح٪ׅ

خׇؘׄح٪׃
خ׀ׇؘׅح٪ׅ׃
خׇֿׁؘح٪־ֿ

خ׆ؘ׀ح٪ֿ
خֿؘׄ׆ح٪ֿׁ
خֿֿֿؘح٪ׂ

خ׆ׁؘح٪׀
خׇׂؘ׆ح٪׃ׂ
خֿֿׁؘح٪ׄ

خׂؘׄح٪׀
خׇׁؘ׆ح٪ׄ׀
خׇؘׅح٪ׁ

خֿؘׄح٪ׁ
خؘׅ׃׆ح٪׀ׂ
خ׀ؘ׆ح٪ׂ

�ƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪حU%٪ȷƤȉȯƲخ

%ƲƤȯƲƇȷƲƫ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪حǾؙ٪خڤ
vȉȯǼƇǳ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪حǾؙ٪خڤ
UǾƤȯƲƇȷƲƫ٪ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪حǾؙ٪خڤ

خֿؘ־ֿح٪ׇ
خֿׂؘׄح٪ׅ׃
خ׆ؘ׃׀ح٪ׁ׀

خ־ؘ׆ֿح٪ֿׂ
خ׆ׁؘ׃ح٪׀ׂ
خ׀ؘ׆׀ح٪׀׀

-
-
-

خֿׂؘ׀ح٪׀ֿ
خׂؘ׃׃ح٪ֿׁ
خ׀ׁؘ׀ح٪ֿׁ

خؘׄ׀׀ح٪ׅ
خ׆ׂؘ׃ح٪ֿׅ
خؘׄ׀׀ح٪ׅ

خֿׁؘׄح٪׆
خׁׁؘׄح٪ֿׁ
خׂؘ־׀ح٪־ֿ

Self-reported changes in smell

¯ǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ɬإǾ٪حǾؙ٪خڤ
٪ خڤ٪Ǿؙح٪ƲƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ%٪ب
٪ خڤ٪Ǿؙح٪UǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ب
٪ �٪بǕƇǾǍƲȷ٪ǛǾ٪ȮɍƇǳǛɅɬ٪حǾؙ٪خڤ

خׇؘׅ׀ح٪ׅ׀
ح٪׀ خׂؘׅ
ׅح٪ֿ׀ خ׆ؘׅ
خׇؘׄ׀ح٪׆

خ־ؘ׆ׁح٪־ׁ
خ־ؘ־ֿح٪ׁ
خ־ؘ־ׅح٪ֿ׀
خؘׅׄ׀ح٪׆

خ׃ؘ׀׃ح٪ֿ׀
خ־ׇֿؘح٪ׂ
خֿׂؘׅح٪׃ֿ
خ׆ׁؘ׀ح٪׃

خׁؘׄ׀ح٪׃ֿ
خ־ؘ־ح٪־
خؘׅׄ׆ح٪ֿׁ
خؘׅׄ׀ح٪ׂ

خׁׂׂؘح٪ֿֿ
خׇֿؘح٪ֿ
خׁؘׄׄح٪ׅ
خׁׂؘׄح٪ׂ

خ־ؘ׀׀ح٪ֿֿ
׀ح٪ׁ خׁؘׅ
خ׃ؘ׃ׂح٪׃
خ׃ؘ׃ׂح٪׃

a ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ح�jjؙخ٪n = 32
b 3 months after treatment, n = 50

Taste function

Longitudinal evaluation of taste function

Figure 3A shows total taste scores at the four main study visits. Between T1 and T1A, 

ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ƫǛƫ٪ǾȉɅ٪ƤǕƇǾǍƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ɦǛɅǕ٪ǼƲƫǛƇǾ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪ƣƲǛǾǍ٪ֿֿؘ־٪

٪ɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ%٪ؘخ�ׁ٪FǛǍɍȯƲح٪�ֿ½٪ƇɅ٪خ־ֿׂؘ٪ػ٪־ؘ׆٪§¦Uح٪׃ؘ׀ֿ٪ƇɅ٪½ֿ٪ƇǾƫ٪خ־ֿׂؘ٪ػ٪־ׇؘ٪§¦Uح

٪ؙخ׀ع־½ح ɅƇȷɅƲ٪ ȷƤȉȯƲȷ٪ƫǛƫ٪ǾȉɅ٪ƤǕƇǾǍƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬؘ٪¯Ʋɫ٪ ٪p٪ׂؘؙ־٪ڏ٪-¯٪ؙ׆ֿؘع٪ڏ٪�ح ٪خֿ־־ؘ־ڒ

ƇǾƫ٪¤§�¤٪ɅƇȷɅƲȯ٪ȷɅƇɅɍȷ٪ح�٪ɦƇȷ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇȷȷȉƤǛƇɅƲƫ٪Ʌȉ٪خ־ׂ־ؘ־٪ڏ٪p٪ׂؘؙ־٪ڏ٪-¯٪ׇؘؙ־٪ڏ٪

ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪tȉȯƲȉɥƲȯؙ٪ƇƫǼǛǾǛȷɅȯƇɅǛȉǾ٪ȉǌ٪ƲɅȉȬȉȷǛƫƲ٪ح�٪ؙخ׃ׁ־ؘ־٪ڏ٪p٪ؙ׃ؘ־٪ڏ٪-¯٪ؙ־ֿؘع٪ڏ٪

ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪ح�٪ׂؘؙ־٪ڏ٪-¯٪ؙ־ֿؘع٪ڏ٪�ح٪ƇǾƫ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲ٪ؙخֿ־־ؘ־٪ڏ٪p٪ׁؘؙ־٪ڏ٪-¯٪ֿֿؘؙ٪ڏ٪

p٪خֿ׀־ؘ־٪ڏ٪ǛǾ٪ɅǕƲ٪ȬƇȷɅ٪ǼȉǾɅǕ٪ǕƇȷ٪ƣƲƲǾ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ɅȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷؘ٪½ȉɅƇǳ٪ɅƇȷɅƲ٪

ȷƤȉȯƲȷ٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǕǛǍǕƲȯ٪ƇɅ٪½ׁ٪حǛؘƲؘؙ٪ƫɍȯǛǾǍ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪حFǛǍɍȯƲ٪ׁ�ؙ٪

p٪ؙخׁ׀־ؘ־٪ڏ٪ȉȯ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪حFǛǍɍȯƲ٪ׁ%ؙ٪p٪خخ׃־־ؘ־٪ڏ٪ȯƲǳƇɅǛɥƲ٪Ʌȉ٪½ؘ׀

�ǳȷȉؙ٪ȷɦƲƲɅؙ٪ȷȉɍȯؙ٪ȷƇǳɅɬؙ٪ƇǾƫ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪ƫǛƫ٪ǾȉɅ٪ƤǕƇǾǍƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪

ɅȯƲƇɅǼƲǾɅ٪ ٪ɦƲƲɅ¯٪ؘخ׀ع־½ح ٪ƇǾƫ٪ƣǛɅɅƲȯ٪خֿׄ־ؘ־٪ڏ٪pح ɅƇȷɅƲ٪ ٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪خׄ׀־ؘ־٪ڏ٪pح

higher at T3 after treatment relative to T2, which was not the case for children with 

6
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ALL during maintenance phase. A comparison of the individual taste qualities can 

be found in Supplementary Figure 1.

Figure 3. ½ȉɅƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪ƫɍȯǛǾǍ٪ɅǕƲ٪ȷɅɍƫɬ٪ȬƲȯǛȉƫ٪حƇؙخ٪ǌȉȯ٪½ֿ٪ƇǾƫ٪½ֿ�٪ȷȬƲƤǛ˚ƤƇǳǳɬ٪حƣؙخ٪ȷƲȬƇȯƇɅƲƫ٪ǌȉȯ٪
ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾƫ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jj٪حƤؙ٪n = 31, 
p٪ؙخׁ׀־ؘ־٪ڏ٪ƇǾƫ٪ǌȉȯ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ǛǾ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪
ǌȉȯ٪Ƈǳǳ٪ȉɅǕƲȯ٪ȬƇɅǛƲǾɅȷ٪حƫؙ٪n = 47, p٪ؘخ׃־־ؘ־٪ڏ

Taste dysfunction according to normative values

Table 3 shows taste abnormalities according to age – and sex-related normative 

ɥƇǳɍƲȷؘ٪�Ʌ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ؙخ׀ع־½ح٪ɅǕƲ٪ȬȯȉȬȉȯɅǛȉǾ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪

ȷǕȉɦǛǾǍ٪ǾȉȯǼƇǳ٪ ɅƇȷɅƲ٪ ǌɍǾƤɅǛȉǾ٪ɦƇȷ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ ǳȉɦƲȯ٪ ɅǕƇǾ٪ƲɫȬƲƤɅƲƫ٪ƣƇȷƲƫ٪ȉǾ٪

normative values. No disproportionately large occurrence of abnormal taste function 

ɦƇȷ٪ǌȉɍǾƫ٪ƇɅ٪½ׁؙ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪ȉȯ٪ƫɍȯǛǾǍ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪حǌȉȯ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪

�jjؘخ٪%ɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ؙخ׀ع־½ح٪ƇǾ٪ǛǾƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ɦƇȷ٪ǾȉɅ٪ȷƲƲǾ٪ǛǾ٪

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷؙ٪ƣɍɅ٪ȬƇȯɅǛƤɍǳƇȯǳɬ٪ȬȯƲȷƲǾɅ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jj٪حȯƇǾǍǛǾǍ٪

ǌȯȉǼ٪ֿؘׅׄ٪Ʌȉ٪ؙخڤ׀ׂؘ׀٪ǳɬǼȬǕȉǼƇ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ׂؘ׀٪Ʌȉ٪ׂخڤ־٪ƇǾƫ٪ǼɬƲǳȉǛƫ٪ǼƇǳǛǍǾƇǾƤǛƲȷ٪

٪UǾ٪ƤȉǾɅȯƇȷɅؙ٪ɅƇȷɅƲ٪ǳȉȷȷ٪ɦƇȷ٪Ƈǳȷȉ٪ǌȯƲȮɍƲǾɅǳɬ٪ȬȯƲȷƲǾɅ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ؘخڤ־ׄ٪Ʌȉ٪־٪ȯƇǾǍǛǾǍ٪ǌȯȉǼح

ɦǛɅǕ٪ǳɬǼȬǕȉǼƇ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪ׁ ֿ٪ȯƇǾǍǛǾǍ٪ǌȯȉǼح٪ƇǾƫ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷ٪خڤֿׂؘׅ٪Ʌȉ٪׃ؘׅ ؘׅׄ٪Ʌȉ٪

ׁ ȷȬƲƤǛ˚ƤƇǳǳɬؘ٪خڤ׃ؘׅ
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Table 3. Percentage of taste dysfunction according to validated test vs self-reported taste changes

T0 T1 T1A T2 T3a T3b

Total taste score

%ƲƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪ȬƲȯƤƲȬɅǛȉǾ٪حǾؙ٪خڤ
vȉȯǼƇǳ٪ɅƇȷɅƲ٪ȬƲȯƤƲȬɅǛȉǾ٪حǾؙ٪خڤ
UǾƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪ȬƲȯƤƲȬɅǛȉǾ٪حǾؙ٪خڤ

خֿؘׄ׀ح٪ׇֿ
خ׀ؘ׆ׄح٪־ׄ
خ׀ؘ־ֿح٪ׇ

خׁׂؘ׀ح٪׆ֿ
خׇׂؘׄح٪־׃
خֿֿؘׅح٪ׇ

خׁؘׄ׀ح٪־ֿ
خ׃ؘ־ׄح٪ׁ׀
خ׀ֿׁؘح٪׃

خ־ؘ־׀ح٪ֿֿ
خ׆ֿؘׄح٪ׁׂ
خ׀ؘ׆ֿح٪־ֿ

خ׀ׁؘح٪ֿ
خؘׅ־׆ح٪׃׀
خֿֿؘׄح٪׃

خ׃ؘ׀ֿح٪ׄ
خ׆ؘ־ׅح٪ׁׂ
خֿؘׅׄح٪׆

Self-reported changes in taste

½ƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ɬإǾ٪حǾؙ٪خڤ
٪ خڤ٪Ǿؙح٪ƲƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ%٪ب
٪ خڤ٪Ǿؙح٪UǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ب
٪ �٪بǕƇǾǍƲȷ٪ǛǾ٪ȮɍƇǳǛɅɬ٪حǾؙ٪خڤ

خ׆ؘ׃ׅح٪ׇׄ
خׂؘׄ׀ح٪ֿׅ
خֿؘׅ׀ح٪׃ֿ
خؘׄׄׄح٪ׂׄ

خ׆ؘ׃ׄح٪׀׃
خֿֿؘ׀ح٪ֿֿ
خׇؘׄ׀ح٪ֿׂ
خׁׂؘׄح٪ׁׁ

خ־ؘ־׆ح٪׀ׁ
خ׃ؘ׀ֿح٪ׂ
خׇֿؘ׀ح٪ׅ
خׁؘׄ׃ح٪׆ֿ

خֿׂؘׄح٪׃ׁ
خؘׄ׆׀ح٪־ֿ
خׇؘ׀׀ح٪׆
׃ح٪־׀ خ׀ؘׅ

خ׃ؘ׀ׄح٪־׀
خ־ؘ־׀ح٪ׂ
خ־ؘ־׀ح٪ׂ
خ־ؘ־ׄح٪׀ֿ

خ־ؘ׆ׁح٪ׇֿ
خ׆ؘ׃ֿح٪ׁ
خֿׁؘׄح٪ׄ
خֿׁؘׄح٪׀ֿ

a ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ح�jjؙخ٪n = 32
b 3 months after treatment, n = 50

Self-reported taste changes

Self-reported taste changes ranged between 61.4% and 80.0% during active treatment 

٪ǕƲȷƲ٪ƤǕƇǾǍƲȷ٪ɦƲȯƲ½٪ؘخbׁ½٪ؙڤ־ؘ׆ׁح٪ƇǾƫ٪ɦƇȷ٪ǳȉɦƲȷɅ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪خ׀ع־½ح

described both as an increase or decrease, but much more often as tastes being very 

ƫǛǌǌƲȯƲǾɅ٪ǌȯȉǼ٪ƣƲǌȉȯƲ٪حǛǾ٪ɅƲȯǼȷ٪ȉǌ٪ȮɍƇǳǛɅɬ؛٪ȯƇǾǍǛǾǍ٪ǌȯȉǼ٪׃ ٪ǕƲ٪ȬƲȯƤƲǾɅƇǍƲ½٪ؘخڤؘׄׄׄ٪Ʌȉ٪׀ؘׅ

ȉǌ٪Ƈǳǳ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ƇƣǾȉȯǼƇǳ٪ɅƇȷɅƲ٪ȷƤȉȯƲȷ٪حǛؘƲؘؙ٪ǛǾƤȯƲƇȷƲƫ٪ȉȯ٪ƫƲƤȯƲƇȷƲƫ٪ƇƤƤȉȯƫǛǾǍ٪Ʌȉ٪

ȷƲǳǌعȯƲȬȉȯɅخ٪ȯƇǾǍƲƫ٪ǌȯȉǼ٪ׂ׃٪Ʌȉ٪ׅڤؘׄ׆٪ƇɅ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅؘ٪UǾɅƲȯƲȷɅǛǾǍǳɬؙ٪ƲɥƲǾ٪ƇǼȉǾǍ٪

patients with a normal taste perception according to normative values, more than 

ǕƇǳǌ٪ȯƲȬȉȯɅƲƫ٪ƲɫȬƲȯǛƲǾƤǛǾǍ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪حȯƇǾǍǛǾǍ٪ǌȯȉǼ٪׆ؘ־׃٪Ʌȉ٪ؘخڤؘׄ׀׆

DISCUSSION

½ǕǛȷ٪ȷɅɍƫɬ٪ȬȯǛǼƇȯǛǳɬ٪ƇǛǼƲƫ٪Ʌȉ٪ǍƇǛǾ٪ǛǾȷǛǍǕɅ٪ǛǾɅȉ٪ȬȉɅƲǾɅǛƇǳ٪ƤǕƇǾǍƲȷ٪ȉȯ٪˛ɍƤɅɍƇɅǛȉǾȷ٪ǛǾ٪

taste and smell function in children with cancer during and after chemotherapy. 

Objectively measured smell and taste function remained stable during active 

treatment. However, we observed a decrease in smell sensitivity among children with 

ALL during maintenance phase, which suggest better smell sensitivity during active 

treatment. In contrast, taste sensitivity was higher during maintenance phase and 

in all other children with cancer 3 months after their last chemotherapy, suggesting 

decreased taste function during active treatment. Furthermore, a fairly large number 

of children suffered from chemosensory distortions somewhere during treatment, 

which comprised either increased or decreased sensitivity.

6



124

Chapter 6

Changes in smell

Smell sensitivity of children with ALL was higher during active treatment compared 

to maintenance phase. Although a real baseline measurement before chemotherapy 

is lacking, this suggests an increased smell sensitivity during treatment, similarly to 

our previous results showing better smell sensitivity in children with cancer compared 

to healthy controls 25. In contrast, studies among adults undergoing chemotherapy 

ƫǛƫ٪ǾȉɅ٪˚Ǿƫ٪ƤǕƇǾǍƲȷ٪ ǛǾ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ȉȯ٪ȷǕȉɦƲƫ٪Ƈ٪ƫƲƤȯƲƇȷƲ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪

and an increase afterwards 40-42. According to normative values, an increased smell 

sensitivity was more prevalent than decreased sensitivity among children with cancer. 

Interestingly, this occurred mainly in children with hematological cancers, in particular 

lymphoma and myeloid malignancies. Together with increased smell sensitivity that 

children with ALL show during active treatment, this suggests a role for corticosteroids, 

which are particularly administered in hematological treatment regimens. Although 

ɦƲ٪ƫǛƫ٪ǾȉɅ٪˚Ǿƫ٪ƇǾ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ƣƲɅɦƲƲǾ٪ƤɍǼɍǳƇɅǛɥƲ٪ƫȉȷƲ٪ȉǌ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪ƇǾƫ٪ȷǼƲǳǳ٪

function, a study in dexamethasone-treated rats showed higher responsiveness to 

complex odorant mixtures 43. Moreover, it has been suggested that chemotherapy 

might induce a neuro-endocrine stress response to protect the body from danger, 

ƤȉǾȷƲȮɍƲǾɅǳɬ٪ ǳƲƇƫǛǾǍ٪ Ʌȉ٪ ɅǕƲ٪ ȯƲǳƲƇȷƲ٪ ȉǌ٪ ǍǳɍƤȉƤȉȯɅǛƤȉǛƫ٪ ǕȉȯǼȉǾƲȷ٪ ٪ƲؘǍؘؙح ƤȉȯɅǛȷȉǳخ٪

promoting a state of hypervigilance 44, 45. Olfactory performance can thus be sensitized 

either through stress-induced release of endogenous glucocorticoid hormones or 

administration of exogenous corticosteroids.

Building on this topic, some children indicated overall sensory sensitization, that 

is, being overly sensitive to tastes and smells but also to visual, auditory, and haptic 

stimuli. Several mothers of the included children recognized their child’s state of 

“hyperolfaction”, comparing it to their sense of smell during pregnancy. Although there 

is little evidence for increased smell sensitivity during pregnancy, pregnant women 

ƫȉ٪ȬƲȯƤƲǛɥƲ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ɅǕƲǛȯ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾؙ٪ȯƇɅǛǾǍ٪ȉƫȉȯȷ٪Ƈȷ٪ǼȉȯƲ٪ǛǾɅƲǾȷƲ٪ƇǾƫ٪˚ǾƫǛǾǍ٪

most odors less pleasant 46-49. It has been suggested that a heightened awareness 

to odors in pregnancy may lead to a perceived increment in smell sensitivity in the 

absence of increased sensory acuity, which may also occur in children with cancer 46, 50.

�ƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇƣǛǳǛɅɬ٪ƫǛƫ٪ǾȉɅ٪ƤǕƇǾǍƲ٪ƫɍȯǛǾǍ٪ƇǾƫ٪ƇǌɅƲȯ٪ɅȯƲƇɅǼƲǾɅ٪ɦǛɅǕ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪

Of course, we cannot rule out a learning effect, which is a well-known phenomenon 

when nonverbal tasks are repeatedly assessed resulting in better performance. 

However, the latter does not appear to be the case in our study. Age and gender 
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ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǛǾ˛ɍƲǾƤƲƫ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅؙ٪ɦǛɅǕ٪Ƈ٪ƣƲɅɅƲȯ٪ȬƲȯǌȉȯǼƇǾƤƲ٪

among older children and girls compared to boys, which is a well-known phenomenon 

in healthy children as well 51. Interestingly, vincristine was associated with lower 

ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇƣǛǳǛɅɬؘ٪¯ɍƤǕ٪ƇǾ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ƣƲɅɦƲƲǾ٪ȬȷɬƤǕȉȬǕɬȷǛƤƇǳǳɬ٪ǼƲƇȷɍȯƲƫ٪

ȷǼƲǳǳ٪ƇǾƫ٪Ƈ٪ȷȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ƇǍƲǾɅ٪ǕƇȷ٪ǾȉɅ٪ƣƲƲǾ٪ȬȯƲɥǛȉɍȷǳɬ٪ ǌȉɍǾƫ٪ 42, 52.

Changes in taste

Taste sensitivity of children with cancer was lower during active treatment compared 

to 3 months after the last chemotherapy or maintenance phase in children with ALL. 

Although a measurement before chemotherapy is lacking, this seems to indicate that 

taste sensitivity declines shortly after starting chemotherapy and recovers within 

3 months after its stop. Such a pattern has been also found among adult patients 

undergoing chemotherapy 42. Although taste receptor cells can renew quickly in 

healthy individuals, our results suggest that repeated cycles of chemotherapy may 

not provide enough time for full recovery of potential damage to receptor cells. 

However, recovery does occur once chemotherapy has been stopped for some time 

or if the dose has been reduced.

Several chemotherapeutic agents were associated with taste function in the current 

ȷɅɍƫɬؙ٪ƣɍɅ٪ǾȉɅ٪ ǛǾ٪ ɅǕƲ٪ ȷƇǼƲ٪ǼƇǾǾƲȯؘ٪�ǕǛǳƫȯƲǾ٪ ȯƲƤƲǛɥǛǾǍ٪ƲɅȉȬȉȷǛƫƲ٪ ٪ƲؘǍؘؙح ƤǕǛǳƫȯƲǾ٪

ɦǛɅǕ٪ǳɬǼȬǕȉǼƇ٪ȉȯ٪ȷȉǳǛƫ٪ɅɍǼȉȯخ٪ǕƇƫ٪ǳȉɦƲȯ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ƤǕǛǳƫȯƲǾ٪

that did not receive those agents. In contrast, administration of mercaptopurine 

٪ȯƲȷɍǳɅƲƫ٪ǛǾ٪ǕǛǍǕƲȯ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬؘ٪�ǾɅǕȯƇƤɬƤǳǛǾƲȷ٪خǛǾ٪ȬƇȯɅǛƤɍǳƇȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jjح

and mercaptopurine have been associated with taste alterations more often than 

ƲɅȉȬȉȷǛƫƲ٪ ǛǾ٪ȬȯƲɥǛȉɍȷ٪ ȷɅɍƫǛƲȷؙ٪ ƇǳɅǕȉɍǍǕ٪Ƈ٪ ȷȬƲƤǛ˚Ƥ٪ƫǛȯƲƤɅǛȉǾ٪ȉǌ٪ ȷɍƤǕ٪ ƤǕƇǾǍƲȷ٪ Ǜȷ٪

frequently left unmentioned 23, 26. In addition, corticosteroids were associated with 

better taste function. Similar to olfactory sensitivity, the use of glucocorticoids might 

enhance taste sensitivity. It might even counteract chemotherapy-induced taste 

loss. For example, taste loss disappeared in 5 out of 7 colorectal cancer patients 

ɅȯƲƇɅƲƫ٪ɦǛɅǕ٪ع׃˛ɍȉȯȉɍȯƇƤǛǳ٪ƇǾƫ٪ǳƲɍƤȉɥȉȯǛǾ٪ɦǕƲǾ٪ȬȯƲɅȯƲƇɅƲƫ٪ɦǛɅǕ٪ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪53. 

Unfortunately, the current sample size does not allow for testing possible interactions 

between cytotoxic agents. We also could not distinguish high-dose corticosteroids 

٪ƇǾƫ٪ɅǕƲ٪ƇƫǼǛǾǛȷɅȯƇɅǛȉǾ٪ȉǌ٪Ƈ٪ǼɍƤǕ٪ǳȉɦƲȯ٪ƫȉȷƲ٪ȉǌ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪خƇȷ٪ȬƇȯɅ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅح

intended as antiemetics. Our results, therefore, only tentatively suggest that certain 

chemotherapeutic agents are associated with certain taste changes in certain 

children with cancer.

6
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According to normative values, taste loss was present in approximately 20% of all 

children with cancer. In contrast, self-reported taste changes ranged between 60 – 

80%. But these changes were often described as “tastes being very different from 

before” rather than changes in sensitivity per se. Regardless, objective measures 

of both smell and taste function did not seem to correspond with self-reported 

smell and taste function. Another reason for this poor correspondence between 

ǼƲƇȷɍȯƲȷ٪Ǜȷ٪ɅǕƲ٪ɦƲǳǳعǯǾȉɦǾ٪˚ǾƫǛǾǍ٪ɅǕƇɅ٪ȬƲȉȬǳƲ٪ɅƲǾƫ٪Ʌȉ٪ƲɫȬƲȯǛƲǾƤƲ٪ɅƇȷɅƲ٪ǳȉȷȷ٪ɦǕƲǾ٪

they actually suffer from smell loss 54, 55. Further, in our previous qualitative study, we 

ȷǕȉɦƲƫ٪ɅǕƇɅ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ɦǕƲǾ٪ɅƇǳǯǛǾǍ٪ƇƣȉɍɅ٪ɅƇȷɅƲ٪حƤǕƇǾǍƲȷؙخ٪ǌȯƲȮɍƲǾɅǳɬ٪

talked about taste preferences or the food they like, rather than experienced 

changes in sensitivity of the taste qualities 20. These subjective chemosensory 

– or hedonic – alterations largely impacted the quality and daily lives of children 

undergoing chemotherapy. Perhaps it is not taste function that changes much with 

ƤǕƲǼȉɅǕƲȯƇȬɬؙ٪ƣɍɅ٪ɅǕƲ٪ɥƇǳƲǾƤƲ٪ƇɅɅȯǛƣɍɅƲƫ٪Ʌȉ٪ɅƇȷɅƲؙ٪ȷǼƲǳǳؙ٪ƇǾƫ٪˛Ƈɥȉȯȷؙ٪ǕǛǍǕǳǛǍǕɅǛǾǍ٪

the importance of subjective testing in addition to objective, psychophysical tests. 

The poor correspondence between objective and subjective measures for smell 

and taste cannot be readily explained in terms of children being unable to reliably 

verbalize their complaints as previous studies among adult patients undergoing 

ƤǕƲǼȉɅǕƲȯƇȬɬ٪Ƈǳȷȉ٪ƫǛƫ٪ǾȉɅ٪˚Ǿƫ٪ƇȷȷȉƤǛƇɅǛȉǾȷ٪ƣƲɅɦƲƲǾ٪ȉƣǬƲƤɅǛɥƲ٪ƇǾƫ٪ ȷɍƣǬƲƤɅǛɥƲ٪

measures of chemosensory function 40, 41.

Strengths, limitations, and future directions

½ǕǛȷ٪ Ǜȷ٪ ɅǕƲ٪˚ȯȷɅ٪ ȷɅɍƫɬ٪ Ʌȉ٪ƫƲȷƤȯǛƣƲ٪ ɅǕƲ٪ ɅȯƇǬƲƤɅȉȯǛƲȷ٪ȉǌ٪ƤǕƇǾǍƲȷ٪ ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ ɅƇȷɅƲ٪

function in a prospective cohort of children with different types of cancer both 

during and after chemotherapy. As hardly any evidence was available, the results 

of this study are useful for educating children and parents as well as developing 

future interventions. Some limitations should be noted. First of all, the sample size of 

children with particular malignancies, such as brain tumors, was small. Secondly, it 

proved to be impossible to measure children’s smell and taste function before they 

ȯƲƤƲǛɥƲƫ٪ɅǕƲǛȯ٪˚ȯȷɅ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪½ǕƲȯƲǌȉȯƲؙ٪ɅǕƲ٪ƤɍȯȯƲǾɅ٪ȷɅɍƫɬ٪ǳƇƤǯȷ٪Ƈ٪ȬȯȉȬƲȯ٪

baseline measurement. However, we felt the need for a baseline measurement 

did not outweigh the burden such a measurement would impose on children 

having just learned they have cancer. Thirdly, it should be noted that this study 

was performed amid the COVID-19 pandemic. COVID-19 can impair chemosensory 

function, particularly smell. Although chemosensory function measurements were 
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always performed at least 3 months after a potential COVID-19 infection, we cannot 

completely rule out that it may have had an impact on our study results.

Since nutritional status of children with cancer is already vulnerable, it is important to 

recognize smell and taste changes in time before they might have any detrimental 

effects. Educating children and parents at the start of treatment and providing 

ƲǌǌƲƤɅǛɥƲ٪ƤȉȬǛǾǍ٪ȷɅȯƇɅƲǍǛƲȷ٪ȯƲǍƇȯƫǛǾǍ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ƤǕƇǾǍƲȷ٪ɦǛǳǳ٪ǕƇɥƲ٪Ƈ٪ǳƇȯǍƲ٪ǛǾ˛ɍƲǾƤƲ٪

ȉǾ٪ɅǕƲ٪ƫƇǛǳɬ٪حȮɍƇǳǛɅɬ٪ȉǌخ٪ǳǛǌƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ ٪ȉǾ٪ɅǕƲǛȯ٪ȬǳƲƇȷɍȯƲ٪ȉǌ٪ƲƇɅǛǾǍؙ٪ƇǾƫ٪

food intake. An association between chemosensory function and dietary intake or 

nutritional status has been found among adult cancer patients, as well as children with 

cancer 21, 56-58. Therefore, future studies regarding chemosensory changes in children 

with cancer should include dietary assessment as well. Moreover, it would be highly 

relevant to develop interventions – and study their effectiveness – for children with 

cancer experiencing smell and taste changes. However, this should include an individual, 

tailored approach, as both objective and subjective smell and taste changes were found 

Ʌȉ٪ɥƇȯɬ٪حǛǾ٪ǛǾɅƲǾȷǛɅɬؙ٪ƫǛȯƲƤɅǛȉǾؙ٪ƇǾƫ٪ƲȷȷƲǾƤƲخ٪ƣƲɅɦƲƲǾ٪ȬƇɅǛƲǾɅȷ٪ǛǾ٪ɅǕƲ٪ƤɍȯȯƲǾɅ٪ȷɅɍƫɬؘ

CONCLUSION

This study showed that objective measures of smell and taste function did not 

change in children with cancer during active treatment. However, at each time 

ȬȉǛǾɅ٪ȮɍǛɅƲ٪Ƈ٪ǾɍǼƣƲȯ٪ȉǌ٪ȬƇɅǛƲǾɅȷ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ȷɍǌǌƲȯƲƫ٪ǌȯȉǼ٪ƇǳɅƲȯƲƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪UǾ٪

particular, a decreased taste sensitivity was present among children with lymphoma 

and solid tumors. After active treatment, taste function increased among patients 

ǛǾ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ح�jjخ٪ȉȯ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅǕƲ٪ȷɅȉȬ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حȉɅǕƲȯ٪

ƫǛƇǍǾȉȷǛȷؘخ٪�ǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪ɦƲȯƲ٪ǼƇǛǾǳɬ٪ȬȯƲȷƲǾɅƲƫ٪ǛǾ٪ɅƲȯǼȷ٪ȉǌ٪ǛǾƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬؙ٪

ȷȬƲƤǛ˚ƤƇǳǳɬ٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ǼƇǳǛǍǾƇǾƤǛƲȷؘ٪ UǾ٪ƇƫƫǛɅǛȉǾؙ٪ȷǼƲǳǳ٪

sensitivity of children with ALL decreased in maintenance phase, which implies 

increased smell sensitivity during active treatment. So, chemosensory changes were 

ǕƲɅƲȯȉǍƲǾƲȉɍȷؙ٪ǼƇǯǛǾǍ٪ǛɅ٪ƫǛǌ˚ƤɍǳɅ٪Ʌȉ٪ɍǾȯƇɥƲǳ٪ȬȉɅƲǾɅǛƇǳ٪ǼƲƤǕƇǾǛȷǼȷؘ٪GǛɥƲǾ٪ɅǕƲǛȯ٪ǕǛǍǕ٪

prevalence, they might impact eating behavior and dietary intake. To maintain or 

ǛǼȬȯȉɥƲ٪ǾɍɅȯǛɅǛȉǾƇǳ٪ȷɅƇɅɍȷ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ٪ ǛɅ٪ Ǜȷ٪ƣƲǾƲ˚ƤǛƇǳ٪Ʌȉ٪ȬȯȉɥǛƫƲ٪ɅǕƲǼ٪

with both general recommendations and individual dietary advice, considering any 

possible changes in their sense of smell and taste.

6
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SUPPLEMENT

Supplementary Figure 1. Boxplots for the “Taste Strips” test scores during the study period: sweet 
ɅƇȷɅƲ٪حƇؙخ٪ȷƇǳɅɬ٪ɅƇȷɅƲ٪حƣؙخ٪ȷȉɍȯ٪ɅƇȷɅƲ٪حƤؙخ٪ƇǾƫ٪ƣǛɅɅƲȯ٪ɅƇȷɅƲ٪حƫؘخ
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ABSTRACT

Background & Aims Taste changes are the third most common bothersome 

symptom during treatment in children with cancer. However, it is still unclear what 

the essence of these taste changes are, to what degree concomitant changes in 

sense of smell qualify this bothersome treatment symptom and how much of an 

impact these changes have on the life of children with cancer. The aim of this study 

was to explore characteristics of both taste and smell changes and to gain insight 

into the impact of these changes in children with cancer receiving chemotherapy.

Methods Semi-structured interviews were performed until data saturation was 

ƇƤǕǛƲɥƲƫ٪ǛǾ٪ƲƇƤǕ٪ƇǍƲ٪ǍȯȉɍȬ٪׀ֿ٪ػ٪ׄح٪ɬƲƇȯȷؙ٪ֿׁ٪ػ٪ֿׅ٪ɬƲƇȯȷؘخ٪½ǕǛȷ٪ȯƲȷɍǳɅƲƫ٪ǛǾ٪ƇǾ٪ǛǾعƫƲȬɅǕ٪

description of taste and smell changes, including its impact on the life of 27 children 

with various cancer types receiving chemotherapy. Thematic analysis of interview 

data was performed.

Results Interview data could be grouped into three main themes, namely changes 

ǛǾ٪ ٪خֿ ɅƇȷɅƲؙ٪ ٪خ׀ ȷǼƲǳǳؙ٪ ƇǾƫ٪ׁخ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯؘ٪�ȷ٪ƲɫȬƲƤɅƲƫؙ٪ǼȉȷɅ٪ƤǕǛǳƫȯƲǾ٪ ȯƲȬȉȯɅƲƫ٪

experiencing taste and smell changes just after start of treatment, but changes varied 

ǍȯƲƇɅǳɬ٪ƣƲɅɦƲƲǾ٪ƤǕǛǳƫȯƲǾ؛٪ɅǕƇɅ٪Ǜȷؙ٪ȷȉǼƲ٪ȯƲȬȉȯɅƲƫ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ǛǾɅƲǾȷǛɅɬ٪حǛǾƤȯƲƇȷƲƫ٪ȉȯ٪

ƫƲƤȯƲƇȷƲƫؙخ٪ɦǕƲȯƲƇȷ٪ ȉɅǕƲȯȷ٪ ȯƲȬȉȯɅƲƫ٪ƫǛǌǌƲȯƲǾɅ٪ ȬƲȯƤƲȬɅǛȉǾȷ٪ ȉȯ٪ ȬȯƲǌƲȯƲǾƤƲȷ٪ ٪ǌȯȉǼح

ȷɦƲƲɅ٪ Ʌȉ٪ ȷƇɥȉȯɬؘخ٪ ½ƇȷɅƲ٪ ƇǾƫ٪ ȷǼƲǳǳ٪ ƤǕƇǾǍƲȷ٪ ٪ȯƲǍƇȯƫǳƲȷȷح ȉǌ٪ ƫǛȯƲƤɅǛȉǾخ٪ ǾƲǍƇɅǛɥƲǳɬ٪

impacted quality of life, with these changes commonly described as “disappointing” 

or “frustrating”. Interestingly, particular chemotherapeutic agents were frequently 

ǼƲǾɅǛȉǾƲƫ٪ȯƲǍƇȯƫǛǾǍ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷؙ٪ȬȯȉǼȬɅǛǾǍ٪ȷƲǾȷȉȯɬعȷȬƲƤǛ˚Ƥ٪ƤȉȬǛǾǍ٪

strategies. Children’s eating behavior changed in terms of alterations in food liking 

and appetite, sometimes due to chemosensory changes, but children also mentioned 

ȷȬƲƤǛ˚Ƥ٪ǼƲƫǛƤƇɅǛȉǾ٪ȉȯ٪ǕȉȷȬǛɅƇǳ٪ǌȉȉƫ٪ƣƲǛǾǍ٪ȯƲȷȬȉǾȷǛƣǳƲ٪ǌȉȯ٪ɅǕƲǛȯ٪ƇǳɅƲȯƲƫ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯؘ

Conclusions Both taste and smell changes are common in children with cancer. The 

essence of these changes varies widely, but taste and smell changes are generally 

considered bothersome treatment symptoms. Ways to cope with taste or smell 

ƤǕƇǾǍƲȷ٪ȷȬƲƤǛ˚ƤƇǳǳɬ٪ɦƲȯƲ٪ƫƲȷƤȯǛƣƲƫ٪ƣɬ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦƇȯȯƇǾɅǛǾǍ٪ǌɍȯɅǕƲȯ٪ȯƲȷƲƇȯƤǕ٪ƇǾƫ٪

offering the opportunity for enhancing patient-centered care.

Keywords taste, smell, eating behavior, quality of life, childhood cancer
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INTRODUCTION

Children with cancer receiving chemotherapy often experience bothersome 

symptoms, such as nausea and pain. Taste changes have been found to be the third 

most common bothersome symptom during treatment, reported by 60.3% of the 

children 1. Several studies indicate that taste changes are indeed common in children 

with cancer 2-4ؘ٪OȉɦƲɥƲȯؙ٪ƲɫȬƲȯǛƲǾƤƲƫ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ƫȉ٪ǾȉɅ٪ȯƲ˛ƲƤɅ٪Ƈ٪ƤǕƇǾǍƲ٪ǛǾ٪

ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ȬƲȯ٪ȷƲؘ٪%ƲƤȯƲƇȷƲƫ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪حƇǾȉȷǼǛƇإǕɬȬȉȷǼǛƇخ٪ǌȉȯ٪ǛǾȷɅƇǾƤƲؙ٪

is often mistaken for loss of taste function in the general population 5. Colloquially, 

ɅƇȷɅƲ٪ȯƲǌƲȯȷ٪Ʌȉ٪Ƈ٪ǼɍǳɅǛȷƲǾȷȉȯɬ٪ȬƲȯƤƲȬɅ٪ح˛Ƈɥȉȯ؛خ٪ɅǕƇɅ٪Ǜȷؙ٪ɅǕƲ٪ǛǾɅƲǍȯƇɅƲƫ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪

experience of gustatory, olfactory, and somesthetic stimulation 6. So, smell and taste, 

ƇǾƫ٪ɅǕƲǛȯ٪ƤȉǼƣǛǾƲƫ٪ȬƲȯƤƲȬɅǛȉǾ٪ȉǌ٪˛Ƈɥȉȯؙ٪ƇȯƲ٪Ƈǳǳ٪ ǛǼȬȉȯɅƇǾɅ٪ƤǕƇȯƇƤɅƲȯǛȷɅǛƤȷ٪ȉǌ٪ǌȉȉƫ٪

that determine liking and preferences and play a distinct but related role in eating 

behavior 7. However, little is known whether smell changes also occur in children 

with cancer undergoing treatment, and if so, to what extent.

When exploring chemotherapy-induced chemosensory changes in adult cancer 

ȬƇɅǛƲǾɅȷؙ٪ Ƈ٪ ȷɬȷɅƲǼƇɅǛƤ٪ ȯƲɥǛƲɦ٪ ȷɍǍǍƲȷɅȷ٪ ɅǕƇɅ٪ ɅǕƲȯƲ٪ Ǜȷ٪ ǛǾȷɍǌ˚ƤǛƲǾɅ٪ ƲɥǛƫƲǾƤƲ٪ ɅǕƇɅ٪

ƤǕƲǼȉɅǕƲȯƇȬɬ٪ǛǾ˛ɍƲǾƤƲȷ٪ɅƇȷɅƲ٪ǛǾ٪Ƈ٪ɍǾǛǌȉȯǼ٪ǼƇǾǾƲȯ٪ɦǕƲǾ٪ǌȉƤɍȷǛǾǍ٪ȉǾ٪ȷƲǾȷǛɅǛɥǛɅɬ٪

and intensity of taste qualities 8. However, it seems that the changes in liking for foods 

ƇǾƫ٪ȉɅǕƲȯ٪ƇȷȬƲƤɅȷ٪ȉǌ٪˛Ƈɥȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪ǕƇɥƲ٪ɅǕƲ٪ǍȯƲƇɅƲȷɅ٪ǛǾ˛ɍƲǾƤƲ٪ȉǾ٪ɅǕƲ٪ȬƲȯƤƲȬɅǛȉǾ٪

ȉǌ٪ǌȉȉƫ٪ƫɍȯǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪½ǕǛȷ٪Ǜȷ٪ƤȉǾ˚ȯǼƲƫ٪ƣɬ٪Ƈ٪ȮɍƇǳǛɅƇɅǛɥƲ٪ȷɅɍƫɬ٪ƇǼȉǾǍ٪ƇƫɍǳɅȷ٪

with cancer, showing that patients experience a range of symptoms which they 

identify as “taste” problems during chemotherapy which in fact mostly relate to 

ɅǕƲ٪ƣȯȉƇƫƲȯ٪ȬǕƲǾȉǼƲǾƇ٪ȉǌ٪˛Ƈɥȉȯ٪ƇǾƫ٪ǕƲƫȉǾǛƤȷ٪9. Among children with cancer, taste 

changes have been previously described in a heterogeneous way, mostly referring to 

ǕƲƫȉǾǛƤȷ٪حǌȉȉƫ٪ɅƇȷɅǛǾǍ٪نƫǛǌǌƲȯƲǾɅه٪ȉȯ٪نƣƇƫ10ؘ٪خه٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪̨ Ƈɥȉȯȷ٪Ƥȉɍǳƫ٪ƣƲ٪ƲɫȬƲȯǛƲǾƤƲƫ٪

blander or more extreme in children receiving cancer treatments. However, it is still 

unclear what exactly a child with cancer means when it talks about “taste” problems. 

%ȉƲȷ٪ǛɅ٪ȯƲ˛ƲƤɅ٪Ƈ٪ȷǕǛǌɅ٪ǛǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ؟٪%ȉƲȷ٪Ƈ٪ȬȉȷȷǛƣǳƲ٪ƤǕƇǾǍƲ٪ǛǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪

lead to a concomitant shift in food preferences? Is the sense of smell affected? If 

so, does that play a likely role in food enjoyment and the degree of perceived taste 

changes? Until now, these aspects are understudied as most studies solely focus on 

taste changes in children with cancer. For that reason, changes in smell and other 

ƇȷȬƲƤɅȷ٪ȬȉɅƲǾɅǛƇǳǳɬ٪ǛǾ˛ɍƲǾƤǛǾǍ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ȷǕȉɍǳƫ٪ƣƲ٪ƲɫȬǳȉȯƲƫ٪Ƈȷ٪ɦƲǳǳؙ٪ƣƲƤƇɍȷƲ٪

7
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a complete overview of chemosensory problems might facilitate the development 

of effective strategies to manage these changes.

It should be noted that taste and smell changes associated with anti-cancer 

ɅȯƲƇɅǼƲǾɅȷ٪ ٪ƇǌǌƲƤɅ٪خǾȉɅƇƣǳɬ٪ƤǕƲǼȉɅǕƲȯƇȬɬح ǌȉȉƫ٪ ǛǾɅƇǯƲ٪ƇǾƫ٪ǾɍɅȯǛɅǛȉǾƇǳ٪ ȷɅƇɅɍȷ٪ ǛǾ٪

adult patients 11, 12. In addition to that, chemosensory changes seriously impact adult 

patients’ daily life and well-being 9, 13. This appears to be just as true in the case of 

ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯؘ٪ UǾ٪Ƈ٪ȯƲƤƲǾɅ٪ȷɅɍƫɬؙ٪ƇƫȉǳƲȷƤƲǾɅȷ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪׆ֿ٪ػ٪׀ֿح٪ɬƲƇȯȷخ٪ǼȉȷɅ٪

ǌȯƲȮɍƲǾɅǳɬ٪ȯƲȬȉȯɅƲƫ٪ƤƇǾƤƲȯعȷȬƲƤǛ˚Ƥ٪ǕƲƇǳɅǕعȯƲǳƇɅƲƫ٪ȮɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ٪حO§¦ȉjخ٪ȬȯȉƣǳƲǼȷ٪

ȯƲǳƇɅƲƫ٪ Ʌȉ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ƤǕƇǾǍƲȷ٪ ȷɍƤǕ٪Ƈȷ٪ ٪ǌȉȉƫ٪ǾȉɅن ɅƇȷɅǛǾǍ٪Ǎȉȉƫه٪ ٪ƇǾƫ٪خڤׁׂؘ׃ح

٪�ǍƇǛǾؙ٪ǛɅ٪Ǜȷ٪ɍǾƤǳƲƇȯ٪ɦǕƇɅ٪ȮɍƇǳǛɅǛƲȷ٪ƫƲ˚ǾƲ٪14ؘ٪خڤֿׂؘׄح٪هǾƇɍȷƲƇ٪ƤƇɍȷƲƫ٪ƣɬ٪ǌȉȉƫ٪ƇǾƫ٪ȷǼƲǳǳȷن

the essence of these food-related changes experienced by children with cancer. At 

the moment, we are still working on a longitudinal study in which we quantitatively 

measure taste and smell function in children with cancer. However, if we measure 

taste and smell changes it is largely unclear what makes these changes bothersome 

and what impact they have on the daily lives of so many children undergoing 

chemotherapy. These are meaningful questions as qualifying children’s experiences 

with taste and smell changes during treatment offers the opportunity to enhance 

patient-centered care. Therefore, we interviewed children with cancer, as part of the 

longitudinal study, asking them about their experiences with changes in taste and/

ȉȯ٪ȷǼƲǳǳ٪ɦǕǛǳƲ٪ȯƲƤƲǛɥǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ƇǾƫ٪Ǖȉɦ٪ɅǕƲȷƲ٪ƤǕƇǾǍƲȷ٪ǛǼȬƇƤɅحƲƫخ٪ɅǕƲǛȯ٪

daily lives.

METHODS

Study design

This is a qualitative study to explore experiences with and the impact of taste and 

smell changes in children with cancer undergoing chemotherapy, using semi-

structured interviews. Interviews were held between January and September 2021.

Participants and recruitment

This study was performed at the Princess Máxima Center for Pediatric Oncology in 

Utrecht, the Netherlands. All children newly diagnosed with cancer, consecutively 

admitted to the Princess Máxima Center, were asked to participate in a prospective 

ƤȉǕȉȯɅ٪ȷɅɍƫɬ٪ƤƇǳǳƲƫ٪¯-v¯�§ãؙ׀ع٪ ǛǾƤǳɍƫǛǾǍ٪ȷƲɥƲȯƇǳ٪ȮɍƇǾɅǛɅƇɅǛɥƲ٪ǼƲƇȷɍȯƲǼƲǾɅȷ٪ȉǌ٪
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ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅؘ٪�ǕǛǳƫȯƲǾ٪ǛǾ٪ɅǕƲ٪¯-v¯�§ã׀ع٪ȷɅɍƫɬ٪ǾƲƲƫƲƫ٪

to be between 6 and 17 years old, diagnosed with a hematological, solid, or brain 

malignancy, and currently treated with chemotherapy.

As quantitative measurements alone do not inform us on all aspects concerning 

ƤǕǛǳƫȯƲǾىȷ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ƫǛȷɅɍȯƣƇǾƤƲȷؙ٪Ƈǳǳ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕǛǾ٪¯-v¯�§ã׀ع٪ɦƲȯƲ٪ǛǾɥǛɅƲƫ٪Ʌȉ٪

participate in the current study comprising a semi-structured interview. At the time 

of the interview, these children had already undergone chemotherapy for at least 3 

ǼȉǾɅǕȷ٪ȷȉ٪ɅǕƇɅ٪ɅǕƲɬ٪ɦƲȯƲ٪ȷɍǌ˚ƤǛƲǾɅǳɬ٪ƇƣǳƲ٪Ʌȉ٪ɅƇǳǯ٪ƇƣȉɍɅ٪ɅǕƲǛȯ٪ȬȉɅƲǾɅǛƇǳ٪ƲɫȬƲȯǛƲǾƤƲȷ٪

with taste and smell changes. Children were not purposefully selected on reporting 

ƤǕƇǾǍƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪حƤȉǾɥƲǾǛƲǾƤƲ٪ȷƇǼȬǳǛǾǍخ٪ƇǾƫ٪ǛǾɅƲȯɥǛƲɦȷ٪ɦƲȯƲ٪ǕƲǳƫ٪

ɦǛɅǕ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦǕȉ٪ɦƲȯƲ٪˚ȯȷɅ٪ƲǾȯȉǳǳƲƫ٪ǛǾ٪¯-v¯�§ãح٪׀عȬƲǾƫǛǾǍ٪ƫƇɅƇ٪ȷƇɅɍȯƇɅǛȉǾؘخ

Data collection

MB carried out the semi-structured interviews. We planned to enroll at least 

٪ƤǕǛǳƫȯƲǾ٪־ֿ ǛǾ٪ƲƇƤǕ٪ƇǍƲ٪ǍȯȉɍȬ٪ػ٪ׄح٪ ٪ɬƲƇȯȷؙ٪׀ֿ ٪ػ٪ֿׁ ֿׅ٪ɬƲƇȯȷؘخ٪�ǌɅƲȯ٪ ǛǾɅƲȯɥǛƲɦǛǾǍ٪־׀ڗ٪

participants, we decided that data saturation was achieved if no new information 

was obtained from the three subsequent interviews in each age group, resulting 

ǛǾ٪Ƈ٪ ɅȉɅƇǳ٪ȉǌ٪ׅ׀٪ ǛǾɅƲȯɥǛƲɦƲƲȷؘ٪ UǾɅƲȯɥǛƲɦȷ٪ɦƲȯƲ٪ǕƲǳƫ٪ƫɍȯǛǾǍ٪ ٪ƇƫǼǛȷȷǛȉǾ٪ƇɅخƫƇɬح ɅǕƲ٪

Princess Máxima Center and lasted between 10 – 27 minutes. During the interviews, 

children were often accompanied by a parent who was allowed to participate in 

the conversation, preferably at the end of the interview to make any additions. The 

interview guide was developed in collaboration with a pediatric oncologist, nutritional 

scientist/dietitian, health scientist, representative of the patient organization, and 

two psychologists and was based on key topics from literature and experiences 

from a previous study 4. Interviews covered descriptions of changes in taste, smell, 

ȉȯ٪ȬȯƲǌƲȯƲǾƤƲȷؙ٪ɅǛǼǛǾǍ٪ȉǌ٪ɅǕƲȷƲ٪ƤǕƇǾǍƲȷؙ٪ ǛɅȷ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ɦǛɅǕ٪ȷȬƲƤǛ˚Ƥ٪ɅȯƲƇɅǼƲǾɅȷ٪

ȉȯ٪ǛǾɅƲȯɥƲǾɅǛȉǾȷؙ٪ɅǕƲ٪ǛǼȬƇƤɅ٪حȬȯƇƤɅǛƤƇǳؙ٪ȷȉƤǛƇǳخ٪ȉǾ٪ƫƇǛǳɬ٪ǳǛǌƲؙ٪ƇǾƫ٪ȷɅȯƇɅƲǍǛƲȷ٪Ʌȉ٪ǕƇǾƫǳƲ٪

these changes. Interviews were audio recorded.

½ǕƲ٪ɬȉɍǾǍƲȷɅ٪ƤǕǛǳƫȯƲǾ٪ػ٪ׄح٪ֿ ٪ىɦȯǛɅƲ٪ƇǾƫ٪ƫȯƇɦ٪ɅƲƤǕǾǛȮɍƲو٪ɦƲȯƲ٪ǛǾɥǛɅƲƫ٪Ʌȉ٪ɍȷƲ٪ɅǕƲ٪خɬƲƇȯȷ٪׀
15. School-age children are familiar with drawings and writings and this technique is 

therefore considered a child-friendly method to collect data from children. Children 

who wanted to use this technique, were given paper and pencils and were asked 

Ʌȉ٪ƫȯƇɦ٪ȉȯ٪ɦȯǛɅƲؚ٪ֿخ٪ɅǕƲǛȯ٪ǌƇɥȉȯǛɅƲ٪ǌȉȉƫȷخ׀٪؛٪ǌȉȉƫȷ٪ɅǕƇɅ٪ɅƇȷɅƲ٪ƫǛǌǌƲȯƲǾɅǳɬ؛٪ƇǾƫ٪ׁخ٪ȷǼƲǳǳȷ٪

that have changed or became unpleasant since treatment with chemotherapy. 

7
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Afterwards, children were asked to talk about their drawings and writings, followed 

by further questions about their experiences.

Data analysis

Data were analyzed using thematic analysis, a qualitative method for identifying, 

analyzing and reporting themes 16, 17. Thematic analysis was chosen to provide a rich 

description of the data. All digitally recorded interviews were transcribed verbatim 

ƇǾƫ٪ ǛǼȬȉȯɅƲƫ٪Ƈȷ٪ ɅƲɫɅ٪ƫȉƤɍǼƲǾɅȷ٪ ǛǾ٪�½j�¯ؘɅǛ٪ ٪ƤǛƲǾɅǛ˚Ƥ٪¯ȉǌɅɦƇȯƲ٪%ƲɥƲǳȉȬǼƲǾɅ¯ح

GǼƣOؙ٪�ƲȯǳǛǾؙ٪GƲȯǼƇǾɬؙخ٪Ƈ٪ȮɍƇǳǛɅƇɅǛɥƲ٪ƇǾƇǳɬȷǛȷ٪ȬȯȉǍȯƇǼؘ٪t�٪ƇǾƫ٪tO٪ǛǾǛɅǛƇǳǳɬ٪ƤȉƫƲƫ٪

Ƈǳǳ٪ ɅȯƇǾȷƤȯǛȬɅȷ٪ ٪ƤȉǼȬƇȯƲƫ٪ƤȉƫǛǾǍؙ٪ƇǾƫ٪ȯƲȷȉǳɥƲƫ٪ƫǛȷƤȯƲȬƇǾƤǛƲȷؘ٪§O٪ؙخȉȬƲǾ٪ƤȉƫǛǾǍح

then reread all coded transcripts and supplemented feedback to create a coding 

ǼƇǾɍƇǳ٪ɅǕƇɅ٪ɦƇȷ٪˚ǾƇǳǛɶƲƫ٪ƇǌɅƲȯ٪ǌƲƲƫƣƇƤǯ٪ǌȯȉǼ٪-Oؘ٪�ǌɅƲȯɦƇȯƫȷؙ٪Ƈǳǳ٪ɅȯƇǾȷƤȯǛȬɅȷ٪ɦƲȯƲ٪

ƤȉƫƲƫ٪ƇǍƇǛǾ٪ɍȷǛǾǍ٪ɅǕƲ٪˚ǾƇǳ٪ƤȉƫǛǾǍ٪ǼƇǾɍƇǳؘ٪½ǕƲǼƲȷ٪ɦƲȯƲ٪ƫƲȯǛɥƲƫ٪ǌȯȉǼ٪ɅǕƲ٪ƫƇɅƇ٪ǛǾ٪

an inductive way.

The team had regular discussions throughout the duration of the project. Further, 

t�٪ȬȯƲȷƲǾɅƲƫ٪˚ǾƫǛǾǍȷ٪ƇǾƫ٪ɅƲǾɅƇɅǛɥƲ٪ƤȉǾƤǳɍȷǛȉǾȷ٪ǌȉȯ٪ǌɍȯɅǕƲȯ٪ƫǛȷƤɍȷȷǛȉǾ٪ɦǛɅǕ٪ȉɅǕƲȯ٪

experts at a research meeting. These discussions were conducted with the intent to 

avoid that our conclusions being particular to the perspective of just one researcher. 

OȉɦƲɥƲȯؙ٪ǛɅ٪ȷǕȉɍǳƫ٪ƣƲ٪ǾȉɅƲƫ٪ɅǕƇɅ٪ȷƲɥƲȯƇǳ٪ǼƲǼƣƲȯȷ٪ȉǌ٪ɅǕƲ٪ɅƲƇǼ٪حt�ؙ٪Ý½ؙ٪§Oخ٪ǕƇɥƲ٪

previously investigated taste and smell changes in children with cancer, which may 

ǕƇɥƲ٪ǛǾ˛ɍƲǾƤƲƫ٪ɅǕƲ٪ǛǾɅƲȯɥǛƲɦǛǾǍ٪ƇǾƫ٪ƤȉƫǛǾǍ٪ȉǌ٪ɅǕƲ٪ƫƇɅƇؘ

Ethical consideration

All procedures performed in this study were in accordance with the ethical standards 

of the institutional and/or national research committee and with the 1964 Helsinki 

Declaration and its later amendments or comparable ethical standards. The Medical 

-ɅǕǛƤȷ٪§ƲɥǛƲɦ٪�ȉǼǼǛɅɅƲƲ٪ȉǌ٪ɅǕƲ٪ÄǾǛɥƲȯȷǛɅɬ٪tƲƫǛƤƇǳ٪�ƲǾɅƲȯ٪ÄɅȯƲƤǕɅ٪ �ÄtحÄؙخ٪ ɅǕƲ٪

vƲɅǕƲȯǳƇǾƫȷؙ٪ƇȬȬȯȉɥƲƫ٪ɅǕǛȷ٪ȷɅɍƫɬ٪Ƈȷ٪ȷɍƣȬƇȯɅ٪ȉǌ٪ɅǕƲ٪̄ -v¯�§ã׀ع٪ȷɅɍƫɬ٪حt-½�٪vׇֿؘؘخׇ־׆٪

ÝȯǛɅɅƲǾ٪ǛǾǌȉȯǼƲƫ٪ƤȉǾȷƲǾɅ٪ɦƇȷ٪ȉƣɅƇǛǾƲƫ٪ǌȯȉǼ٪ɅǕƲ٪ȬƇȯƲǾɅȷؙ٪ƇǾƫ٪ǌȯȉǼ٪ƤǕǛǳƫȯƲǾ٪׀ֿ٪ړ٪

years. A 15-point checklist of criteria for good thematic analysis was used for reporting 

and writing 17.
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RESULTS

Twenty-seven children with cancer were included in this study. Participant 

demographics and clinical characteristics can be found in Table 1. During the 

ǛǾɅƲȯɥǛƲɦȷؙ٪ɅǕƲ٪ǼƇǬȉȯǛɅɬ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ȯƲȬȉȯɅƲƫ٪ƣȉɅǕ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪حn = 20, 

٪ɦǕƲȯƲƇȷ٪ȉǾǳɬ٪ȉǾƲ٪ǍǛȯǳ٪ƫǛƫ٪ǾȉɅ٪ȯƲȬȉȯɅ٪ƇǾɬ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ȉȯ٪ȷǼƲǳǳ٪ȬƲȯƤƲȬɅǛȉǾؘ٪ؙخڤֿׂؘׅ

When focusing on taste and smell separately, it can be noticed that taste changes 

٪ƇȯƲ٪ǌȯƲȮɍƲǾɅǳɬ٪ȯƲȬȉȯɅƲƫ٪ȷǛǾƤƲ٪ɅǕƲ٪خڤ׃ֿؘ׆٪ؙ׀׀٪ڏ٪nح٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪خڤ׀ؘ׃׆٪ׁؙ׀٪ڏ٪nح

start of treatment.

½ǕƲǼƇɅǛƤ٪ƇǾƇǳɬȷǛȷ٪ǛƫƲǾɅǛ˚Ʋƫ٪ɅǕȯƲƲ٪ȉɥƲȯƇȯƤǕǛǾǍ٪ǼƇǛǾ٪ɅǕƲǼƲȷؙ٪ǾƇǼƲǳɬ٪ֿخ٪ƤǕƇǾǍƲȷ٪ǛǾ٪

ɅƇȷɅƲخ׀٪؛٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳؙ٪ƇǾƫ٪ׁخ٪ƇǳɅƲȯƲƫ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯؘ٪UǾ٪ƫǛȷƤɍȷȷǛǾǍ٪ƤǕƇǾǍƲȷ٪ǛǾ٪

ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳؙ٪ǛǾɅƲȯɥǛƲɦ٪ƫƇɅƇ٪Ƥȉɍǳƫ٪ƣƲ٪ǍȯȉɍȬƲƫ٪ǛǾɅȉ٪̊ ɥƲ٪ȷɍƣعɅǕƲǼƲȷؚ٪nature, timing, 

association, impact, and coping. Data regarding altered eating behavior was grouped 

into two sub-themes: food liking and appetite ح½ƇƣǳƲ٪ؘخ׀٪-ƇƤǕ٪ɅǕƲǼƲ٪ƇǾƫ٪ȷɍƣعɅǕƲǼƲ٪

ƇȯƲ٪ƲɫȬǳȉȯƲƫ٪ɍȷǛǾǍ٪ǛǳǳɍȷɅȯƇɅǛɥƲ٪ȮɍȉɅƲȷ٪ǌȯȉǼ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪Ʌȉ٪ǛǳǳɍǼǛǾƇɅƲ٪˚ǾƫǛǾǍȷؘ

Table 1. Characteristics of the included childhood cancer patients.

Characteristics Patients (n = 27)

¯Ʋɫؙ٪ǌƲǼƇǳƲ٪حǾؙ٪خڤ خׇֿؘ׃ح٪ֿׂ

�ǍƲ٪حǼƲƫǛƇǾؙ٪ȯƇǾǍƲخ
٪ ٪ خڤ٪Ǿؙح٪ɬƲƇȯȷ٪׀ֿ٪ػ٪ׄ
٪ ٪ خڤ٪Ǿؙح٪ɬƲƇȯȷ٪ֿׅ٪ػ٪ֿׁ

خֿׅ٪ػ٪ׄح٪׀ֿ
خׇֿؘ׃ح٪ֿׂ
خֿؘ׆ׂح٪ֿׁ

Diagnosis
٪ ٪ OƲǼƇɅȉǳȉǍǛƤ٪ǼƇǳǛǍǾƇǾƤɬ٪حǾؙ٪خڤ
٪ ٪ �ȯƇǛǾ٪ɅɍǼȉȯ٪حǾؙ٪خڤ
٪ ٪ ¯ȉǳǛƫ٪ɅɍǼȉȯ٪حǾؙ٪خڤ

خ׀ؘ׃׆ح٪ׁ׀
خׁؘׅح٪ֿ
خֿֿֿؘح٪ׁ

tȉǾɅǕȷ٪ȷǛǾƤƲ٪ƫǛƇǍǾȉȷǛȷ٪حǼƲƫǛƇǾؙ٪ȯƇǾǍƲخ خׁؘ׃٪ػ٪ׁؘ׀ح٪ׁؘׅ

½ƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ȷǛǾƤƲ٪ɅȯƲƇɅǼƲǾɅ٪حǾؙ٪خڤ خ׀ؘ׃׆ح٪ׁ׀

¯ǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ȷǛǾƤƲ٪ɅȯƲƇɅǼƲǾɅ٪حǾؙ٪خڤ خ׃ֿؘ׆ح٪׀׀

�ȉɅǕ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ȷǛǾƤƲ٪ɅȯƲƇɅǼƲǾɅ٪حǾؙ٪خڤ خֿׂؘׅح٪־׀

vƇɍȷƲƇ٪ǛǾ٪ǳƇȷɅ٪׀٪ƫƇɬȷ٪حǾؙ٪خڤ خ׀ؘ׀׀ح٪ׄ

tɍƤȉȷǛɅǛȷ٪ǛǾ٪ǳƇȷɅ٪׀٪ƫƇɬȷ٪حǾؙ٪خڤ خׁؘׅح٪ֿ

7
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Table 2. Themes.

1) Taste changes 2) Smell changes 3) Altered eating behavior

I. Nature
Intensity ب 
٪ب  ¦ɍƇǳǛɅɬ
Bad taste ب 
Preference ب 

I. Nature
Intensity ب 
٪ب  ¦ɍƇǳǛɅɬ
Hedonics ب 

I. Food liking
Less desired foods ب 
More desired foods ب 
Home-cooked meals ب 
Fluctuation of food choices ب 

II. Timing
Onset ب 
Transience ب 

II. Timing
Onset ب 
Transience ب 

II. Appetite
Changes in appetite ب 
Corticosteroids ب 

III. Association
Mucositis ب 
٪ب  ¯ȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪
    agent
 Treatment-related ب 
     intervention

III. Association
Nausea ب 
٪ب  ¯ȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪
    agent
 Treatment-related ب 
    intervention
Negative experience ب 

IV. Impact
Frustration ب 
Dissapointment ب 

IV. Impact
Irritation ب 

V. Coping
٪ب  �ƫƫǛǾǍ٪حȷɅȯȉǾǍخ٪˛Ƈɥȉȯȷ
Trying foods ب 
Brushing teeth ب 
Eating sweets ب 
Drinking ب 

V. Coping
Avoiding unpleasant smells ب 
Covering unpleasant smells ب 

Taste changes

Nature

½ȉ٪ɍǾƫƲȯȷɅƇǾƫ٪Ǖȉɦ٪ƤǕǛǳƫȯƲǾ٪ƫƲȷƤȯǛƣƲ٪ȬȉȷȷǛƣǳƲ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷؙ٪ɦƲ٪˚ȯȷɅ٪ƇȷǯƲƫ٪ɅǕƲǼ٪

ƇƣȉɍɅ٪ɅǕƲǛȯ٪ƫƲ˚ǾǛɅǛȉǾ٪ȉǌ٪ɅƇȷɅƲؘ٪½ǕǛȷ٪ɦƇȷ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪Ƈ٪ɍǾǛǌȉȯǼ٪ɦƇɬؙ٪ǾƇǼƲǳɬؚ٪Ǖȉɦ٪

ȷȉǼƲɅǕǛǾǍ٪حǌȉȉƫ٪ȉȯ٪ƫȯǛǾǯخ٪ɅƇȷɅƲȷؙ٪Ǖȉɦ٪ȷɅȯȉǾǍ٪ǛɅ٪ɅƇȷɅƲȷؙ٪ƇǾƫ٪ɦǕƲɅǕƲȯ٪ǛɅ٪Ǜȷ٪ɅƇȷɅɬ٪ȉȯ٪ǾȉɅؘ

Then we continued the conversation about taste changes during chemotherapy. 

Children described a variety of taste changes, most often expressed by alterations 

in intensity, quality, preferences, or the presence of a bad taste. Taste perception in 

terms of intensity could be either increased or decreased:

“Everything tastes much stronger” (girl, 11 years)

“My taste was then completely gone, I couldn’t taste anything” (boy, 17 years)
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�ǕǛǳƫȯƲǾ٪Ƈǳȷȉ٪ǼƲǾɅǛȉǾƲƫ٪ɅǕƇɅ٪ȷȉǼƲ٪ǌȉȉƫȷ٪ɅƇȷɅƲƫ٪ɥƲȯɬ٪ƫǛǌǌƲȯƲǾɅ٪حȮɍƇǳǛɅɬخ٪ɅǕƇǾ٪ƣƲǌȉȯƲ٪

chemotherapy or than they were used to. Others experienced a bad taste in their mouth:

ڑƇǳɦƇɬȷڑǌƇɅǕƲȯڑǼɬڑƲɫƇǼȬǳƲڑǌȉȯڑلƇɥȉȯ˷ڑƫǛǌǌƲȯƲǾɅڑƤȉǼȬǳƲɅƲǳɬڑƇڑǕƇȷڑǛɅڑȉǼƲɅǛǼƲȷ¯ٲ

makes soup on Sundays and suddenly the zucchini soup tasted like chicken soup 

or something. Not really a recognizable soup” (girl, 11 years)

“I often have a very bad taste in my mouth the whole day long and it doesn’t 

matter what I eat or drink, that taste just stays the whole time” (boy, 16 years)

A majority of the children noticed a change in their taste preference, with sweet 

being less preferred and a remarkable preference for salty or savory foods:

“I would now rather eat something savory than something sweet, that is a really 

big change” (boy, 16 years)

“When I had chemotherapy, I leaned much more towards salty. I really liked 

chips, or those salty pretzels” (girl, 17 years)

Timing

UǾ٪ǍƲǾƲȯƇǳؙ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ɦƲȯƲ٪ƲɫȬƲȯǛƲǾƤƲƫ٪ȷǛǾƤƲ٪ɅǕƲ٪ȷɅƇȯɅ٪ػ٪ȉȯ٪ǛǾ٪ɅǕƲ٪˚ȯȷɅ٪ǼȉǾɅǕ٪ػ٪ȉǌ٪

treatment:

ɬƲƇȯȷٜڑפڑلǍǛȯǳٛڑٳɅǛǼƲڑȯȷɅ˶ڑɅǕƲڑǌȉȯڑƤǕƲǼȉڑǕƇƫڑUڑÝǕƲǾٲ

The course of these changes was relatively heterogeneous with some children 

ƫƲȷƤȯǛƣǛǾǍ٪ɅǕƇɅ٪ɅǕƲȷƲ٪ƤǕƇǾǍƲȷ٪ƇȯƲ٪ǼƇǛǾǳɬ٪ȬȯƲȷƲǾɅ٪ǛǾ٪ɅǕƲ٪˚ȯȷɅ٪ɦƲƲǯ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪

chemotherapy and then gradually normalizes, while others describing taste changes 

as being continuously present since the start of treatment:

“I think that after 1 or 2 days you already notice it and that lasts for about the 

˶ȯȷɅڑɦƲƲǯڑى½ǕƲǾڑɬȉɍڑȯƲƇǳǳɬڑǾȉɅǛƤƲڑǛɅڑلɬȉɍȯڑɅȉǾǍɍƲڑƇǳȷȉڑǌƲƲǳȷڑƇڑƣǛɅڑǾɍǼƣڑى½ǕƲǾڑ

after a week and a half you may have it [normal sense of taste] back, but then 

you have half a week to taste your food and then you have a new course [of 

chemotherapy]” (boy, 17 years)

7
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Association

When it comes to treatment-related symptoms associated with taste changes, oral 

mucositis was mentioned by some of the children being responsible for their altered 

taste perception:

“My mucous membranes were completely damaged. The taste change is 

because of that” (boy, 15 years)

UǾ٪ƇƫƫǛɅǛȉǾؙ٪ ȷȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ƇǍƲǾɅȷ٪ ٪ȉȯ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪خǼƲɅǕȉɅȯƲɫƇɅƲح

ƤɬƤǳƲȷ٪حƲؘǍؘؙ٪�-¤�ؙ٪ƤȉǾȷǛȷɅǛǾǍ٪ȉǌ٪ɥǛǾƤȯǛȷɅǛǾƲؙ٪ƫȉɫȉȯɍƣǛƤǛǾؙ٪ȬȯƲƫǾǛȷȉǾƲؙ٪ƇǾƫ٪ƲɅȉȬȉȷǛƫƲخ٪

were mentioned regarding a decreased perception of taste intensity. Furthermore, 

ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪حƇ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫخ٪ɦƇȷ٪ǼƲǾɅǛȉǾƲƫ٪ƣɬ٪ȷƲɥƲȯƇǳ٪ƤǕǛǳƫȯƲǾ٪ǛǾ٪ȯƲǳƇɅǛȉǾ٪Ʌȉ٪

changes in taste preferences:

ڑtɬڑىƣƇƫǳɬڑɅƇȷɅƲٚڑǛǾڑƤǕƇǾǍƲٙڑǛɅڑƲɫȬƲȯǛƲǾƤƲƫڑUڑƤȉɍȯȷƲȷڑ�¤-�ڑɅɦȉڑȯȷɅ˶ڑɅǕƲڑɍȯǛǾǍ%ٲ

taste was then really just gone” (boy, 17 years)

“That was very strange, he only wanted savory when he was on the 

dexa[methasone]” (mother of 6-year old boy)

tȉȯƲȉɥƲȯؙ٪Ƈ٪ǳȉɅ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ǾȉɅǛƤƲ٪Ƈ٪˛Ƈɥȉȯ٪ȉȯ٪ȯƲɅȯȉǾƇȷƇǳ٪ȷǼƲǳǳ٪ƫɍȯǛǾǍ٪ȷƇǳǛǾƲ٪˛ɍȷǕǛǾǍ٪ȉǌ٪

their central venous line which was reported to be like “glue”, “medicine” or “salty”:

“A salty, uh yes... it’s really a kind of smell that you taste in your mouth. It’s really 

odd” (girl, 14 years)

Impact

½ƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ǾƲǍƇɅǛɥƲǳɬ٪ǛǾ˛ɍƲǾƤƲ٪ƫƇǛǳɬ٪ǳǛɥƲȷ٪ȉǌ٪ǼȉȷɅ٪ƤǕǛǳƫȯƲǾؙ٪ɦǛɅǕ٪ɅǕƲȷƲ٪ƤǕƇǾǍƲȷ٪

commonly described as “frustrating” or “disappointing”:

“It was extremely frustrating. I smelled yummy food everywhere, but when it 

ended up in my mouth, I didn’t like it. It was just really annoying to go through 

that, it makes you not want to eat” (girl, 17 years)

ڑɅٵƫǛƫǾڑƇɥȉȯȷ˷ڑɅǕȉȷƲڑƣƲƤƇɍȷƲڑǌȉȉƫڑǼɬڑƲǾǬȉɬڑȯƲƇǳǳɬڑɅٵƤȉɍǳƫǾڑUڑɅǕƇɅڑǾȉɅǛƤƲƫڑȯƲƇǳǳɬڑUٲ

come out properly. I didn’t like that at the time either” (girl, 14 years)
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Coping

Children tried several things to manage changes in taste. Coping strategies included 

ƇƫƫǛǾǍ٪حȷɅȯȉǾǍخ٪̨ Ƈɥȉȯȷ٪ȉȯ٪ɅȯɬǛǾǍ٪حǾƲɦخ٪ǌȉȉƫȷ٪ɦǕƲǾ٪ȷɍǌǌƲȯǛǾǍ٪ǌȯȉǼ٪ƇǾɬ٪ǌȉȯǼ٪ȉǌ٪ƤǕƇǾǍƲȷ٪

in taste:

“If we have chips, I’ll have sweet chili sauce with them, and I’ll dip the chips in it. 

½ǕƇɅڑǕƇȷڑƇڑɥƲȯɬڑȷɅȯȉǾǍڑ˷ƇɥȉȯڑɦǕǛƤǕڑUڑƤȉɍǳƫڑɅƇȷɅƲٛڑٳǍǛȯǳڑמלڑلɬƲƇȯȷٜ

“I try to eat some things more often to get used to the new taste” (girl, 11 years)

A bad taste in the mouth, especially when not eating, was resolved by brushing teeth, 

eating sweets, or drinking something:

“I just tried rinsing my mouth and brushing my teeth quite often, but nothing 

helped at that point” (girl, 17 years)

“When I eat lollipops, I don’t taste the bad taste” (boy, 17 years)

Smell changes

Nature

Smell changes were most often expressed by alterations in intensity, quality, or 

hedonics. Similar to taste, smell perception could be either increased or decreased 

in intensity:

“Well I burned a scented candle recently but that also smelled too strong” (girl, 

14 years)

“My nose doesn’t smell things far away but does smell things close to my nose” 

(boy, 6 years)

Sometimes, smells were perceived differently compared to before chemotherapy:

“I remember how that perfume smelled in the past, it was always a bit sweet 

but now it just smells very different, a bit like sweat” (boy, 12 years)

7
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A majority of the children indicated that they perceived unpleasant smells since the 

start of treatment, mainly concerning food odors, body odors, and hospital odors:

“Dinner just stinks, but nothing else” (boy, 17 years)

“Your breath stinks; she never said that before” (mother of 17-year old girl)

“At one point I had troubles with the smell of that disinfectant stuff. The smell 

was just continuously present” (girl, 17 years)

Timing

Changes in smell intensity – increased or decreased – were most often noticed since 

the start of treatment. However, the perception of unpleasant smells, especially food 

odors and hospital odors, was only experienced after several visits to the hospital. 

From that moment on, these odors were continuously experienced as unpleasant, 

while, for example, a decreased smell intensity was mainly experienced in the two 

weeks after a cycle of chemotherapy and then slowly recovered:

ڑɅȉڑɅǛǼƲڑǳȉǾǍڑƇڑɅȉȉǯڑƇǳȷȉڑUɅڑىǳȉȷȷڑȷǼƲǳǳڑȉǌڑǳȉɅڑƇڑǕƇƫڑƇǳȷȉڑUڑلɦƲƲǯȷڑɅɦȉڑȯȷɅ˶ڑɅǕƲڑUǾٲ

come back, maybe two weeks” (boy, 17 years)

“At the beginning of treatment she said she didn’t like it (smell of alcohol) very 

much, but then it wasn’t so dominant. I think it started in the middle of treatment, 

after 6 or 7 cycles” (mother of 10-year old girl)

Association

Although a majority of the children also experienced taste alterations besides 

changes in smell, these concepts were rarely linked to each other. However, nausea 

was often mentioned in relation to smell. On the one hand, children indicated that 

unpleasant odors cause nausea, but on the other hand, it was also noted that smells 

are poorly tolerated when you already feel nauseous:

“On a normal day it’s okay if I smell fries or something, but on a day when I’m 

nauseous I think: go away” (girl, 17 years)

“The smell of food makes me nauseous and usually makes me vomit” (girl, 11 years)
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UǾ٪ƇƫƫǛɅǛȉǾ٪Ʌȉ٪ǾƇɍȷƲƇؙ٪ɅǕƲ٪ɍȷƲ٪ȉǌ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪حƫƲɫƇǼƲɅǕƇȷȉǾƲ٪ƇǾƫ٪ȬȯƲƫǾǛȷȉǾƲخ٪

was mentioned a few times in relation to increased smell sensitivity or perception 

of body odors:

“What struck me is that whenever she had prednisone or dexa[methasone], if I 

had had coffee she would say: Gross, your breath stinks” (mother of 12-year old girl)

Moreover, a lot of children stated not liking the smell of ethanol on their central 

venous catheter patch, which is generally only experienced by themselves:

“When they change that PICC line patch, I can smell it for a few days afterwards 

but mommy doesn’t smell it” (girl, 14 years)

�ƫȉȯƇǾɅȷ٪ƇȯƲ٪ ǌȯƲȮɍƲǾɅǳɬ٪ ǳǛǾǯƲƫ٪Ʌȉ٪ȷȬƲƤǛ˚Ƥ٪ƲɫȬƲȯǛƲǾƤƲȷ٪ȉȯ٪ ǳȉƤƇɅǛȉǾȷؘ٪ UǾ٪ɅǕǛȷ٪ƤƇȷƲؙ٪

children with cancer described that certain smells, for example from soup or hand 

sanitizer, directly remind them of the hospital which is unpleasant

“They often eat soup here [at the hospital], and then I smell, you know, the scent 

of soup. And then when I’m home and I smell tomato soup, I start to think about 

the hospital. It just makes me nauseous” (boy, 17 years)

Impact

Changes in smell, in whatever form they appear, are mostly experienced as “irritation”. 

Children also describe unpleasant food and hospital odors being continuously 

present, which has a negative impact on their mood:

“It’s kind of an irritation. You want to get rid of that smell. It follows you and that’s 

not fun, it’s not nice and it has to go” (girl, 17 years)

“It’s a bit of an issue because she starts to breathe really strange and nothing 

helps which makes her unhappy. It makes her a bit grumpy” (mother of 10-year 

old girl)

7
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Coping

Children generally described coping strategies for managing unpleasant smells, 

rather than solutions for a decreased or increased smell sensitivity. Coping strategies 

include avoiding and covering of unpleasant smells:

“I often say at dinner time: give me only potatoes with Greek yogurt. I just can’t 

tolerate the smell of other things being cooked” (girl, 17 years)

“I usually ran upstairs around dinner time because it smells so bad but I can still 

smell it [food being cooked] upstairs. Then I spray deo[dorant], that suddenly 

smells very nice” (girl, 11 years)

Altered eating behavior

Food liking

Children commonly described a decrease in food liking for certain foods, such as 

vegetables and chocolate. Sometimes, this reduction in food desire was linked to 

perceived changes in taste or attributed to the smell of that particular food, but this 

was not always clear:

“Well I really think: disgusting. I don’t feel like that. Chocolate, yuck, no. While I 

normally think: oh yum, chocolate” (girl, 17 years)

On the other hand, fruits and fatty snacks, such as chips, fries, and noodles, were 

often referred to as more desirable foods. A lot of children also explicitly stated that 

they prefer home-cooked meals:

“I started eating noodles more often” (girl, 14 years)

“Well, I really don’t like the hospital food, I just like our own food” (girl, 14 years)

�ƫƫǛɅǛȉǾƇǳǳɬؙ٪ƫƲȷǛȯƲƫ٪ǌȉȉƫȷ٪ȷƲƲǼ٪Ʌȉ٪˛ɍƤɅɍƇɅƲ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪Ƈȷ٪ǼƲǾɅǛȉǾƲƫ٪ƣɬ٪ɅǕƲ٪

following participant:

“Sometimes I like fruit, then candy and then, a few days later, I like something 

else and then candy doesn’t taste good anymore” (boy, 17 years)
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Appetite

Children noticed their appetite changed since the start of treatment, with some 

children experiencing a decreased appetite and others having an increased appetite. 

Particularly dexamethasone and prednisone were mentioned when it comes to an 

insatiable appetite and binge eating:

“I have the feeling that the signal between her head and tummy is just turned 

off” (mother of 8-year old girl)

�ڑىǼȉȯƲڑǳȉɅڑƇڑلǳȉɅڑƇڑƇɅƲڑUڑƤȉɍȯȷƲȷڑɅɦȉڑȯȷɅ˶ڑɅǕƲڑɍȯǛǾǍ%ٲɍɅڑɅǕƇɅٵȷڑƣƲƤƇɍȷƲڑȉǌڑɅǕƲڑ

prednisone, you’re much hungrier then” (boy, 17 years)

DISCUSSION

This qualitative study provided an in-depth exploration of how children with 

cancer experience changes in taste and smell, but also eating behavior, and 

the impact these changes have on their daily lives. As expected, most children 

reported experiencing taste and smell changes right after the start of treatment, 

ƣɍɅ٪ƤǕƇǾǍƲȷ٪ɥƇȯǛƲƫ٪ǍȯƲƇɅǳɬ٪ƣƲɅɦƲƲǾ٪ƤǕǛǳƫȯƲǾ؛٪ɅǕƇɅ٪ Ǜȷؙ٪ȷȉǼƲ٪ȯƲȬȉȯɅƲƫ٪ƤǕƇǾǍƲȷ٪ǛǾ٪

ǛǾɅƲǾȷǛɅɬ٪حǛǾƤȯƲƇȷƲƫ٪ȉȯ٪ƫƲƤȯƲƇȷƲƫؙخ٪ɦǕƲȯƲƇȷ٪ȉɅǕƲȯȷ٪ȯƲȬȉȯɅƲƫ٪ƫǛǌǌƲȯƲǾɅ٪ȬƲȯƤƲȬɅǛȉǾȷ٪

or preferences. Taste and smell changes often affect the daily lives of children with 

cancer, with these changes commonly described as “disappointing”, “frustrating” or 

٪ƲؘǍؘؙ٪ǼƲɅǕȉɅȯƲɫƇɅƲؙح٪UǾɅƲȯƲȷɅǛǾǍǳɬؙ٪ȬƇȯɅǛƤɍǳƇȯ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ƇǍƲǾɅȷ٪ؘهƇǾǾȉɬǛǾǍن

ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷخ٪ɦƲȯƲ٪ ǌȯƲȮɍƲǾɅǳɬ٪ǼƲǾɅǛȉǾƲƫ٪ȯƲǍƇȯƫǛǾǍ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷؙ٪

ȬȯȉǼȬɅǛǾǍ٪ȷƲǾȷȉȯɬعȷȬƲƤǛ˚Ƥ٪ƤȉȬǛǾǍ٪ȷɅȯƇɅƲǍǛƲȷؘ٪�ǕǛǳƫȯƲǾىȷ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯ٪ƤǕƇǾǍƲƫ٪

in terms of alterations in food liking and appetite, sometimes due to chemosensory 

ƤǕƇǾǍƲȷؙ٪ƣɍɅ٪ƤǕǛǳƫȯƲǾ٪Ƈǳȷȉ٪ǼƲǾɅǛȉǾƲƫ٪ȷȬƲƤǛ˚Ƥ٪ǼƲƫǛƤƇɅǛȉǾ٪ȉȯ٪ǕȉȷȬǛɅƇǳ٪ǌȉȉƫ٪ƣƲǛǾǍ٪

responsible for their altered eating behavior.

In our study, taste changes were heterogeneously experienced and described by 

children with cancer. This is in accordance with a previous qualitative study, in which 

pediatric patients noted that food tasted “different” or “not right”, but could also be 

experienced in terms of food tasting “bland” while others experienced more extreme 

˛Ƈɥȉȯȷ٪ 10. Like that study, taste changes were described to start with treatment 

initiation and coping strategies, such as sucking on candy, brushing teeth, and 

7
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modifying food choices, were mentioned by our patients as well. Although children 

with cancer try to resolve taste changes, the current study emphasizes that these 

changes seriously reduce food enjoyment and affect daily life in various ways. In 

contrast to the study from Loves and colleagues, we also investigated changes in 

smell which have been shown to have a major impact on the eating experience of 

children with cancer as well. Further research should focus on how children and 

parents want to be supported on this topic. Interestingly, a recent feasibility study 

investigating nutrition education and cooking workshops for families of children 

with cancer, showed that the workshop “changes in taste during cancer therapy” 

was most useful to parents 18ؘ٪½ǕǛȷ٪ɍǾƫƲȯȷƤȉȯƲȷ٪Ǖȉɦ٪ǼɍƤǕ٪ƫǛǌ˚ƤɍǳɅɬ٪ȬƇȯƲǾɅȷ٪ƇǾƫ٪

children have with taste changes and that providing ways to deal with these changes 

is very valuable.

�٪ȷǕǛǌɅ٪ǌȯȉǼ٪ȷɦƲƲɅ٪Ʌȉ٪ȷƇɥȉȯɬ٪ǌȉȉƫȷ٪ɦƇȷ٪Ƈ٪ƤȉǼǼȉǾ٪˚ǾƫǛǾǍ٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ǛǾ٪ȉɍȯ٪

study. Previous qualitative reports describe a similar pattern among children with 

cancer undergoing chemotherapy, in which children repeatedly indicated that they 

avoid chocolate and candy since the start of treatment 3, 10, 19. The mechanism for 

ȷɍƤǕ٪Ƈ٪ƤǕƇǾǍƲ٪ǛǾ٪ɅƇȷɅƲ٪ȬȯƲǌƲȯƲǾƤƲ٪حǌȯȉǼ٪ȷɦƲƲɅ٪Ʌȉ٪ȷƇɥȉȯɬخ٪Ǜȷ٪ǾȉɅ٪ƤǳƲƇȯؘ٪�٪ƤȉǼȬƇȯƇɅǛɥƲ٪

analysis exploring taste perception and food behavior among adults undergoing 

chemotherapy showed that a reduced sweet sensitivity is indeed most common, 

consequently affecting food intake 20. The authors suggest that sweet taste 

receptors might be more susceptible to chemotherapy or that neural responses 

to sweet ligands are altered. In contrast, increased sweet taste sensitivities have 

also been found in breast cancer patients and children with cancer undergoing 

chemotherapy, which may also explain why sweet dishes appear to be less preferred 

during chemotherapy 4, 21. Further research is needed to verify these changes in sweet 

preference and/or sensitivity in cancer patients receiving chemotherapy.

A follow-up study from Loves and colleagues among 108 pediatric cancer patients 

suggested that optimizing chemotherapy-induced nausea and vomiting control, 

but also mucositis prevention, may reduce taste changes 22. Children in our study 

also associate nausea and mucositis with changes in smell and taste, respectively. 

Interestingly, nausea was explicitly mentioned in relation to smell. That is, smells from 

food might cause nausea or exacerbate existing nausea, which in turn leads to the 

child not wanting to eat. Adequate symptom management might help in the case 

ȉǌ٪ƲɫǛȷɅǛǾǍ٪ǾƇɍȷƲƇؙ٪ƣɍɅ٪ǼǛǍǕɅ٪ǾȉɅ٪ƣƲ٪Ƈ٪ȷȉǳɍɅǛȉǾ٪ǌȉȯ٪ǾƇɍȷƲƇ٪ǛǾƫɍƤƲƫ٪ƣɬ٪حǌȉȉƫخ٪ȉƫȉȯȷ٪
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that can appear at any time. The question however is, whether an intervention to 

ƤȉǾɅȯȉǳ٪ǾƇɍȷƲƇ٪ǛǼȬȯȉɥƲ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪حǛǾ٪ɅƲȯǼȷ٪ȉǌ٪ǛǾƤȯƲƇȷƲƫ٪ȉȯ٪ƫƲƤȯƲƇȷƲƫ٪ȷƲǾȷǛɅǛɥǛɅɬخ٪

ȉȯ٪ȯƇɅǕƲȯ٪ȬȯƲɥƲǾɅ٪Ƈ٪ƤǕǛǳƫ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ǌȯȉǼ٪ƤȉǾƫǛɅǛȉǾƲƫ٪ɅƇȷɅƲ٪ƇɥƲȯȷǛȉǾȷ٪ح�٪UɅ٪ؘخ�½ Ǜȷ٪

ɦƲǳǳعǯǾȉɦǾ٪ɅǕƇɅ٪ǾƇɍȷƲƇ٪ƤƇǾ٪ȯƲǛǾǌȉȯƤƲ٪Ƈ٪ȷɅȯȉǾǍ٪ƇɥƲȯȷǛȉǾ٪ǌȉȯ٪Ƈ٪ǌȉȉƫ٪ȷɅǛǼɍǳɍȷ٪حǛɅȷ٪ȷǼƲǳǳ٪

ƇǾƫإȉȯ٪ɅƇȷɅƲؙخ٪ƇǳǳȉɦǛǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪Ʌȉ٪ƫƲɥƲǳȉȬ٪Ƈ٪�½�٪23. This too highlights 

the importance of exploring not only taste changes, but also smell sensitivity, during 

treatment with chemotherapy.

UǾ٪ǍƲǾƲȯƇǳؙ٪ƲɫɅȯƲǼƲ٪ȷƲǾȷǛɅǛɥǛɅǛƲȷ٪ Ʌȉ٪ȷȬƲƤǛ˚Ƥ٪ȉƫȉȯƇǾɅȷ٪ȷɍƤǕ٪Ƈȷ٪ȬƲȯǌɍǼƲؙ٪ƤǳƲƇǾǛǾǍ٪

solutions, food cooking, and hand sanitizer have been reported by adult cancer 

patients receiving cancer treatment 11. Children in our study gave similar examples 

of unpleasant smells they had experienced during treatment, but also frequently 

noted that they were much more likely to perceive their own body odor – or someone 

else’s – than they were used to before chemotherapy. Further research should clarify 

if corticosteroids might cause these alterations or heightened sensitivity, as some 

children and parents indicated. The impact of smell changes is most apparent 

around meals. In contrast to adults, children with cancer did not talk about its social 

implications such as the inability to eat with family and friends 13, 24. However, they 

do use coping strategies such as the elimination of strong-smelling foods or eating 

in another room to deal with this unpleasant situation.

Applying thematic analysis as a method to explore the experiences of children 

with cancer undergoing chemotherapy resulted in a rich description of food-

related changes and its impact on children’s daily lives. This study also includes 

a broad range of experiences, as we did not purposefully select participants who 

ȯƲȬȉȯɅƲƫ٪ȷǼƲǳǳ٪ȉȯ٪ ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ƣƲǌȉȯƲؘ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ ɅǕǛȷ٪ Ǜȷ٪ ɅǕƲ٪˚ȯȷɅ٪ȷɅɍƫɬ٪ɅǕƇɅ٪

explores children’s experiences with changes in smell during treatment with 

chemotherapy. Like taste changes, changes in smell also have a major impact on 

the eating experience and social lives of children with cancer, which requires more 

attention in the future. Moreover, a relatively large number of children participated 

ǛǾ٪ɅǕǛȷ٪ȷɅɍƫɬ٪ƇɅ٪ɅǕƲ٪ȷƇǼƲ٪ɅǛǼƲ٪ȬȉǛǾɅ٪ǛǾ٪ɅǕƲǛȯ٪ɅȯƲƇɅǼƲǾɅؘ٪OȉɦƲɥƲȯؙ٪ȉɍȯ٪˚ǾƫǛǾǍȷ٪ǼɍȷɅ٪

be interpreted in the light of several study limitations. Similar to adults, children 

in the current study frequently confused the concepts of taste and smell. This is 

the result of inductive analysis where we wanted to have an open view on how 

children themselves describe their chemosensory disorders. However, explaining 

ɅǕƲ٪ƫƲ˚ǾǛɅǛȉǾȷ٪ȉǌ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪Ƥȉɍǳƫ٪ǕƇɥƲ٪ǌƇƤǛǳǛɅƇɅƲƫ٪ɅǕƲ٪ǛǾɅƲȯȬȯƲɅƇɅǛȉǾ٪ȉǌ٪ɅǕƲ٪

7
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results. Moreover, childhood cancer represents a heterogeneous set of diseases 

among children of various ages. Nevertheless, the majority of our participants 

were children with hematological malignancies, which may have consequences for 

drawing general conclusions. In addition to this qualitative study, changes in taste 

and smell need further investigation through quantitative measurements, including 

its consequences regarding nutritional status and quality of life.

CONCLUSIONS

UǾ٪ƤȉǾƤǳɍȷǛȉǾؙ٪ȉɍȯ٪̊ ǾƫǛǾǍȷ٪ȷǕȉɦ٪ɅǕƇɅ٪ƣȉɅǕ٪ɅƇȷɅƲ٪ƇǾƫ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ƇȯƲ٪ǕǛǍǕǳɬ٪ȬȯƲɥƇǳƲǾɅ٪

and diverse in children with cancer receiving chemotherapy, but are generally 

considered bothersome treatment symptoms. Ways to cope with these changes 

ɦƲȯƲ٪ƲɫɅƲǾȷǛɥƲǳɬ٪ƫƲȷƤȯǛƣƲƫؙ٪ǛǾƤǳɍƫǛǾǍ٪ƇƫƫǛǾǍ٪حȷɅȯȉǾǍخ٪˛Ƈɥȉȯȷ٪ȉȯ٪ƤȉɥƲȯǛǾǍ٪ɍǾȬǳƲƇȷƇǾɅ٪

smells for taste and smell changes, respectively. Future research should explore ways 

to manage taste and smell changes in children with cancer undergoing chemotherapy. 

UǾ٪ɅǕƲ٪ǼƲƇǾɅǛǼƲؙ٪ƤɍȯȯƲǾɅ٪˚ǾƫǛǾǍȷ٪ƤƇǾ٪ƣƲ٪ɍȷƲƫ٪Ʌȉ٪ǛǼȬȯȉɥƲ٪ȬƇɅǛƲǾɅعƤƲǾɅƲȯƲƫ٪ƤƇȯƲؘ
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Chapter 7

¯Ä¤¤j-t-v½٪ֿؚ٪Uv½-§ÜU-Ý٪GÄU%-٪¯-v¯�§ã׀ف

Introduction (grand-tour question)

Think of your favorite foods. What would you like to eat at the moment?

Part 1: taste

• What do you think of when you hear the word “taste”?

• Have you noticed that certain foods taste differently or that your taste has 

changed with receiving chemotherapy?

٪ب ¤ȯȉǼȬɅȷؚ٪ɦǕƇɅ٪ƲɫƇƤɅǳɬ٪ƤǕƇǾǍƲƫح٪؟ǳȉȷȷ٪ȉǌ٪ɅƇȷɅƲؙ٪ƤǕƇǾǍƲ٪ȉǌ٪ǛǾɅƲǾȷǛɅɬ٪ȉȯ٪ȮɍƇǳǛɅɬؙ٪

ȉȯ٪ȉɅǕƲȯɦǛȷƲخ

• Have you noticed that you now like certain foods more – or less?

٪ب ¤ȯȉǼȬɅȷؚ٪ɦǕƇɅ٪ƫȉ٪ɬȉɍ٪ǳǛǯƲ٪حȉȯ٪ƫǛȷǳǛǯƲخ٪ƇƣȉɍɅ٪ǛɅ؟٪Oȉɦ٪ƫǛƫ٪ǛɅ٪ǕƇȬȬƲǾ؟

•٪ �ƇǾ٪ɬȉɍ٪ɅƲǳǳ٪ǼƲ٪ɦǕƲǾ٪ɬȉɍ٪˚ȯȷɅ٪ǾȉɅǛƤƲƫ٪ɅǕǛȷ؟

• Can you tell me when this is most noticeable or what makes it worse?

٪ب ¤ȯȉǼȬɅȷؚ٪ƣƲǌȉȯƲإƫɍȯǛǾǍإƇǌɅƲȯ٪ƤǕƲǼȉɅǕƲȯƇȬɬ؟٪§ƲǳƇɅƲƫ٪Ʌȉ٪ǳȉƤƇɅǛȉǾ٪حǕȉȷȬǛɅƇǳإ

ǕȉǼƲ٪ȷƲɅɅǛǾǍ؟خ

• Thinking of your changes in taste, how did these changes affect you?

٪ب ¤ȯȉǼȬɅȷؚ٪Ǖȉɦ٪ƫȉ٪ɬȉɍ٪ǾȉɅǛƤƲ٪ ɅǕȉȷƲ٪ƤǕƇǾǍƲȷ٪ƲɥƲȯɬƫƇɬ؟٪ÝǕƇɅ٪ƫȉ٪ɬȉɍ٪˚Ǿƫ٪

ƫǛǌ˚ƤɍǳɅإȷɅɍȬǛƫإǌɍǾ٪ƇƣȉɍɅ٪ǛɅ؟

• Have you tried any strategies to make the taste changes less annoying or 

bothersome?

?Prompts: did you change your diet? If so, what foods do you eat more/less ب

•٪ %ȉ٪ɬȉɍ٪ƲɥƲȯ٪ǕƇɥƲ٪Ƈ٪حƣƇƫخ٪ɅƇȷɅƲ٪ǛǾ٪ɬȉɍȯ٪ǼȉɍɅǕ٪ƲɥƲǾ٪ɦǕƲǾ٪ɬȉɍ٪ƇȯƲ٪ǾȉɅ٪ƲƇɅǛǾǍ؟

?Prompts: how would you describe this taste ب

Part 2: smell

• Have you noticed that your smell has changed with receiving chemotherapy?

٪٪ب ¤ȯȉǼȬɅȷؚ٪ɦǕƇɅ٪ƲɫƇƤɅǳɬ٪ǕƇȷ٪ƤǕƇǾǍƲƫح٪؟ǳȉȷȷ٪ȉǌ٪ȷǼƲǳǳؙ٪ƤǕƇǾǍƲ٪ȉǌ٪ ǛǾɅƲǾȷǛɅɬ٪ȉȯ٪

ȮɍƇǳǛɅɬؙ٪ǕƲƫȉǾǛƤȷإƇɥƲȯȷǛȉǾȷؙ٪ȉȯ٪ȉɅǕƲȯɦǛȷƲخ

•  �ƇǾ٪ɬȉɍ٪ɅƲǳǳ٪ǼƲ٪ɦǕƲǾ٪ɬȉɍ٪˚ȯȷɅ٪ǾȉɅǛƤƲƫ٪ɅǕǛȷ؟

•  Can you tell me when this is most noticeable or what makes it worse?

٪٪ب ¤ȯȉǼȬɅȷؚ٪ƣƲǌȉȯƲإƫɍȯǛǾǍإƇǌɅƲȯ٪ƤǕƲǼȉɅǕƲȯƇȬɬ؟٪§ƲǳƇɅƲƫ٪Ʌȉ٪ǳȉƤƇɅǛȉǾ٪حǕȉȷȬǛɅƇǳإ

ǕȉǼƲ٪ȷƲɅɅǛǾǍ؟خ
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•  Thinking of your changes in smell, how did these changes affect you?

٪٪ب ¤ȯȉǼȬɅȷؚ٪Ǖȉɦ٪ƫȉ٪ɬȉɍ٪ǾȉɅǛƤƲ٪ɅǕȉȷƲ٪ƤǕƇǾǍƲȷ٪ƲɥƲȯɬ٪ƫƇɬ؟٪ÝǕƇɅ٪ƫȉ٪ɬȉɍ٪˚Ǿƫ٪

ƫǛǌ˚ƤɍǳɅإȷɅɍȬǛƫإǌɍǾ٪ƇƣȉɍɅ٪ǛɅ؟

•  Have you tried any strategies to make the smell changes less annoying or 

bothersome?

Closing questions

•  Is there anything else about your smell and taste changes that you feel we didn’t 

talk about?

•  Do you have any advice for the Princess Máxima Center? For example, should we 

ȬƇɬ٪ǼȉȯƲ٪ƇɅɅƲǾɅǛȉǾ٪Ʌȉ٪ƤƲȯɅƇǛǾ٪ǌȉȉƫȷؙ٪حǕȉȷȬǛɅƇǳخ٪ȷǼƲǳǳȷؙ٪ƲɅ٪ƤƲɅƲȯƇ؟

7
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Summary and general discussion
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Chapter 8

Changes in smell and taste during treatment with chemotherapy are well-

known problems in adult cancer patients. However, little was known if and how 

chemotherapy impacts smell and taste function in children with cancer. Therefore, 

the general aim of the present dissertation was to assess smell and taste function 

in children with cancer receiving treatment. Do smell and taste typically change 

during treatment, and if so, how bothersome are these treatment symptoms? 

Are experienced changes in smell and taste associated with eating problems? To 

ƇǾȷɦƲȯ٪ɅǕƲȷƲ٪ȮɍƲȷɅǛȉǾȷ٪حƇǾƫ٪ǼȉȯƲؙخ٪ǛɅ٪ɦƇȷ٪˚ȯȷɅ٪ǾƲƤƲȷȷƇȯɬ٪Ʌȉ٪ǍƇǛǾ٪ǌɍȯɅǕƲȯ٪ǛǾȷǛǍǕɅ٪ǛǾɅȉ٪

ƤǕǛǳƫȯƲǾىȷ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؙ٪Ǖȉɦ٪ǛɅ٪ƫƲɥƲǳȉȬȷؙ٪ƇǾƫ٪Ǖȉɦ٪Ʌȉ٪ǼƲƇȷɍȯƲ٪ǛɅ٪حƤǕƇȬɅƲȯȷ٪׀٪ƇǾƫ٪ׁؘخ٪

Next, I studied smell and taste function in children with cancer through analyzing 

questionnaire data, measuring smell and taste function, and interviewing childhood 

ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪حƤǕƇȬɅƲȯȷ٪ׂ٪ؘخׅ٪ػ

UǾ٪ ɅǕǛȷ٪ ƤǕƇȬɅƲȯؙ٪ U٪ ɦǛǳǳ٪ ˚ȯȷɅ٪ ǍǛɥƲ٪ ƇǾ٪ ȉɥƲȯɥǛƲɦ٪ ȉǌ٪ ɅǕƲ٪ǼƇǛǾ٪ ˚ǾƫǛǾǍȷ٪ ǛǾ٪ ɅǕǛȷ٪ ɅǕƲȷǛȷؘ٪

¯ɍƣȷƲȮɍƲǾɅǳɬؙ٪ɅǕƲ٪˚ǾƫǛǾǍȷ٪ȯƲǍƇȯƫǛǾǍ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪

cancer are discussed in the wider context of previous research. Next, implications 

ȉǌ٪ɅǕƲ٪ǼƇǛǾ٪˚ǾƫǛǾǍȷ٪ǌȉȯ٪ƣȉɅǕ٪ȯƲȷƲƇȯƤǕ٪ƇǾƫ٪ƤǳǛǾǛƤƇǳ٪ȬȯƇƤɅǛƤƲ٪ƇȯƲ٪ƫǛȷƤɍȷȷƲƫؙ٪ƇǾƫ٪ɅǕƲ٪

methodological strengths and limitations are considered. Finally, I conclude that 

changes in smell and taste are prevalent, bothersome, and relevant but that these 

changes can include either increased or decreased chemosensory function.

SUMMARY OF MAIN FINDINGS

Chapter 2 reviews available evidence regarding taste dysfunction in children and 

methods for assessing such taste dysfunction. The review indicates that there is clear 

ƲɥǛƫƲǾƤƲ٪ǌȉȯ٪ɥƇȯǛȉɍȷ٪ǼƲƫǛƤƇǳ٪ƤȉǾƫǛɅǛȉǾȷ٪حƲؘǍؘؙ٪ƤɬȷɅǛƤ٪˚ƣȯȉȷǛȷؙ٪ƫǛƇƣƲɅƲȷ٪ǼƲǳǳǛɅɍȷؙ٪ǯǛƫǾƲɬ٪

ƫǛȷƲƇȷƲؙ٪ƇɍɅǛȷǼؙ٪ƇȷɅǕǼƇؙ٪ƲɅ٪ƤƲɅƲȯƇخ٪ǾƲǍƇɅǛɥƲǳɬ٪ƇǌǌƲƤɅǛǾǍ٪ƤǕǛǳƫȯƲǾىȷ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪

However, the number of tools to adequately measure taste function in a pediatric 

clinical setting was small. Most studies reporting taste dysfunction in pediatric 

patients relied on taste tests conducted in controlled laboratory settings, tests that 

ƇȯƲ٪ǳƇȯǍƲǳɬ٪ɍǾȷɍǛɅƇƣǳƲ٪ǌȉȯ٪ȬȉǛǾɅعȉǌعƤƇȯƲ٪حȉȯ٪ƣƲƫȷǛƫƲخ٪ɅƲȷɅǛǾǍؘ٪�Ǿǳɬ٪ȉǾƲ٪ȷɅƇǾƫƇȯƫǛɶƲƫ٪

ƇǾƫ٪ƤȉǼǼƲȯƤǛƇǳǳɬ٪ƇɥƇǛǳƇƣǳƲ٪ɅƇȷɅƲ٪ɅƲȷɅ٪حǛؘƲؘؙ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷ؛ه٪�ɍȯǍǕƇȯɅؙ٪ÝƲƫƲǳؙ٪GƲȯǼƇǾɬخ٪

that can be used in a pediatric clinical setting was found, although it lacked age-

related normative data 1.
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Summary and general discussion

In Chapter 3ؙ٪ɦƲ٪ǼƲƇȷɍȯƲƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪Ƈ٪ǳƇȯǍƲ٪ƤȉǕȉȯɅ٪ȉǌ٪ǕƲƇǳɅǕɬ٪ƤǕǛǳƫȯƲǾ٪حƇǍƲƫ٪

٪ȯƲǳƇɅƲƫ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ǌȉȯعɍȷǛǾǍ٪ɅǕƲ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ɅƲȷɅ٪Ʌȉ٪ȉƣɅƇǛǾ٪ƇǍƲ٪خɬƲƇȯȷ٪׃ֿ٪ػ٪ׄ

ɅǕǛȷ٪ɅƲȷɅؘ٪ن½ƇȷɅƲ٪¯ɅȯǛȬȷه٪ƇȯƲ٪˚ǳɅƲȯعȬƇȬƲȯ٪ȷɅȯǛȬȷ٪ǛǼȬȯƲǍǾƇɅƲƫ٪ɦǛɅǕ٪Ƈ٪ɅƇȷɅƲ٪ȷȉǳɍɅǛȉǾ٪Ʌȉ٪

determine sweet, sour, salty, and bitter taste scores, using four concentrations of 

each taste quality. This chapter further describes the association of age, gender, 

ƇǾƫ٪¤§�¤٪ɅƇȷɅƲȯ٪ȷɅƇɅɍȷ٪ɦǛɅǕ٪ƤǕǛǳƫȯƲǾىȷ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪حƇȷ٪ǼƲƇȷɍȯƲƫ٪ɦǛɅǕ٪ɅǕƲ٪½ƇȷɅƲ٪

¯ɅȯǛȬȷ٪ɅƲȷɅؘخ

We found that taste function increases with age, which allowed us for distinguishing 

ɅǕȯƲƲ٪ǼƲƇǾǛǾǍǌɍǳ٪ƇǍƲ٪ǍȯȉɍȬȷ٪ػ٪ׄح٪ ٪FɍȯɅǕƲȯؙ٪ɅǕƲ٪ɅȉɅƇǳ٪½ƇȷɅƲ٪ؘخɬƲƇȯȷ٪׃ֿ٪ػ٪־ֿ٪ƇǾƫ٪ׇؙ٪ػ٪׆٪ؙׅ

Strips score was higher in girls compared to boys. This study then resulted in age- 

ƇǾƫ٪ȷƲɫعȷȬƲƤǛ˚Ƥ٪ƤɍɅعȉǌǌ٪ɥƇǳɍƲȷ٪ǌȉȯ٪ɅǕƲ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ɅƲȷɅ٪ȷƤȉȯƲȷ٪Ʌȉ٪ƫǛȷɅǛǾǍɍǛȷǕ٪ƤǕǛǳƫȯƲǾىȷ٪

normal taste function from a reduced sense of taste using the 10th percentile, thereby 

extending the utility of the Taste Strips test to children in a clinical setting. In addition, 

ɅǕǛȷ٪ȷɅɍƫɬ٪ȯƲɥƲƇǳƲƫ٪ɅǕƇɅ٪¤§�¤عɅƇȷɅƲȯȷ٪حȷȉǼƲɅǛǼƲȷ٪ȯƲǌƲȯȯƲƫ٪Ʌȉ٪Ƈȷ٪ȷɍȬƲȯɅƇȷɅƲȯȷخ٪ǕƇƫ٪

higher Taste Strips scores compared to non-tasters, which might indicate the validity 

of the Taste Strips test when measuring taste function in children. However, children’s 

self-reported impression of how well they can taste did not correlate with the Taste 

Strips scores 2.

The study described in Chapter 4 ǛƫƲǾɅǛ˚Ʋƫ٪ɅǕƲ٪ȬȯƲȷƲǾƤƲ٪ƇǾƫ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ǾƇɍȷƲƇ٪ƇǾƫ٪

ǾƇɍȷƲƇعȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪

ƇǾƫ٪ǛɅȷ٪ȯƲǳƇɅǛȉǾȷǕǛȬ٪ɦǛɅǕ٪ǕƲƇǳɅǕعȯƲǳƇɅƲƫ٪ȮɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ٪حO§¦ȉjؘخ٪UǾ٪ƇƫƫǛɅǛȉǾؙ٪ȬȉɅƲǾɅǛƇǳ٪

risk factors for the outcomes of interest were described. For this study, retrospective 

ƫƇɅƇ٪ȉǌ٪ɅǕƲ٪¤Ʋƫȷ¦j٪�ƇǾƤƲȯ٪tȉƫɍǳƲ٪حǛؘƲؘؙ٪ǾƇɍȷƲƇؙ٪ȬƇǛǾؙ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬؙ٪ƇǾƫ٪ɦȉȯȯɬ٪

ȷƤƇǳƲȷخ٪ƇǾƫ٪¤Ʋƫȷ¦j٪ׂؘ־٪GƲǾƲȯǛƤ٪�ȉȯƲ٪¯ƤƇǳƲȷ٪حǍƲǾƲȯǛƤ٪ɅȉɅƇǳ٪O§¦ȉj٪ȷƤȉȯƲخ٪ɦƇȷ٪ƇɥƇǛǳƇƣǳƲ٪

ǌȯȉǼ٪ׅ ٪ǕƲȷƲ٪ȮɍƲȷɅǛȉǾǾƇǛȯƲȷ٪ƇȯƲ٪ȉǌǌƲȯƲƫ٪ƲɥƲȯɬ½٪ؘخɬƲƇȯȷ٪ȉǳƫ٪ֿ׀٪ƇǾƫ٪׀٪ƣƲɅɦƲƲǾح٪ȬƇɅǛƲǾɅȷ٪ֿ׆

three months during treatment prior to a doctor’s appointment in the outpatient 

ƤǳǛǾǛƤؙ٪ɍȷǛǾǍ٪ɅǕƲ٪ȉǾǳǛǾƲ٪ȬȉȯɅƇǳ٪gjUg٪حgɦƇǳǛɅƲǛɅ٪ɥƇǾ٪jƲɥƲǾ٪UǾ٪gƇƇȯɅؙ٪%ɍɅƤǕ٪ƇƤȯȉǾɬǼ٪ǌȉȯ٪

¦ɍƇǳǛɅɬ٪ȉǌ٪jǛǌƲ٪ǛǾ٪�ǳǛǾǛƤƇǳ٪¤ȯƇƤɅǛƤƲؘخ٪Fȉȯ٪ɅǕǛȷ٪ȷɅɍƫɬؙ٪ɦƲ٪ǌȉƤɍȷƲƫ٪ȉǾ٪ƫƇɅƇ٪ǌȯȉǼ٪ɅǕƲ٪ǾƇɍȷƲƇ٪

scale which consist of the following items assessing nausea-related symptoms: 

nausea during medical treatment, food not tasting good, nausea while thinking of 

medical treatment, being too nauseous to eat, and nausea caused by food/smells. 

%ƇɅƇ٪ǛǾƤǳɍƫƲƫ٪ȬȯȉɫɬعȯƲȬȉȯɅ٪حǛؘƲؘؙ٪ȬƇȯƲǾɅ٪ȯƲȬȉȯɅ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ع٪׀٪ׅ ٪ɬƲƇȯȷ٪ȉǳƫخ٪ȉȯ٪ȷƲǳǌعȯƲȬȉȯɅ٪

ؘخɬƲƇȯȷ٪ȉǳƫ٪ׅ٪ڑ٪ǛؘƲؘؙ٪ƤǕǛǳƫȯƲǾح

8
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Chapter 8

The presence of nausea during medical treatment was highest at 6 months after 

diagnosis. The symptom “food not tasting good” was reported most frequently 

٪ؘخڤֿؘ׆ׂعڤׁׁؘׄ٪ȯƇǾǍƲح٪هȷǼƲǳǳȷإǾƇɍȷƲƇ٪ƤƇɍȷƲƫ٪ƣɬ٪ǌȉȉƫن٪ǌȉǳǳȉɦƲƫ٪ƣɬ٪ؙخڤ׆ؘ׀ׄعڤֿؘׄ׃٪ȯƇǾǍƲح

¤ƇǛǾؙ٪ɅȯƲƇɅǼƲǾɅ٪ƇǾɫǛƲɅɬؙ٪ƇǾƫ٪ɦȉȯȯɬ٪ɦƲȯƲ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ȯƲȬȉȯɅƲƫ٪ǾƇɍȷƲƇ٪

in all children. Additionally, male gender, a solid tumor, and BMI were associated with 

self-reported nausea in patients aged 8-21 years. Lastly, the occurrence of nausea-

ȯƲǳƇɅƲƫ٪ȷɬǼȬɅȉǼȷ٪ɦƇȷ٪ǾƲǍƇɅǛɥƲǳɬ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ƇɥƲȯƇǍƲ٪O§¦ȉj٪ȷƤȉȯƲȷؘ٪UǾ٪ȉɅǕƲȯ٪

words, experienced nausea – especially in relation to tasting and smelling food – is 

common and negatively impacts quality of life in children with cancer 3.

Next, in Chapter 5ؙ٪ɦƲ٪ƲɫȬǳȉȯƲƫ٪ǌƲƇȷǛƣǛǳǛɅɬ٪ȉǌ٪ȬȷɬƤǕȉȬǕɬȷǛƤƇǳ٪ȷǼƲǳǳ٪حǛؘƲؘؙ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷؚ٪

ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫؙ٪ƫǛȷƤȯǛǼǛǾƇɅǛȉǾؙ٪ƇǾƫ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƇȷǯȷخ٪ƇǾƫ٪ɅƇȷɅƲ٪حǛؘƲؘؙ٪½ƇȷɅƲ٪¯ɅȯǛȬȷؙ٪

ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬخ٪ǼƲƇȷɍȯƲǼƲǾɅȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ٪UǾ٪ƇƫƫǛɅǛȉǾ٪Ʌȉ٪ǌƲƇȷǛƣǛǳǛɅɬؙ٪ɦƲ٪

investigated smell and taste function before and after a cycle of chemotherapy and 

compared results with healthy controls. Also, eating behavior was assessed using 

ɅǕƲ٪�ƲǕƇɥǛȉȯƇǳ٪¤ƲƫǛƇɅȯǛƤȷ٪FƲƲƫǛǾǍ٪�ȷȷƲȷȷǼƲǾɅ٪¯ƤƇǳƲ٪ح�¤F�¯ؘخ٪½ǕǛȯɅɬعȉǾƲ٪ƤǕǛǳƫȯƲǾ٪

ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƇǾƫ٪ׂ׀٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷ٪حȷǛƣǳǛǾǍ٪ȉȯ٪ǌȯǛƲǾƫخ٪ƣƲɅɦƲƲǾ٪ׄ٪ƇǾƫ٪ֿ׆٪ɬƲƇȯȷ٪ȉǳƫ٪

participated in this study.

First, we found that the assessment of smell and taste function was feasible in 

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪حǛؘƲؘؙ٪ƤȉǼȬǳƲɅǛȉǾ٪ȉǌ٪ɅƲȷɅȷ٪ƣɬ٪ڤ־ׄ٪ړ٪ȉǌ٪ɅǕƲ٪ȬƇɅǛƲǾɅȷؙخ٪ƇǳɅǕȉɍǍǕ٪

ȷȉǼƲ٪ƇƫƇȬɅǛȉǾȷ٪حǛؘƲؘؙ٪ȉǼǛɅɅǛǾǍ٪ȬƇȬǛǳǳƇƲ٪ƫƲǾȷǛɅɬ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ƇǾƫ٪ȉƫȉȯ٪ƫǛȷƤȯǛǼǛǾƇɅǛȉǾ٪

ɅƲȷɅخ٪ɦƲȯƲ٪ƫƲƲǼƲƫ٪ȉȬȬȉȯɅɍǾƲ٪ǌȉȯ٪ǌɍɅɍȯƲ٪ȷɅɍƫǛƲȷ٪Ʌȉ٪ǳǛǼǛɅ٪ɅǕƲ٪ȯǛȷǯ٪ȉǌ٪ȉɥƲȯǳɬ٪ƣɍȯƫƲǾǛǾǍ٪

children. Second, we compared smell and taste function before and after a cycle of 

chemotherapy and found taste function to be increased in childhood cancer patients, 

especially for sweet and bitter taste. Thirdly, results were compared against smell 

and taste scores of healthy controls, showing that the group of children with cancer 

ǕƇƫ٪ǳȉɦƲȯ٪ȷǼƲǳǳ٪ɅǕȯƲȷǕȉǳƫȷ٪حǛؘƲؘؙ٪ǕǛǍǕƲȯ٪ȷƲǾȷǛɅǛɥǛɅɬؘخ٪jƇȷɅǳɬؙ٪ɦƲ٪ǌȉɍǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪Ʌȉ٪

be correlated with eating behavior, but not with papillae density 4.

Chapter 6 describes a longitudinal study including a cohort of 94 children with cancer 

ׄ٪ƣƲɅɦƲƲǾح ٪ƇǾƫ٪ֿ ̄٪ɍǾƫƲȯǍȉǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘ٪خɬƲƇȯȷ٪ȉǳƫ٪׆ ǼƲǳǳ٪حǛؘƲؘؙ٪ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪ƇǾƫ٪

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾخ٪ƇǾƫ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ɦƲȯƲ٪ƇȷȷƲȷȷƲƫ٪ƇɅ٪ȷƲɥƲȯƇǳ٪ɅǛǼƲ٪ȬȉǛǾɅȷ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪

ɅȯƲƇɅǼƲǾɅ٪خ׀½ع־½ح٪ƇǾƫ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅǕƲ٪ǳƇȷɅ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ؘخׁ½ح٪UǾ٪ƤƇȷƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪

ɦǛɅǕ٪ƇƤɍɅƲ٪ǳɬǼȬǕȉƣǳƇȷɅǛƤ٪ǳƲɍǯƲǼǛƇ٪ح�jjؙخ٪ɅǕƲ٪ǳƇȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ƇɅ٪½ׁ٪ɦƇȷ٪ȬƲȯǌȉȯǼƲƫ٪

during the so-called maintenance phase when children receive a much gentler form 
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Summary and general discussion

ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حɅɬȬǛƤƇǳǳɬ٪ƤȉǼȬȯǛȷǛǾǍ٪ȉȯƇǳ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲ٪ƇǾƫ٪ǼƲɅǕȉɅȯƲɫƇɅƲخ٪ɅǕƇɅ٪

does not require hospital admissions. The aim of this study was to determine the 

occurrence of smell and taste changes during treatment, whether they resolve after 

treatment, and to examine which factors are associated to these changes.

jǛǾƲƇȯ٪ǼǛɫƲƫ٪ǼȉƫƲǳȷ٪ȷǕȉɦƲƫ٪ɅǕƇɅ٪ȷǼƲǳǳ٪ ȷƲǾȷǛɅǛɥǛɅɬ٪ ٪ǛؘƲؘؙ٪ȉƫȉȯح ɅǕȯƲȷǕȉǳƫخ٪ƫǛƫ٪ǾȉɅ٪

ƤǕƇǾǍƲ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ƣɍɅ٪ƫƲƤȯƲƇȷƲƫ٪ǛǾ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪حƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪

�jjؘخ٪½ǕƲ٪ȬȯȉȬȉȯɅǛȉǾ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ȷǕȉɦǛǾǍ٪ǾȉȯǼƇǳ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ɦƇȷ٪ǾȉɅ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪

different from expected based on normative values. However, when comparing 

children with an increased, normal, or decreased smell sensitivity we found 

differences per diagnosis group, particularly children with myeloid malignancies 

and lymphoma showed an increased smell sensitivity, whereas a decreased smell 

sensitivity was hardly present among all diagnosis. Similarly, self-reported smell 

sensitivity was more often increased than decreased. Interestingly, of all children 

with an increased or decreased performance on either the odor threshold or odor 

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƲȷɅؙ٪ȉǾǳɬ٪Ƈ٪ǼǛǾȉȯǛɅɬ٪ȯƲȬȉȯɅƲƫ٪Ƈȷ٪ȷɍƤǕؘ٪�ƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƤǕƇǾǍƲƫ٪

neither during active treatment nor at T3 during maintenance phase or 3 months 

after treatment, but sex, age, and receiving vincristine were associated with odor 

ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇƣǛǳǛɅɬؘ

Taste Strips test scores did not change during active treatment but increased at T3 in 

ɅǕƲ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪حǌȉȯ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jjخ٪ȉȯ٪ׁ٪ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ɅǕƲ٪ǳƇȷɅ٪ƤɬƤǳƲ٪ȉǌ٪

ƤǕƲǼȉɅǕƲȯƇȬɬ٪حǌȉȯ٪ɅǕƲ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ǼɬƲǳȉǛƫ٪ǼƇǳǛǍǾƇǾƤǛƲȷؙ٪ǳɬǼȬǕȉǼƇؙ٪ȷȉǳǛƫ٪ɅɍǼȉȯؙ٪

ȉȯ٪ƣȯƇǛǾ٪ɅɍǼȉȯؘخ٪OȉɦƲɥƲȯؙ٪Ƈ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǳȉɦƲȯ٪ȬƲȯƤƲǾɅƇǍƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɅǕƇǾ٪ƲɫȬƲƤɅƲƫ٪

scored within a normal range of taste function measured throughout treatment, as 

taste loss was present among approximately 20% of all children with cancer, and in 

particular among children with lymphomas and solid tumors. This suggests that 

chemotherapy affects taste, especially considering that 3 months after the last 

chemotherapy and during maintenance phase the relative frequency of children 

with cancer having normal taste function no longer deviated from what one would 

expect based on established taste function in a general sample of children. Etoposide 

was found to be negatively associated with taste function, whereas mercaptopurine 

and corticosteroids were associated with higher taste sensitivity. Interestingly, self-

ȯƲȬȉȯɅƲƫ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ɦƲȯƲ٪ǼɍƤǕ٪ǼȉȯƲ٪ƤȉǼǼȉǾ٪حȯƇǾǍƲؚ٪ׄخڤ־׆٪ػ٪־٪ƇǾƫ٪ƇƫƫǛɅǛȉǾƇǳǳɬ٪

revealed that taste changes are most often described as “tastes being very different 

from before” rather than changes in sensitivity 5.

8
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Chapter 8

Finally, chapter 7 describes the results of a qualitative study. Although objectively 

measuring smell and taste changes is insightful, it does not elucidate what makes 

these changes so bothersome to children with cancer and what impact changes 

in smell and taste have on their daily lives. Therefore, children who already 

ȬƇȯɅǛƤǛȬƇɅƲƫ٪ǛǾ٪ɅǕƲ٪ǳȉǾǍǛɅɍƫǛǾƇǳ٪¯-v¯�§ã׀ع٪ȷɅɍƫɬ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ƤǕƇȬɅƲȯ٪ׄ٪ɦƲȯƲ٪ƇȷǯƲƫ٪

to be interviewed regarding their experiences with smell and taste changes during 

treatment. Semi-structured interviews were performed until data saturation was 

ƇƤǕǛƲɥƲƫ٪ǛǾ٪ƲƇƤǕ٪ƇǍƲ٪ǍȯȉɍȬ٪׀ֿ٪ػ٪ׄح٪ɬƲƇȯȷؙ٪ֿׁ٪ػ٪ֿׅ٪ɬƲƇȯȷؙخ٪ȯƲȷɍǳɅǛǾǍ٪ǛǾ٪ׅ׀٪ȬƇȯɅǛƤǛȬƇǾɅȷؘ٪

Interview data was analyzed through thematic analysis.

We found that changes in smell and taste were common and varied greatly between 

children. These changes were generally considered bothersome symptoms described 

as “disappointing” or frustrating”. Children reported various strategies for managing 

their smell and taste changes such as regularly brushing their teeth and avoiding or 

masking unpleasant smells. Regarding eating behavior, some children stated adding 

ȷɅȯȉǾǍ٪˛Ƈɥȉȯȷ٪Ʌȉ٪ɅǕƲǛȯ٪ǌȉȉƫؙ٪ȉȯ٪ǌȯƲȮɍƲǾɅǳɬ٪ɅȯɬǛǾǍ٪حǾƲɦخ٪ǌȉȉƫȷ٪6.

INCREASED OR DECREASED SENSITIVITY?

Changes in smell

In adults with cancer undergoing chemotherapy changes in odor thresholds were 

ƲǛɅǕƲȯ٪ǾȉɅ٪ǌȉɍǾƫ٪ȉȯ٪ȷǕȉɦǾ٪Ʌȉ٪ǛǾƤȯƲƇȷƲ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪حǛؘƲؘؙ٪ǼƲƇǾǛǾǍ٪ƫƲƤȯƲƇȷƲƫ٪

ȷƲǾȷǛɅǛɥǛɅɬ9ؘ-7٪خ٪�ƇȷƲƫ٪ȉǾ٪ɅǕƲȷƲ٪˚ǾƫǛǾǍȷؙ٪U٪ ǛǾǛɅǛƇǳǳɬ٪ǕɬȬȉɅǕƲȷǛɶƲƫ٪ɅǕƇɅ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪

cancer would have decreased smell sensitivity. However, smell loss was hardly 

present in children with cancer. In contrast, children with cancer’s sense of smell 

٪ƤǕƇȬɅƲȯح٪ɦƇȷ٪ǼȉȯƲ٪ȷƲǾȷǛɅǛɥƲ٪ɅǕƇǾ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ȉǌ٪ǕƲƇǳɅǕɬ٪ƤȉǾɅȯȉǳȷ٪خȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫح

٪ƇǾƫ٪ǼȉȯƲ٪ȷƲǾȷǛɅǛɥƲ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪ɅǕƇǾ٪ȉɍɅ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪ƇɅ٪ǳƲƇȷɅ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪خ׃

�jj٪ǛǾ٪ɅǕƲ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪حƤǕƇȬɅƲȯ٪ؘׄخ٪tȉȯƲȉɥƲȯؙ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪

ȷƲƲǼƲƫ٪Ʌȉ٪ǛǾƤȯƲƇȷƲ٪ȷǕȉȯɅǳɬ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حƤǕƇȬɅƲȯȷ٪׃٪ƇǾƫ٪ؘׄخ٪�ǕǛǳƫȯƲǾ٪

too often reported experiencing increased smell sensitivity rather than a loss of smell 

٪ǕƲ٪ȮɍƲȷɅǛȉǾ٪ƇȯǛȷƲȷ٪ɦǕƇɅ٪ǼƲƤǕƇǾǛȷǼȷ٪ǼǛǍǕɅ٪ƲɫȬǳƇǛǾ٪ȷǼƲǳǳ٪ƤǕƇǾǍƲȷ٪ǛǾ½٪ؘخׄ٪ƤǕƇȬɅƲȯح

children with cancer – changes that apparently contrast treatment effects on adult 

cancer patients’ sense of smell. These contrasting changes in smell might be due 

Ʌȉ٪ƇǍƲعȯƲǳƇɅƲƫ٪ǌƇƤɅȉȯȷ٪حƲؘǍؘؙ٪ǍȯȉɦɅǕ٪ƇǾƫ٪ƫƲɥƲǳȉȬǼƲǾɅؙخ٪ǳǛǌƲعȷɅɬǳƲ٪ȯƲǳƇɅƲƫ٪ǌƇƤɅȉȯȷ٪حƲؘǍؘؙ٪

ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪ɅǕƲ٪ȉƤƤɍȯȯƲǾƤƲ٪ȉǌ٪ȷǼȉǯǛǾǍ٪ƇǾƫ٪ȉɥƲȯɦƲǛǍǕɅإȉƣƲȷǛɅɬؙخ٪ȉȯ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪
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ɅȯƲƇɅǼƲǾɅ٪ȬȯȉɅȉƤȉǳ٪حƲؘǍؘؙ٪ƫǛǌǌƲȯƲǾƤƲȷ٪ǛǾ٪ƤɬɅȉɅȉɫǛƤ٪ƇǍƲǾɅȷؙ٪ȷɍȬȬȉȯɅǛɥƲ٪ǼƲƫǛƤƇɅǛȉǾؙ٪ƇǾƫ٪

ȉɥƲȯƇǳǳ٪ɅȯƲƇɅǼƲǾɅ٪ǛǾɅƲǾȷǛɅɬؘخ

Cell turnover and regeneration of the olfactory epithelium is known to decrease with 

aging 10, 11. Moreover, olfactory receptor cells are more susceptible to toxic substances 

at an older age 12. This was shown in a study in adults with gynecologic and breast 

ǼƇǳǛǍǾƇǾƤǛƲȷؙ٪ȷǕȉɦǛǾǍ٪ȉǳǌƇƤɅȉȯɬ٪ǌɍǾƤɅǛȉǾ٪Ʌȉ٪ƣƲ٪ǼȉȯƲ٪ƇǌǌƲƤɅƲƫ٪حǛؘƲؘؙ٪ƫƲƤȯƲƇȷƲƫ٪ȷǼƲǳǳ٪

ȷƲǾȷǛɅǛɥǛɅɬخ٪ ǛǾ٪ȉǳƫƲȯ٪ȬƇɅǛƲǾɅȷ٪ ٪ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ɬȉɍǾǍƲȯ٪ȬƇɅǛƲǾɅȷ٪خɬƲƇȯȷ٪ׂׄ٪ڑح ٪׃ׂ٪ػ٪־׀ح

ɬƲƇȯȷ7٪خ. Presumably, olfactory receptor cells are renewed more quickly in children, 

regardless of administration of chemotherapy, making children less susceptible to 

any treatment-induced smell loss compared to adults. However, that still does not 

fully explain why smell function appears to increase in children with cancer during 

chemotherapeutic treatment.

Another potential factor contributing to increased smell sensitivity is stress. It is 

well-known that the sense of smell is important for detecting potential danger. 

Physiological stress responses activate the hypothalamic–pituitary–adrenal axis, 

ǳƲƇƫǛǾǍ٪Ʌȉ٪ȷƲƤȯƲɅǛȉǾ٪ȉǌ٪ƤȉȯɅǛƤȉɅȯȉȬǕǛǾعȯƲǳƲƇȷǛǾǍ٪ǕȉȯǼȉǾƲ٪ح�§Oؙخ٪ɦǕǛƤǕ٪ǛǾ٪ɅɍȯǾ٪ȷƲǾƫȷ٪

ǼƲȷȷƇǍƲȷ٪ɅǕȯȉɍǍǕ٪ɅǕƲ٪ȯƲǳƲƇȷƲ٪ȉǌ٪ƇƫȯƲǾȉƤȉȯɅǛƤȉɅȯȉȬǛƤ٪ǕȉȯǼȉǾƲ٪ح��½Oخ٪ȷɅǛǼɍǳƇɅǛǾǍ٪

ɅǕƲ٪ƤȉȯɅƲɫ٪ȉǌ٪ɅǕƲ٪ƇƫȯƲǾƇǳ٪ǍǳƇǾƫȷ٪Ʌȉ٪ȯƲǳƲƇȷƲ٪ǍǳɍƤȉƤȉȯɅǛƤȉǛƫ٪ǕȉȯǼȉǾƲȷ٪حƲؘǍؘؙ٪ƤȉȯɅǛȷȉǳخ٪ǛǾɅȉ٪

the bloodstream 13. This neuro-endocrine stress response has been associated with 

ƲǾǕƇǾƤƲƫ٪ȉǳǌƇƤɅȉȯɬ٪ȬƲȯǌȉȯǼƇǾƤƲؙ٪ǛǾƤǳɍƫǛǾǍ٪ƣƲɅɅƲȯ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ȬƲȯǌȉȯǼƇǾƤƲؙ٪

higher odor intensity ratings, and improved odor detection 14-18. Chemotherapy in 

ƤǕǛǳƫȯƲǾ٪ǼƇɬ٪ƲɥȉǯƲ٪Ƈ٪ȷǛǼǛǳƇȯ٪ȷɅȯƲȷȷ٪ȯƲȷȬȉǾȷƲ٪ƇǾƫ٪ɅǕƲ٪ȯƲǳƲƇȷƲ٪ȉǌ٪ȷȬƲƤǛ˚Ƥ٪ǕȉȯǼȉǾƲȷؙ٪

potentially promoting a state of hypervigilance 19, 20. Interestingly, some children with 

cancer included in the studies indicated overall sensory sensitization, that is, being 

overly sensitive to not just tastes and smells but also to visual, auditory, and haptic 

stimuli. Such heightened sensory sensitivity has not been previously reported in 

children with cancer, but could be related to increased stress and cortisol levels as 

seen in children with autism 21. A study among adult cancer patients showed that self-

reported “change in the way food tastes” as investigated by the Memorial Symptom 

Assessment Scale, has been associated with stress by reporting higher scores on 

hyperarousal 22. Future studies regarding smell and taste changes in children with 

cancer should therefore be expanded to include analysis of sensory sensitivity in 

general as well as experienced stress and the measurement of cortisol levels.

8
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Stress may contribute to enhanced smell sensitivity observed in our population, but it 

ǼƇɬ٪ǾȉɅ٪ƣƲ٪ǛɅȷ٪ȷȉǳƲ٪ƤƇɍȷƲؘ٪½ǕƲ٪ȬȉɅƲǾɅǛƇǳ٪ƲǌǌƲƤɅ٪ȉǌ٪ǍǳɍƤȉƤȉȯɅǛƤȉǛƫȷ٪حǛؘƲؘؙ٪ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪

ƇǾƫ٪ȬȯƲƫǾǛȷȉǾƲخ٪ ȷǕȉɍǳƫ٪ ƣƲ٪ ǾȉɅƲƫؘ٪GǳɍƤȉƤȉȯɅǛƤȉǛƫȷ٪ ƇȯƲ٪ ƇǾ٪ ǛǼȬȉȯɅƇǾɅ٪ ƲǳƲǼƲǾɅ٪ ǛǾ٪

treatment regimens of particularly pediatric hematological malignancies, since 

they induce apoptosis in lymphoblastic cells 23ؘ٪ ½ǕƲ٪ ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪ǍǳɍƤȉƤȉȯɅǛƤȉǛƫȷ٪

on chemosensory function in adult patients with ALL has not been previously 

investigated, as most studies included patients with solid tumors that are more 

common in adulthood. Children with ALL, who are treated with high dose of 

ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪ ƫɍȯǛǾǍ٪ ɅǕƲ٪ ˚ȯȷɅ٪ ɬƲƇȯ٪ ƇǌɅƲȯ٪ ƫǛƇǍǾȉȷǛȷؙ٪ ȷǕȉɦƲƫ٪ ǕƲǛǍǕɅƲǾƲƫ٪ ȷǼƲǳǳ٪

sensitivity during active treatment compared to maintenance phase but we did not 

˚Ǿƫ٪ƇǾ٪ƇȷȷȉƤǛƇɅǛȉǾ٪ƣƲɅɦƲƲǾ٪ƇƫǼǛǾǛȷɅȯƇɅǛȉǾ٪ȉǌ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪ƇǾƫ٪ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪

عUǾɅƲȯƲȷɅǛǾǍǳɬؙ٪ǛǾ٪Ƈ٪ȬȯƲɥǛȉɍȷǳɬ٪ƤȉǾƫɍƤɅƲƫ٪ƇǾǛǼƇǳ٪ȷɅɍƫɬؙ٪ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪ؘخׄ٪ƤǕƇȬɅƲȯح

ɅȯƲƇɅƲƫ٪ȯƇɅȷ٪ȷǕȉɦƲƫ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǕǛǍǕƲȯ٪ȯƲȷȬȉǾȷǛɥƲǾƲȷȷ٪Ʌȉ٪ƤȉǼȬǳƲɫ٪ȉƫȉȯƇǾɅ٪ǼǛɫɅɍȯƲȷ٪
24. In sum, olfactory performance might thus be sensitized either through stress-

induced release of endogenous glucocorticoid hormones or through administration 

of high-dose exogenous corticosteroids like dexamethasone during treatment for ALL.

Interestingly, several mothers I interviewed linked their child’s heightened smell 

sensitivity to their own experience during pregnancy. Indeed, many pregnant women 

note a change in smell sensitivity and scholars have proposed that hyperosmia 

ƫɍȯǛǾǍ٪ȬȯƲǍǾƇǾƤɬؙ٪ƲȷȬƲƤǛƇǳǳɬ٪ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɅȯǛǼƲȷɅƲȯؙ٪Ǜȷ٪ǌƲɅɍȷ٪ȬȯȉɅƲƤɅǛɥƲ٪ɅǕȯȉɍǍǕ٪

limiting the risk of ingesting toxic substances, foods that could be hazardous when 

ƲƇɅƲǾ٪ǛǾ٪ǳƇȯǍƲ٪ȮɍƇǾɅǛɅǛƲȷ٪حƲؘǍؘؙ٪ƤȉǌǌƲƲؙ٪ȉȯ٪ƤƲȯɅƇǛǾ٪ȷȬǛƤƲȷؙخ٪ƇǾƫ٪ǌȉȉƫȷ٪ɅǕƇɅ٪ȷȬȉǛǳ٪ƲƇȷǛǳɬ٪حƲؘǍؘؙ٪

ƇǾǛǼƇǳعƣƇȷƲƫؙ٪ȬȯȉɅƲǛǾعȯǛƤǕ٪ǌȉȉƫȷ٪ȷɍƤǕ٪Ƈȷ٪ǼƲƇɅؙ٪˚ȷǕؙ٪ƇǾƫ٪ƲǍǍȷ25٪خ. However, several 

studies showed that there is no evidence for objectively measured increased smell 

sensitivity during pregnancy 26, 27. Pregnant women do perceive changes in smell, 

ȯƇɅǛǾǍ٪ȉƫȉȯȷ٪Ʌȉ٪ƣƲ٪ǼȉȯƲ٪ǛǾɅƲǾȷƲ٪ƇǾƫ٪˚ǾƫǛǾǍ٪ǼȉȷɅ٪ȉƫȉȯȷ٪ǳƲȷȷ٪ȬǳƲƇȷƇǾɅ٪حȉȯ٪ɍǾȬǳƲƇȷƇǾɅخ٪

but are not necessarily better at detecting or identifying odors 28, 29. It has been 

suggested then that pregnant women have a heightened awareness of odors, which 

is perceived as an increment in smell sensitivity in the absence of truly increased 

sensory acuity 26, 30. This also seems to be the case in children with cancer, as many 

ǼȉȯƲ٪ƤƇȷƲȷ٪ȉǌ٪ǕƲǛǍǕɅƲǾƲƫ٪ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ɦƲȯƲ٪ǛƫƲǾɅǛ˚Ʋƫ٪ɅǕȯȉɍǍǕ٪ȷƲǳǌعȯƲȬȉȯɅ٪ɅǕƇǾ٪

ɦǛɅǕ٪ȉƣǬƲƤɅǛɥƲ٪ɅƲȷɅȷ٪حƤǕƇȬɅƲȯ٪ؘׄخ٪FɍȯɅǕƲȯǼȉȯƲؙ٪ǛǾ٪ɅǕƲ٪ȮɍƇǳǛɅƇɅǛɥƲ٪ȷɅɍƫɬ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪

chapter 7, several children reported having developed an aversion to the smell of 

spicy food and coffee.
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jƇȷɅǳɬؙ٪ ǛɅ٪ǕƇȷ٪ƣƲƲǾ٪ȷǕȉɦǾ٪ɅǕƇɅ٪ƇƫɍǳɅ٪ȬƇɅǛƲǾɅȷ٪ɦǛɅǕ٪ƇƫɥƇǾƤƲƫ٪ƤƇǾƤƲȯ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪

recognize more odors compared to age-matched controls 31. The authors of this 

ȷɅɍƫɬ٪ȷɍǍǍƲȷɅ٪ɅǕƇɅ٪ƇǾ٪ȉǾǍȉǛǾǍ٪ǛǾ˛ƇǼǼƇɅȉȯɬ٪ȯƲȷȬȉǾȷƲ٪ػ٪ƤƇɍȷƲƫ٪ƣɬ٪ɅǕƲ٪ƫǛȷƲƇȷƲ٪ǛɅȷƲǳǌ٪

regardless of treatment – especially in patients with weight loss, sensitize afferent 

nerves including chemosensory pathways 31, 32. We did not collect blood samples 

Ʌȉ٪Ƈǳǳȉɦ٪ɍȷ٪Ʌȉ٪ȷɅɍƫɬ٪ ǛǾ˛ƇǼǼƇɅǛȉǾ٪ ǛǾ٪ȉɍȯ٪ȷɅɍƫǛƲȷؘ٪OȉɦƲɥƲȯؙ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪

ǼƲǾɅǛȉǾƲƫ٪ɅǕƇɅ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪حƣɍɅ٪Ƈǳȷȉ٪ɅƇȷɅƲخ٪ƇǳǼȉȷɅ٪ƇǳɦƇɬȷ٪ȷɅƇȯɅƲƫ٪ɦǛɅǕ٪ɅǕƲ٪˚ȯȷɅ٪

cycle of chemotherapy or later during active treatment, indicating that an increased 

٪ȷǼƲǳǳ٪ǌɍǾƤɅǛȉǾ٪Ǜȷ٪ǼȉȷɅ٪ǳǛǯƲǳɬ٪ƤƇɍȷƲƫ٪ƣɬ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ƇǾƫ٪ǾȉɅ٪ƣɬ٪ɅǕƲ٪خȉȯ٪ƤǕƇǾǍƲƫح

cancer itself in our population.

Changes in taste

In the aforementioned study in adult patients with advanced cancer, patients not 

only recognized more odors compared to controls, but also showed improved 

bitter sensitivity, again particularly in patients with weight loss 31ؘ٪ ½ǕǛȷ٪ ˚ǾƫǛǾǍ٪

was independent of the administration of chemotherapy or radiotherapy. Weight 

˛ɍƤɅɍƇɅǛȉǾȷ٪ƇȯƲ٪ƤȉǼǼȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ȯƲƤƲǛɥǛǾǍ٪ɅȯƲƇɅǼƲǾɅؘ٪OȉɦƲɥƲȯؙ٪

caution is warranted regarding causality between taste changes and weight status, 

Ƈȷ٪ǛɅ٪ƤƇǾ٪Ǎȉ٪ƣȉɅǕ٪ɦƇɬȷؘ٪ÝƲ٪ƫǛƫ٪ǾȉɅ٪ȷɅɍƫɬ٪ɅǕƲ٪ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪ɦƲǛǍǕɅ٪حǳȉȷȷخ٪ȉǾ٪ƤǕǛǳƫȯƲǾىȷ٪

taste perception in chapter 6, but this should be further investigated in future studies.

�ǕƇȬɅƲȯ٪ׄ٪ƫƲȷƤȯǛƣƲȷ٪ɅǕƲ٪˚ȯȷɅ٪ǳȉǾǍǛɅɍƫǛǾƇǳ٪ȷɅɍƫɬ٪ɅȯƇƤǯǛǾǍ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪

with cancer during and after chemotherapy and concludes that taste function 

remains stable during active treatment, although lower compared to maintenance 

phase or after stop of chemotherapy. However, in the feasibility study described in 

chapter 5, we found an increase of sweet, bitter, and total taste function shortly after 

a cycle of chemotherapy in children with cancer. A similar pattern of elevated taste 

ȷƲǾȷǛɅǛɥǛɅɬ٪حɅǕȉɍǍǕ٪ǾȉɅ٪ȷɅƇɅǛȷɅǛƤƇǳǳɬ٪ȷǛǍǾǛ˚ƤƇǾɅخ٪ȷǕȉȯɅǳɬ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪

can be discerned in the longitudinal study described in chapter 6. Taken together, 

ɅǕƲȷƲ٪ ȯƲȷɍǳɅȷ٪ ȷɍǍǍƲȷɅ٪Ƈ٪˛ɍƤɅɍƇɅǛǾǍ٪ȬƇɅɅƲȯǾ٪ȉǌ٪ƤǕƇǾǍƲȷ٪ ǛǾ٪ ɅƇȷɅƲ٪ ǌɍǾƤɅǛȉǾ٪ƫɍȯǛǾǍ٪

ƇƤɅǛɥƲ٪ɅȯƲƇɅǼƲǾɅ٪ɦǛɅǕ٪ȷǕȉȯɅعǳǛɥƲƫؙ٪ ǛǾƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ƣȯǛƲ˛ɬ٪ƇǌɅƲȯ٪Ƈ٪ƤɬƤǳƲ٪

of chemotherapy, which then deteriorates to a more stable state of lowered taste 

sensitivity. Factors related to this pattern of taste changes are unclear but this might 

ƣƲ٪ ȯƲǳƇɅƲƫ٪ Ʌȉ٪ ȷȬƲƤǛ˚Ƥ٪ ƤɬɅȉɅȉɫǛƤ٪ ƇǍƲǾɅȷ٪ ƇǾƫ٪ ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷؘ٪vƲɥƲȯɅǕƲǳƲȷȷؙ٪ ɅƇȷɅƲ٪

function does recover after the end of intense chemotherapy treatment.

8



168

Chapter 8

In adult cancer patients undergoing chemotherapy, taste function is usually 

decreased 33ؘ٪OȉɦƲɥƲȯؙ٪ȷȉǼƲ٪ȷɅɍƫǛƲȷ٪ǕƇɥƲ٪ȯƲȬȉȯɅƲƫ٪ǛǾƤȯƲƇȷƲƫ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪حɅȉ٪

ɍǼƇǼǛ٪ƇǾƫ٪ƣǛɅɅƲȯ٪ ɅƇȷɅƲȷ٪ ȷȬƲƤǛ˚ƤƇǳǳɬخ٪Ƈȷ٪ɦƲǳǳ٪Ƈȷ٪ ǛǾƤȯƲƇȷƲƫ٪ ǛǾɅƲǾȷǛɅɬ٪ ǬɍƫǍƲǼƲǾɅȷ٪

for sweet, salty, and bitter taste 34, 35. Studies in children with cancer also show 

ǛǾƤȉǾȷǛȷɅƲǾɅ٪˚ǾƫǛǾǍȷ٪ȯƲǍƇȯƫǛǾǍ٪ɅǕƲ٪ƲǌǌƲƤɅȷ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪ȉǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪tȉȷɅ٪

studies cross-sectionally compared patients with healthy controls. Higher recognition 

thresholds for all taste qualities were found by Wall et al, while other researchers 

found higher threshold for bitter or sour taste only 36-38. Wall and colleagues also 

found higher detection thresholds for sweet and salty taste in children with leukemia 

ȷȬƲƤǛ˚ƤƇǳǳɬ٪36. We also found higher recognition thresholds for sour taste in children 

with cancer compared to healthy controls, as described in chapter 5. Thus, there 

clearly is an impact of chemotherapy on the sense of taste in children but its direction 

ɅƲǾƫȷ٪Ʌȉ٪ɥƇȯɬ٪ƣƲɅɦƲƲǾ٪ȷɅɍƫǛƲȷؘ٪�ǾƲ٪ȯƲƇȷȉǾ٪ǌȉȯ٪ɅǕƲȷƲ٪ǕƲɅƲȯȉǍƲǾƲȉɍȷ٪˚ǾƫǛǾǍȷ٪ǼƇɬ٪

be the use of different psychophysical taste testing methods.

Decreased taste sensitivity during treatment as described in chapter 6 suggest 

chemotherapy-induced damage to taste receptor cells 39. As taste receptor cells 

ƇȯƲ٪ȯƲǾƲɦƲƫ٪ƲɥƲȯɬ٪ֿ־٪ƫƇɬȷ٪حƇȬȬȯȉɫǛǼƇɅƲǳɬؙخ٪ȷɍƤǕ٪ȯƲǳƇɅǛɥƲǳɬ٪ȯƇȬǛƫ٪ɅɍȯǾȉɥƲȯ٪ȉǌ٪ƤƲǳǳȷ٪

is easily disrupted by cytotoxic agents. We found etoposide to be associated with 

lower taste sensitivity, whereas mercaptopurine was associated with higher taste 

sensitivity. Particularly mercaptopurine has been previously found to interfere with 

taste function, although the direction of that change is not exactly clear 40. Moreover, 

ƇǾ٪ ǛǾ˛ƇǼǼƇɅȉȯɬ٪ ȷɅƇɅƲ٪ ƇǾƫ٪ Ƈ٪ ƤȉȯȯƲȷȬȉǾƫǛǾǍ٪ ȯƲǳƲƇȷƲ٪ ȉǌ٪ ƤɬɅȉǯǛǾƲȷ٪ ƤƇǾ٪ ȬȯȉǼȬɅ٪

apoptosis of taste receptor cells and hence promote taste-related disorders 41. In 

ƇƫƫǛɅǛȉǾؙ٪ǼɍǳɅǛعǼȉƫƇǳ٪ƇǾɅǛعƲǼƲɅǛƤ٪ɅȯƲƇɅǼƲǾɅ٪حǛؘƲؘؙ٪ƣƲǛǾǍ٪ȬȯƲȷƤȯǛƣƲƫ٪ƇǾ٪vgֿع٪ȯƲƤƲȬɅȉȯ٪

ƇǾɅƇǍȉǾǛȷɅ٪ɦǛɅǕ٪Ʌɦȉ٪ȉɅǕƲȯ٪ƇǾɅǛƲǼƲɅǛƤȷخ٪ǾƲɫɅ٪Ʌȉ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ǕƇȷ٪ƣƲƲǾ٪ǌȉɍǾƫ٪Ʌȉ٪

negatively contribute to self-reported “changes in the way food taste” in adult cancer 

patients, but this might be explained by the fact that multimodal antiemetics are 

only prescribed for highly emetogenic cytostatic drugs which are usually associated 

with more taste problems 42.

Hypergeusia, increased taste sensitivity, was also present in several childhood 

ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ ٪ȯƇǾǍƲح ٪ػ٪׀ؘ־ֿ ٪ƇǳɅǕȉɍǍǕ٪ɅǕǛȷ٪ȷƲƲǼƲƫ٪Ʌȉ٪ƣƲ٪ؙخڤؘׄ׆ֿ ǳƇȯǍƲǳɬ٪ ǳǛǼǛɅƲƫ٪

to children with hematological malignancies. In accordance with this, children 

receiving corticosteroids in the past month had higher taste sensitivity compared 

Ʌȉ٪ɅǕȉȷƲ٪ǾȉɅ٪ȯƲƤƲǛɥǛǾǍ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪حƤǕƇȬɅƲȯ٪ؘׄخ٪jǛǯƲ٪ȉǳǌƇƤɅǛȉǾؙ٪ɅǕƲ٪ƇƫǼǛǾǛȷɅȯƇɅǛȉǾ٪
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ȉǌ٪ ǍǳɍƤȉƤȉȯɅǛƤȉǛƫȷ٪ ٪ƲؘǍؘؙح ƫƲɫƇǼƲɅǕƇȷȉǾƲ٪ ƇǾƫ٪ȬȯƲƫǾǛȷȉǾƲخ٪ǼǛǍǕɅ٪ ƲǾǕƇǾƤƲ٪ ɅƇȷɅƲ٪

ȷƲǾȷǛɅǛɥǛɅɬؘ٪�٪ƤǳǛǾǛƤƇǳ٪ɅȯǛƇǳ٪ƇǼȉǾǍ٪ƤȉǳȉȯƲƤɅƇǳ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ɅȯƲƇɅƲƫ٪ɦǛɅǕ٪ع׃˛ɍȉȯȉɍȯƇƤǛǳ٪

ƇǾƫ٪ǳƲɍƤȉɥȉȯǛǾ٪ȷǕȉɦƲƫ٪ɅǕƇɅ٪ɅƇȷɅƲ٪ƫǛȷɅɍȯƣƇǾƤƲȷ٪حǛؘƲؘؙ٪ ǳȉȷȷ٪ȉǌ٪ɅƇȷɅƲخ٪ƫǛȷƇȬȬƲƇȯƲƫ٪ǛǾ٪

5 out of 7 patients when pretreated with dexamethasone 43. Also, a qualitative 

study focusing on taste changes in children undergoing chemotherapy or stem 

cell transplantation found that dexamethasone made food taste better as a child 

noted “It tastes better with dex. When you’re on the dex, when you’re on the steroid 

everything tastes 1000x better” 44. Unfortunately, the current sample does not allow 

Ʌȉ٪ƫǛȷɅǛǾǍɍǛȷǕ٪ǕǛǍǕعƫȉȷƲ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪حƇȷ٪ȬƇȯɅ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅخ٪ƇǾƫ٪ɅǕƲ٪ƇƫǼǛǾǛȷɅȯƇɅǛȉǾ٪

ȉǌ٪Ƈ٪ǼɍƤǕ٪ǳȉɦƲȯ٪ƫȉȷƲ٪ȉǌ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷ٪حǛǾɅƲǾƫƲƫ٪Ƈȷ٪ƇǾɅǛƲǼƲɅǛƤȷؙخ٪ɦǕǛƤǕ٪ǼƇɬ٪ȬȯȉɥǛƫƲ٪

more clarity on which patients are likely to experience such taste disturbances.

UǾɅƲȯƲȷɅǛǾǍǳɬؙ٪ǛǾ٪ȉɍȯ٪ǛǾɅƲȯɥǛƲɦȷ٪ǼƇǾɬ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ǼƲǾɅǛȉǾƲƫ٪حȷȉǼƲɅǛǼƲȷ٪Ʌȉ٪

ɅǕƲǛȯ٪ȉɦǾ٪ȷɍȯȬȯǛȷƲخ٪ɅǕƇɅ٪ɅǕƲɬ٪ȬȯƲǌƲȯ٪ȷɦƲƲɅ٪ǌȉȉƫȷ٪ǼɍƤǕ٪ǳƲȷȷ٪ȷǛǾƤƲ٪ɅǕƲ٪ȷɅƇȯɅ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅ٪

٪ǕǛȷ٪ǼǛǍǕɅ٪ƣƲ٪ƤƇɍȷƲƫ٪ƣɬ٪Ƈ٪ɅƲǼȬȉȯƇȯǛǳɬ٪ǛǾƤȯƲƇȷƲƫ٪ȷɦƲƲɅ٪ȷƲǾȷǛɅǛɥǛɅɬ½٪ؘخׅ٪ȷƲƲ٪ƤǕƇȬɅƲȯح

after a cycle of chemotherapy, as described in chapter 5, which has been found in 

breast cancer patients as well 45. A study among adult cancer patients showed that 

ȬƇɅǛƲǾɅȷ٪ɍǾƫƲȯǍȉǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ɦƲȯƲ٪Ƈǳȷȉ٪ǳƲȷȷ٪ǳǛǯƲǳɬ٪Ʌȉ٪ȬȯƲǌƲȯ٪حǕǛǍǕ٪ǳƲɥƲǳȷ٪ȉǌخ٪

sucrose compared to those not undergoing chemotherapy, but sweet preference in 

these patients was also associated with their degree of appetite 46. In other words, the 

question remains whether an increased sweet sensitivity negatively affects sweet 

preference in childhood cancer patients.

Another potential cause for a loss in sweet taste preference is the effect that 

intense chemotherapy may have on growth and development. One of many long-

term effects of chemotherapy in childhood cancer survivors is short stature as 

chemotherapy impedes rapid skeletal development, and also corticosteroids have 

been associated with impaired bone health 47, 48. Interrupted bone growth may be 

relevant for understanding children’s starkly reduced sweet preference. Normally, 

children, relative to adults, have a clear sweet preference 49. This preference has 

ƣƲƲǾ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ƣǛȉǼƇȯǯƲȯȷ٪حǛؘƲؘؙ٪ɅɬȬƲ٪U٪ƤȉǳǳƇǍƲǾ٪ƤȯȉȷȷعǳǛǾǯƲƫ٪vعɅƲǳȉȬƲȬɅǛƫƲȷ٪

 ǌȉȯ٪ȷǯƲǳƲɅƇǳ٪ǍȯȉɦɅǕ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪50, 51. Possibly, these biomarkers also function٪خخv½ɫح

as neural signals promoting children’s sweet preference and thus, in the absence 

of these signals, sweet preference is reduced. Such a reduction in sweet preference 

occurs with normal maturation but in children with cancer may occur as the result of 

chemotherapy interrupting bone growth. Future studies should investigate whether 

8
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NTx levels, derived from urine samples, is associated with sweet preference, and may 

change throughout treatment in children with cancer undergoing chemotherapy.

Factors affecting smell and taste, other than chemotherapy

Chemotherapy is clearly associated with changes in smell and taste in children 

ɦǛɅǕ٪ ƤƇǾƤƲȯؙ٪ ƣɍɅ٪ ɅǕƲȷƲ٪ ƤǕƇǾǍƲȷ٪ ٪ǛؘƲؘؙح ƫƲɥǛƇɅǛȉǾȷ٪ ǌȯȉǼ٪ ǾȉȯǼƇǳ٪ ȷǼƲǳǳ٪ ƇǾƫ٪ ɅƇȷɅƲخ٪

comprised either increased or decreased function and could not be fully linked to 

ȷȬƲƤǛ˚Ƥ٪ƤǕƲǼȉɅǕƲȯƇȬƲɍɅǛƤ٪ƇǍƲǾɅȷ٪ȉȯ٪ƫȉȷƲؘ٪UɅ٪ Ǜȷ٪ ǛǼȬȉȯɅƇǾɅ٪Ʌȉ٪ǾȉɅƲ٪ɅǕƇɅ٪Ƈ٪ƤɬƤǳƲ٪ȉǌ٪

chemotherapy is never administered in isolation. A single cycle usually comprises 

more than one cytotoxic agent and the typically relative high dose of these agents 

ȯƲȮɍǛȯƲȷ٪حǼƲƫǛƤƇǳخ٪ǼƇǾƇǍƲǼƲǾɅ٪ȉǌ٪ƇƤɍɅƲ٪ɅȉɫǛƤǛɅǛƲȷ٪ǳǛǯƲ٪ȬƇǛǾؙ٪ǾƇɍȷƲƇؙ٪ƇǾƫ٪ɥȉǼǛɅǛǾǍ٪
52, 53. Further, chemotherapy in children induces neutropenia, compromising 

immune function and increasing the risk for infections. Therefore, children receiving 

chemotherapy typically receive many drugs other than chemotherapy, such as 

ƇǾƇǳǍƲȷǛƤȷ٪ ٪ƲǼƲɅǛƤ٪ƫȯɍǍȷعɥƇȯǛȉɍȷ٪ƇǾɅǛ٪ؙخɅȉ٪ǼƇǾƇǍƲ٪ȬƇǛǾح ٪Ʌȉ٪ǼƇǾƇǍƲ٪ǾƇɍȷƲƇ٪ƇǾƫح

ɥȉǼǛɅǛǾǍؙخ٪ƇǾɅǛȬɬȯƲɅǛƤ٪ƫȯɍǍȷ٪حɅȉ٪ǼƇǾƇǍƲ٪ǌƲɥƲȯؙخ٪ƇǾƫ٪ȬȯȉȬǕɬǳƇƤɅǛƤ٪ƇǾɅǛƣǛȉɅǛƤȷ٪حɅȉ٪ǳǛǼǛɅ٪

ɅǕƲ٪ȯǛȷǯ٪ȉǌ٪ƣƇƤɅƲȯǛƇǳإǌɍǾǍƇǳ٪ǛǾǌƲƤɅǛȉǾȷؘخ٪�ǳǳ٪ƇǌȉȯƲǼƲǾɅǛȉǾƲƫ٪ɅɬȬƲȷ٪ȉǌ٪ƫȯɍǍȷ٪ƇȯƲ٪ǯǾȉɦǾ٪

to possibly affect smell and/or taste, even at fairly modest therapeutic doses 54. 

However, our studies were too small to take other drugs into account. Furthermore, 

ɅǕƲ٪ƇǼȉɍǾɅ٪ƇǾƫ٪ƤȉǼȬȉȷǛɅǛȉǾ٪ȉǌ٪ȷƇǳǛɥƇ٪ǛǾ˛ɍƲǾƤƲȷ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ȬƲȯƤƲȬɅǛȉǾؙ٪ɦǕǛƤǕ٪Ǜȷ٪

known to alter with chemotherapy and its associated chronic polypharmacy 55. Saliva 

is essential for taste as taste molecules dissolve in saliva which then transports taste 

molecules to the taste buds located predominantly on the gustatory papillae in the 

oral cavity. Polypharmacy and its myriad effects on taste, smell, and salivation makes 

ǛɅ٪ɥǛȯɅɍƇǳǳɬ٪ǛǼȬȉȷȷǛƣǳƲ٪Ʌȉ٪ȬƇȯȷƲ٪ƇǾɬ٪ȷȬƲƤǛ˚Ƥ٪ƲǌǌƲƤɅȷ٪ȉǌ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ȉǾ٪ƤǕǛǳƫȯƲǾىȷ٪

sense of smell and taste.

Apart from polypharmacy, individual differences clearly play a role in how and to what 

degree chemotherapy impacts childhood cancer patients’ smell and taste function. 

Previous research has shown that younger patients are less susceptible to smell and 

taste disorders during cancer treatment 7. Further, girls typically outperform boys 

ȉǾ٪ɅǕƲ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ɅƲȷɅ٪حȷƲƲ٪ƤǕƇȬɅƲȯ٪ׁؙخ٪ƇǾƫ٪ɅǕǛȷ٪ɦƇȷ٪Ƈǳȷȉ٪ǌȉɍǾƫ٪ƇǼȉǾǍ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪

ƤƇǾƤƲȯ؛٪ɅǕƇɅ٪Ǜȷؙ٪ƫɍȯǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ǍǛȯǳȷ٪ƲɫǕǛƣǛɅƲƫ٪ǕǛǍǕƲȯ٪حǛؘƲؘؙ٪ƣƲɅɅƲȯخ٪ɅƇȷɅƲ٪ƇǾƫ٪

ȷǼƲǳǳ٪حǛؘƲؘؙ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾخ٪ɅǕƇǾ٪ƫǛƫ٪ƣȉɬȷ٪حƤǕƇȬɅƲȯ٪ؘׄخ٪GǛȯǳȷى٪ȷƲǾȷƲ٪ȉǌ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪

seems to mature earlier. This might mean that girls are more likely to experience 

smell and taste changes – particularly increased sensitivity – during chemotherapy 
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than do boys, but whether this is the case requires further research. In adult patients, 

though, it was already found that women have higher sensitivity to sweet and bitter 

taste during chemotherapy compared to men 56. Lastly, genetic variations in the 

expression of olfactory and gustatory receptor cells lead to inter-individual variation 

in smell and taste function, respectively 57-59. For example, the ability to taste PROP 

depends on the expression of certain taste receptors and may result in a different 

degree of susceptibility to changes in taste function during chemotherapy, as we 

found PROP-tasters having higher taste sensitivity during chemotherapy compared 

to non-tasters in chapter 6 39, 60.

OBJECTIVE OR SUBJECTIVE MEASURES?

�ȉɅǕ٪ȉƣǬƲƤɅǛɥƲ٪ƇǾƫ٪ȷɍƣǬƲƤɅǛɥƲ٪ǼƲƇȷɍȯƲȷ٪ƤƇǾ٪ƣƲ٪ɍȷƲƫ٪Ʌȉ٪ƇȷȷƲȷȷ٪حȬȉɅƲǾɅǛƇǳ٪ƤǕƇǾǍƲȷ٪ǛǾخ٪

smell and taste function. One can simply ask children how well they can still smell 

and taste, or to what degree they feel their sense of smell and taste has changed. 

Apart from these subjective methods, one can use psychophysical tests to objectively 

assess children’s capacity to smell and taste. In the present thesis, I used one or both 

ǼƲɅǕȉƫȷ٪ǛǾ٪ƫǛǌǌƲȯƲǾɅ٪ȷɅɍƫǛƲȷ٪حƤǕƇȬɅƲȯȷ٪ׁ٪ؘخׄ٪ػ٪½ǕƲȷƲ٪ǼƲɅǕȉƫȷ٪ƤǳƲƇȯǳɬ٪ƫȉ٪ǾȉɅ٪ȷɍƣȷɅǛɅɍɅƲ٪

for one another as objective and subjective measures of taste/smell function neither 

ƤȉȯȯƲȷȬȉǾƫƲƫ٪ǛǾ٪ǕƲƇǳɅǕɬ٪ƤǕǛǳƫȯƲǾ٪حƤǕƇȬɅƲȯ٪ׁخ٪Ǿȉȯ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪حƤǕƇȬɅƲȯ٪ؘׄخ

UɅ٪ Ǜȷ٪ɦƲǳǳعǯǾȉɦǾ٪ ɅǕƇɅ٪ ǛǾƫǛɥǛƫɍƇǳȷ٪ ǕƇɥƲ٪ƫǛǌ˚ƤɍǳɅǛƲȷ٪ ƫǛȷɅǛǾǍɍǛȷǕǛǾǍ٪ Ƈ٪ ǳȉȷȷ٪ ȉǌ٪ ȷǼƲǳǳ٪

ǌȯȉǼ٪Ƈ٪ ǳȉȷȷ٪ ȉǌ٪ ɅƇȷɅƲؙ٪ Ƈȷ٪ ȷǼƲǳǳ٪ ƇǾƫ٪ ɅƇȷɅƲ٪ ƇȯƲ٪ ǛǾɅƲǍȯƇɅƲƫ٪ ǛǾ٪ ˛Ƈɥȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪ 61, 62. 

Studies among adults with cancer undergoing chemotherapy also showed that 

objective and subjective measures of smell and taste function did not correspond 
8, 9, 63. This may simply mean that people are not particularly able in estimating or 

monitoring their own sensory function. However, self-reported changes in smell 

and taste function correlated with eating behavior, while objective measures did 

not, suggesting that most objective tests of smell and taste function lack sensitivity 

and/or validity 9. It should be noted that the reliability of the Taste Strips test has not 

yet been established in children but test-retest reliability of the Taste Strips in adults 

Ǜȷ٪ǼȉƫƲȯƇɅƲ٪ƇɅ٪ƣƲȷɅ٪حr٪64٪خ׆ؘׄ־٪ڏ. It is a practical test, but it is also a crude test that 

ǼƇɬ٪ǾȉɅ٪ƣƲ٪ƇƣǳƲ٪Ʌȉ٪ƫƲɅƲƤɅ٪ǼȉȯƲ٪ȷɍƣɅǳƲ٪حɬƲɅ٪ǼƲƇǾǛǾǍǌɍǳخ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ɅƇȷɅƲ٪ǌɍǾƤɅǛȉǾؘ٪

Further, even if a taste or smell threshold test accurately measures a person’s taste 

or smell sensitivity/acuity, the changes that cancer patients typically experience and 

8
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report may not necessarily encompass changes in taste/smell sensitivity. Patients 

might still be able to smell and taste certain foods as well as before, but these foods 

ǼƇɬ٪Ǿȉɦ٪ǕƇɥƲ٪Ƈ٪ƫǛǌǌƲȯƲǾɅ٪˛Ƈɥȉȯ٪ȮɍƇǳǛɅɬؘ٪�ȯ٪ǌȉȉƫȷ٪ǼƇɬ٪ȷɅǛǳǳ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ɅǕƲ٪ȷƇǼƲ٪

Ƈȷ٪ƣƲǌȉȯƲ٪ƲɫƤƲȬɅ٪ɅǕƇɅ٪ɅǕƲȷƲ٪ȷƇǼƲ٪˛Ƈɥȉȯȷ٪ƇȯƲ٪Ǿȉɦ٪ƲɥƇǳɍƇɅƲƫ٪ƫǛǌǌƲȯƲǾɅǳɬؙ٪Ƈȷ٪ƫǛȷǳǛǯƲƫؙ٪

or even disgusting.

It is not only hard for children to distinguish potential smell problems from having 

ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷؙ٪ƣɍɅ٪Ƈǳȷȉ٪ƫǛǌ˚ƤɍǳɅ٪Ʌȉ٪ƫǛȷɅǛǾǍɍǛȷǕ٪ƇǾƇǳɬɅǛƤ٪ȷƲǾȷƇɅǛȉǾ٪حhow well can 

you detect and distinguish taste/smell intensities?خ٪ ƇǾƫ٪ ǕƲƫȉǾǛƤ٪ ƲɥƇǳɍƇɅǛȉǾ٪ ȉǌ٪

ɅƇȷɅƲ٪ȷɅǛǼɍǳǛ٪ ڑɬȉɍڑƫȉڑǼɍƤǕڑǕȉɦح ǳǛǯƲڑƤƲȯɅƇǛǾڑ˷Ƈɥȉȯȷؘخي٪½ǕǛȷ٪ƣƲƤƇǼƲ٪ƤǳƲƇȯ٪ƫɍȯǛǾǍ٪

the interviews with children with cancer, described in chapter 7, as their thoughts 

regarding the concept of “taste” often referred to foods they like or prefer to eat 

rather than their taste ability 65. The same chapter also revealed that changes 

ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ȬƲȯƤƲȬɅǛȉǾ٪ƇȯƲ٪ǌȯƲȮɍƲǾɅǳɬ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ɅƲȯǼȷ٪ȉǌ٪ƫǛȷɅȉȯɅǛȉǾȷ٪حƇ٪

ȮɍƇǳǛɅƇɅǛɥƲ٪ǛǼȬƇǛȯǼƲǾɅؘخ٪Fȉȯ٪ƲɫƇǼȬǳƲؙ٪ȉǾƲ٪ƣȉɬ٪ȯƲǼƇȯǯƲƫ٪ɅǕƇɅ٪نƤȉǯƲ٪ɅƇȷɅƲȷ٪ǳǛǯƲ٪ɥȉǼǛɅؘه٪

�ǾȉɅǕƲȯ٪ȉǾƲ٪ǼƲǾɅǛȉǾƲƫ٪نɅǕƇɅ٪ȬƲȯǌɍǼƲ٪ȷǼƲǳǳȷ٪ǳǛǯƲ٪ȷɦƲƇɅ٪Ǿȉɦؘه٪¦ɍƇǳǛɅƇɅǛɥƲ٪ɅƇȷɅƲإ

ȷǼƲǳǳ٪ƫǛȷȉȯƫƲȯȷؙ٪ȷɍƤǕ٪Ƈȷ٪ȬƇȯȉȷǼǛƇ٪حǛؘƲؘؙ٪ƫǛȷɅȉȯɅƲƫ٪ȉƫȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪ǛǾ٪ɅǕƲ٪ȬȯƲȷƲǾƤƲ٪ȉǌ٪Ƈ٪

ɅȯǛǍǍƲȯǛǾǍ٪ȷȉɍȯƤƲخ٪ƇǾƫ٪ȬǕƇǾɅȉȷǼǛƇ٪حǛؘƲؘؙ٪ȉƫȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪ǛǾ٪ɅǕƲ٪ƇƣȷƲǾƤƲ٪ȉǌ٪ƇǾɬ٪ȉƫȉȯخ٪

have also been reported in adult patients undergoing chemotherapy 7. Recently, 

a new method came available to detect qualitative smell disorders. This new test 

٪ɅǛƤǯȷ¯٪ىǛȷ٪ƣƇȷƲƫ٪ȉǾ٪ɅǕƲ٪ƇǳȯƲƇƫɬ٪ƲɫǛȷɅǛǾǍ٪¯ǾǛǌ˚Ǿ٪خ½ɅǛƤǯȷ٪¤ƇȯȉȷǼǛƇ٪½ƲȷɅؙ٪¯¯¤Ƈȯȉ¯٪ىǾǛǌ˚Ǿ¯ح

ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ɅƇȷǯ٪ƇǾƫ٪ɍȷƲȷ٪ǕƲƫȉǾǛƤ٪ƲȷɅǛǼƇɅƲȷ٪ȉǌ٪Ʌɦȉ٪ȉȬȬȉȷǛɅƲǳɬ٪ɥƇǳƲǾƤƲƫ٪ȉƫȉȯȷ٪

٪ɅǛƤǯȷ¯٪ىɍƣǬƲƤɅȷ٪ȯƲƤƲǛɥƲ٪ȉƫȉȯȷ٪ǛǾ٪ȬƇǛȯȷ٪ȉǌ٪¯ǾǛǌ˚Ǿ¯٪66ؘ٪خȬǳƲƇȷƇǾɅ٪ɥƲȯȷɍȷ٪ɍǾȬǳƲƇȷƇǾɅ٪ȷǼƲǳǳȷح

Ʌȉ٪ƲɥƇǳɍƇɅƲ٪ȉǾ٪ׇعȬȉǛǾɅ٪ǕƲƫȉǾǛƤ٪ȷƤƇǳƲȷؘ٪�Ƥȯȉȷȷ٪ȬƇǛȯȷؙ٪ǕƲƫȉǾǛƤ٪ȯƇǾǍƲ٪حǛؘƲؘؙ٪ǕƲƫȉǾǛƤ٪

distance between two oppositely valenced odors such as pleasant pineapple odor 

ɥƲȯȷɍȷ٪ɍǾȬǳƲƇȷƇǾɅ٪ȷǼƲǳǳ٪ȉǌ٪ɅɍȯȬƲǾɅǛǾƲخ٪ƇǾƫ٪ǕƲƫȉǾǛƤ٪ƫǛȯƲƤɅǛȉǾ٪حǛؘƲؘؙ٪ǛǾƫǛƤƇɅȉȯ٪ǌȉȯ٪ȉɥƲȯƇǳǳ٪

ǕƲƫȉǾǛƤ٪ƲɫȬƲȯǛƲǾƤƲ٪ȉǌ٪ȉƫȉȯȷ٪ǛǾ٪ƫƇǛǳɬ٪ǳǛǌƲؚ٪ȬȉȷǛɅǛɥƲؙ٪ǾƲɍɅȯƇǳ٪ȉȯ٪ǾƲǍƇɅǛɥƲخ٪ƤƇǾ٪ɅǕƲǾ٪ƣƲ٪

determined based on the hedonic ratings. It seems a valuable tool to investigate a 

shift in hedonic olfactory evaluation in healthy and diseased individuals. This might 

also include children with cancer, although to date, the SSParoT includes normative 

data for people aged 18 – 35 years only. Moreover, a similar test for evaluating 

qualitative taste disorders has not been developed yet.

In sum, the observed disconnect between self-reported smell and taste changes and 

objectively measured changes in smell/taste function as found in our population, 

suggest that the effects of chemotherapy on smell and taste are wider in scope 
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than only changes in smell/taste acuity. The full extent and essence of these 

changes warrant further research. Clearly, regardless of whether there are changes 

ǛǾ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ǌɍǾƤɅǛȉǾ٪حȉƣǬƲƤɅǛɥƲخ٪ȉȯ٪ȬƲȯƤƲȬɅǛȉǾ٪حȷɍƣǬƲƤɅǛɥƲؙخ٪ƇǾ٪ƲɫȬƲȯǛƲǾƤƲƫ٪

change in smell and taste in children with cancer receiving treatment is common, 

ƣȉɅǕƲȯȷȉǼƲؙ٪ƇǾƫ٪ǛǼȬƇƤɅȷ٪ƲƇɅǛǾǍ٪ƣƲǕƇɥǛȉȯؙ٪ǌȉȉƫ٪ƲǾǬȉɬǼƲǾɅؙ٪ƇǾƫ٪ȮɍƇǳǛɅɬ٪ȉǌ٪ǳǛǌƲ٪حƇȷ٪

ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ƤǕƇȬɅƲȯȷ٪ׂ٪ƇǾƫ٪ؘׅخ

j-�§v-%٪F��%٪�Ü-§¯U�v¯٪ق٪½O-٪§�j-٪�F٪
CLASSICAL CONDITIONING

Changes in smell and taste may often encompass a change in liking for smells and 

tastes. As described above, more often than not, these changes in hedonic evaluation 

are negative. Of course, these negative hedonic shifts may be the direct results of 

changes in smell/taste sensitivity and/or smell/taste perception. However, nausea 

and learned food aversions may also play an important role in promoting children’s 

dislikes for food smells and tastes. As described in chapter 4, nausea is still a common 

side effect of chemotherapy with occurrence rates ranging between 24.8% and 42.9% 

ƫɍȯǛǾǍ٪ɅǕƲ٪˚ȯȷɅ٪ɬƲƇȯ٪ȉǌ٪ɅȯƲƇɅǼƲǾɅؙ٪ƫƲȷȬǛɅƲ٪ɅǕƲ٪ƇɥƇǛǳƇƣǛǳǛɅɬ٪ƇǾƫ٪ɍȷƲ٪ȉǌ٪ǼɍǳɅǛǼȉƫƇǳ٪

antiemetic agents. In general, patients report eating less food and preferring dry, 

bland foods when nauseated 67ؘ٪�ȬƇȯɅ٪ǌȯȉǼ٪ǛǾ˛ɍƲǾƤǛǾǍ٪ƇȬȬƲɅǛɅƲ٪ƇǾƫ٪ɅǕƲ٪ȬƲȯƤƲǛɥƲƫ٪

palatability of food directly, nausea can also induce the learning of strong and long-

lasting food aversions.

Nausea can function as an unconditioned stimulus that becomes associated with a 

ǌȉȉƫ٪حǛɅȷ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲخ٪ƲƇɅƲǾ٪ƣƲǌȉȯƲ٪ɅǕƲ٪ȉǾȷƲɅ٪ȉǌ٪ǾƇɍȷƲƇ٪68. The smell and taste of 

that food then comes to function as a conditioned stimulus, signaling nausea and 

thus promoting further avoidance of that food. The smell and taste of the food itself 

become highly disliked. Unlike most forms of classical conditioning, these smell 

and taste aversions are rapidly acquired and are unusually resistant to unlearning 
69. Chemotherapy, through inducing nausea and/or gastro-intestinal distress, can 

condition potent taste aversions in children with cancer. Bernstein and colleagues 

performed a controlled study among children with cancer, exposing these children to 

Ƈ٪ȯƇɅǕƲȯ٪ɍǾɍȷɍƇǳ٪ǛƤƲ٪ƤȯƲƇǼ٪˛Ƈɥȉȯ٪حtƇȬǳƲɅȉǌǌخ٪ȷǕȉȯɅǳɬ٪ƣƲǌȉȯƲ٪ȯƲƤƲǛɥǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪
70ؘ٪½ɦȉ٪ȉɅǕƲȯ٪ǍȯȉɍȬȷ٪ȷƲȯɥƲƫ٪Ƈȷ٪ƤȉǾɅȯȉǳȷؙ٪ɦǛɅǕ٪ɅǕƲ٪˚ȯȷɅ٪ǍȯȉɍȬ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ƲƇɅǛǾǍ٪ɅǕƲ٪

ice cream in between treatments, and the second group receiving toys instead 

8
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of ice cream at the start of chemotherapy. Of these three groups of children with 

ƤƇǾƤƲȯؙ٪ȉǾǳɬ٪ɅǕƲ٪˚ȯȷɅ٪ǍȯȉɍȬ٪ƇƤȮɍǛȯƲƫ٪ƇǾ٪ƇɥƲȯȷǛȉǾ٪ǌȉȯ٪tƇȬǳƲɅȉǌǌ٪ ǛƤƲ٪ƤȯƲƇǼؘ٪¯ɍƤǕ٪Ƈ٪

ƤȉǾƫǛɅǛȉǾƲƫ٪ƇɥƲȯȷǛȉǾ٪Ǜȷ٪ǾȉɅ٪ǳǛǼǛɅƲƫ٪Ʌȉ٪ǛƤƲ٪ƤȯƲƇǼ٪ɦǛɅǕ٪ƇǾ٪ɍǾɍȷɍƇǳ٪˛Ƈɥȉȯ٪ػ٪ǛɅ٪Ƈǳȷȉ٪ɦƇȷ٪

shown to extend to a hospital test meal and other food items consumed prior to 

receiving chemotherapy 71, 72ؘ٪�ǕƇȬɅƲȯ٪ׅ٪ƫƲȷƤȯǛƣƲȷ٪Ǖȉɦ٪ǌȉȯ٪ȷƲɥƲȯƇǳ٪ƤǕǛǳƫȯƲǾ٪ȷȬƲƤǛ˚Ƥ٪

ǌȉȉƫȷ٪ƇǾƫ٪ȷǼƲǳǳȷ٪ǕƇƫ٪ƣƲƤȉǼƲ٪ǕǛǍǕǳɬ٪ƇɥƲȯȷǛɥƲ٪ƇǌɅƲȯ٪ƲɫȬȉȷɍȯƲ٪Ʌȉ٪ɅǕƲȷƲ٪˛Ƈɥȉȯȷ٪ƇǾƫ٪

odors during their admission in hospital. It is conceivable that self-reported smell 

and taste changes among children with cancer included conditioned smell and 

taste aversions. However, it remains unclear to what extent conditioned smell and 

taste aversions play a role in childhood cancer patients’ perceived smell and taste 

problems, eating problems, and quality of life. This too deserves further research.

-Ü-§ã½OUvG٪½�¯½-¯٪%UFF-§-v½jã٪ق٪ 
HOW TO COPE WITH THAT?

�٪ ȯƲƤƲǾɅ٪ ȯƲɥǛƲɦ٪ǾǛƤƲǳɬ٪ ȷǕȉɦƲƫ٪ ɅǕƇɅ٪ ȷǼƲǳǳ٪ƇǾƫ٪ ɅƇȷɅƲ٪ƇǳɅƲȯƇɅǛȉǾȷ٪ ٪ƇǾƫ٪ػ٪ǛؘƲؘؙ٪ǕɬȬȉح

ǕɬȬƲȯȷƲǾȷǛɅǛɥǛɅɬخ٪ǛǾ٪ƇƫɍǳɅ٪ȬƇɅǛƲǾɅȷ٪ǛǾ˛ɍƲǾƤƲ٪ǌȉȉƫ٪ƣƲǕƇɥǛȉȯ٪ƫɍȯǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪73. 

For adults undergoing chemotherapy, various treatment options for chemosensory 

problems have already been investigated, such as the administration of zinc. However, 

ɅǕƲ٪Ʋǌ˚ƤƇƤɬ٪ȉǌ٪ǼȉȷɅ٪ȉǌ٪ɅǕƲȷƲ٪ɅȯƲƇɅǼƲǾɅȷ٪Ǜȷ٪ȷɅǛǳǳ٪ƲǛɅǕƲȯ٪ǼȉȉɅؙ٪ȉȯ٪ƫǛȷƇȬȬȉǛǾɅǛǾǍǳɬ٪ǳǛǼǛɅƲƫ٪
74, 75ؘ٪%ǛƲɅƇȯɬ٪ƇǾƫ٪ƲƫɍƤƇɅǛȉǾƇǳ٪ƤȉɍǾȷƲǳǳǛǾǍ٪ǕƇȷ٪ƣƲƲǾ٪ȬȯȉɥƲǾ٪Ʌȉ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ȯƲƫɍƤƲ٪

٪ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷ٪ǛǾ٪ƇƫɍǳɅ٪ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷ٪ƇǾƫ٪ȯƲǼƇǛǾȷ٪ɅǕƲ٪ƣƲȷɅ٪خɅǕȉɍǍǕ٪ǾȉɅ٪ƇƣȉǳǛȷǕح

approach to date 76, 77ؘ٪½ǕƲ٪˚ǾƫǛǾǍȷ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ɅǕǛȷ٪ɅǕƲȷǛȷ٪ǼƇɬ٪ȷƲȯɥƲ٪Ƈȷ٪ǛǾȬɍɅ٪ǌȉȯ٪

ȷǛǼǛǳƇȯ٪ƫǛƲɅƇȯɬ٪ ٪ȉȯح ȷƲǾȷȉȯɬخ٪ƤȉɍǾȷƲǳǳǛǾǍ٪ ǌȉȯ٪ ɅǕƲ٪ǼƇǾƇǍƲǼƲǾɅ٪ȉǌ٪ ȷǼƲǳǳ٪ƇǾƫ٪ ɅƇȷɅƲ٪

ȬȯȉƣǳƲǼȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪حƤǕƇȬɅƲȯ٪ؘׅخ٪Fȉȉƫ٪ǕƇȷ٪Ǿȉ٪ǾɍɅȯǛɅǛȉǾƇǳ٪ɥƇǳɍƲ٪ɦǕƲǾ٪

left uneaten and thus advice on how to cope with smell and taste problems would 

be a valuable addition to dietary advice on nutritional requirements. In the qualitative 

study described in chapter 7, children listed various strategies to manage or cope 

with smell and taste problems.

Regarding smell, children frequently mentioned coping strategies for dealing 

with unpleasant smells, either through avoiding or masking these smells. Masking 

unpleasant smells can be done by using another strong smell that is found to be 

pleasant, such as deodorant. The need to avoid smells seems more often related 

to the smell of food or body odors. For example, kitchen cooking smells can be 
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unpleasant to the extent that the child feels compelled to eat dinner as far away 

ǌȯȉǼ٪ɅǕƲ٪ǯǛɅƤǕƲǾ٪Ƈȷ٪ȬȉȷȷǛƣǳƲ٪حƲؘǍؘؙ٪ɍȬȷɅƇǛȯȷؘخ٪¯ȉǼƲ٪ƤǕǛǳƫȯƲǾ٪ǌȉɍǾƫ٪ǛɅ٪ǛǼȬȉȷȷǛƣǳƲ٪Ʌȉ٪

tolerate certain perfume fragrances worn by either family members or health care 

professionals. Children do not always feel comfortable requesting family, friends, or 

ǕȉȷȬǛɅƇǳ٪ȷɅƇǌǌ٪Ʌȉ٪ȷɅȉȬ٪ɍȷǛǾǍ٪Ƈ٪ȷȬƲƤǛ˚Ƥ٪ȬƲȯǌɍǼƲ٪ȉȯ٪ƫƲȉƫȉȯƇǾɅؘ٪¯ȉǼƲɅǛǼƲȷؙ٪ƤǕǛǳƫȯƲǾ٪

ȷȬȉǯƲ٪ǌȉȯ٪ɅǕƲ٪̊ ȯȷɅ٪ɅǛǼƲ٪ƇƣȉɍɅ٪ɅǕǛȷ٪ɅȉȬǛƤ٪ǛǾ٪ɅǕƲ٪ǛǾɅƲȯɥǛƲɦȷؘ٪Uǌ٪ƲɥƲȯɬȉǾƲ٪ǛǾɥȉǳɥƲƫ٪Ǜȷ٪ƇɦƇȯƲ٪

that children with cancer may experience this discomfort, it will be easier to discuss 

this topic and ask others to pay attention to it.

Regarding taste, coping strategies for a variety of changes have been suggested 

as listed in Table 2. Children who suffer from taste loss, frequently seen among 

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪Ƈ٪ȷȉǳǛƫ٪ɅɍǼȉȯ٪ȉȯ٪ǳɬǼȬǕȉǼƇؙ٪Ƥȉɍǳƫ٪ƣƲǾƲ˚Ʌ٪ǌȯȉǼ٪ƇƫƫǛǾǍ٪ȷɅȯȉǾǍ٪˛Ƈɥȉȯȷ٪

ƇǾƫ٪ȷƲƇȷȉǾǛǾǍȷ٪حƲؘǍؘؙ٪ǕȉɅ٪ƤǕǛǳǛ٪ȷƇɍƤƲؙ٪ȬƲȬȬƲȯؙ ٪ɅƇƣƇȷƤȉخ٪ƤƇɍȷǛǾǍ٪ɅȯǛǍƲǼǛǾƇǳ٪ȷɅǛǼɍǳƇɅǛȉǾؘ٪

Conversely, when tastes are perceived as much more intense, neutral/bland foods 

could be recommended. When food tastes differently, it might help to repeatedly try 

ɅǕǛȷ٪ǌȉȉƫ٪Ʌȉ٪ǍƲɅ٪ɍȷƲƫ٪Ʌȉ٪ǛɅȷ٪ƇǳɅƲȯƲƫ٪˛Ƈɥȉȯ٪ȉȯ٪Ʌȉ٪Ʌȯɬ٪ƇǾƫ٪˚Ǿƫ٪ǾƲɦ٪ǌƇɥȉȯǛɅƲ٪ǌȉȉƫȷؘ٪¯ȉǼƲ٪

children chose to just avoid products for a period trusting that these foods would 

eventually taste good to them again. Several children constantly experienced a bad 

taste in their mouth. Coping strategies to deal with this annoying symptom can be 

found in Table 2. Please note that eating sweets and lollipops can also have adverse 

effects on the teeth, which should be carefully considered by patients and their 

caregivers. Regardless of taste changes as mentioned above, food preferences and 

eating behavior may change during treatment and may even vary from day to day. If 

this is the case, children and parents mentioned that it is important to acknowledge 

these changes and look for other products that may still taste good.

IMPLICATIONS FOR CLINICAL PRACTICE

Changes in smell and taste frequently occur during treatment for childhood cancer. 

However, they are easily overlooked in clinical practice as they are non-life-threatening 

treatment effects. But smell and taste changes are certainly bothersome to children 

and by playing a key role in appetite can be considered a risk factor for malnutrition. 

tƇǳǾȉɍȯǛȷǕƲƫ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ǕƇɥƲ٪Ƈ٪ȷǛǍǾǛ˚ƤƇǾɅǳɬ٪ǍȯƲƇɅƲȯ٪ȯǛȷǯ٪ǌȉȯ٪ǼȉȯƣǛƫǛɅɬ٪ƇǾƫ٪

mortality 78. In other words, the limited clinical attention for the occurrence of smell 

ƇǾƫ٪ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪Ǜȷ٪ɍǾǬɍȷɅǛ˚Ʋƫ٪ƇǾƫ٪ǕǛǍǕǳǛǍǕɅȷ٪ɅǕƲ٪ɍȯǍƲǾɅ٪

8



176

Chapter 8

need to raise more awareness about smell and taste changes among healthcare 

providers such as doctors, nurses, and dietitians. This also includes practical tips 

such as not wearing perfume during working hours, which is unpleasant for many 

children. Furthermore, I advocate standard referral to a dietitian for both nutrition 

and sensory counselling to optimize coping with any smell and taste problems, 

ɅǕɍȷ٪ȯƲƫɍƤǛǾǍ٪ɅǕƲ٪ǾƲƲƫ٪ǌȉȯ٪ƤȉǼȬǳƲǼƲǾɅƇȯɬ٪حɅɍƣƲخ٪ǌƲƲƫǛǾǍ٪ƇǾƫ٪ǳǛǼǛɅǛǾǍ٪ɅǕƲ٪ȯǛȷǯ٪ȉǌ٪

ǼƇǳǾɍɅȯǛɅǛȉǾ٪ƇǾƫ٪ɦƲǛǍǕɅ٪˛ɍƤɅɍƇɅǛȉǾȷ٪ǛǾ٪ȬƇɅǛƲǾɅȷ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅؘ٪UǾ٪ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪

tƈɫǛǼƇ٪�ƲǾɅƲȯؙ٪ƲɥƲȯɬ٪ɅǕȯƲƲ٪ǼȉǾɅǕȷ٪Ƈ٪O§¦ȉj٪ȮɍƲȷɅǛȉǾǾƇǛȯƲ٪ǛǾƤǳɍƫǛǾǍ٪ɅȉȬǛƤȷ٪نǌȉȉƫ٪

ǾȉɅ٪ɅƇȷɅǛǾǍ٪Ǎȉȉƫه٪ƇǾƫ٪نǾƇɍȷƲƇ٪ƤƇɍȷƲƫ٪ƣɬ٪ǌȉȉƫإȷǼƲǳǳȷه٪Ǜȷ٪˚ǳǳƲƫ٪ǛǾ٪ƣɬ٪ȬƇɅǛƲǾɅȷ٪ǛǾ٪gjUg٪

and evaluated during consultation with the pediatric oncologist. If patients show 

poor scores on items pertaining to the perception of food smell and taste, additional 

ƇƫɥǛƤƲ٪ǌȯȉǼ٪Ƈ٪ƫǛƲɅǛɅǛƇǾ٪ǼǛǍǕɅ٪ƣƲ٪ƣƲǾƲ˚ƤǛƇǳؘ

Table 1. ح%ǛƲɅƇȯɬخ٪ȯƲƤȉǼǼƲǾƫƇɅǛȉǾȷ٪ɦǕƲǾ٪ƲɫȬƲȯǛƲǾƤǛǾǍ٪ƤǕƲǼȉɅǕƲȯƇȬɬعǛǾƫɍƤƲƫ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷؘ

Taste changes Recommendations

Increased taste sensitivity Ʌȯɬ٪ƣǳƇǾƫ٪ȉȯ٪ǾƲɍɅȯƇǳ٪ǌȉȉƫȷ٪حƲؘǍؘؙ٪ɬȉǍǕɍȯɅؙ٪ƤȯƇƤǯƲȯؙ٪ƣȉǛǳƲƫ٪ȬȉɅƇɅȉƲȷخ
avoid strong food smells
serve foods cold or at room temperature

Decreased taste sensitivity Ʌȯɬ٪ƫǛǌǌƲȯƲǾɅ٪حȷɅȯȉǾǍخ٪˛Ƈɥȉȯȷ
ƲǾǕƇǾƤƲ٪˛Ƈɥȉȯȷ٪حƲؘǍؘؙ٪ƇƫƫǛǾǍ٪ȷƇǳɅ٪ȉȯ٪ǕƲȯƣȷخ
Ƈƫƫ٪ȷȬǛƤɬ٪ɅȉȬȬǛǾǍȷ٪Ʌȉ٪ƫǛȷǕƲȷ٪حƲؘǍؘؙ٪ȯƇɦ٪ȉǾǛȉǾؙ٪ƤƇȬƲȯȷؙ٪ƤǕǛǳǛ٪ȷƇɍƤƲخ

Food tasting different frequently try those foods to get used to new taste
Ʌȯɬ٪ƫǛǌǌƲȯƲǾɅ٪ǌȉȉƫȷ٪Ʌȉ٪˚Ǿƫ٪ǾƲɦ٪ǌƇɥȉȯǛɅƲȷ
avoid foods that became disgusting

Bad taste in mouth frequently brushing teeth
ƫȯǛǾǯǛǾǍ٪حƲؘǍؘؙ٪ɦƇɅƲȯ٪ȉȯ٪ǳƲǼȉǾƇƫƲخ
sucking on a candy or lollipop

Information to parents and patients about the occurrence of smell and taste changes 

should be provided at the start of treatment. Several parents mentioned that they 

had not expected such severe smell and taste changes in their child and thought 

that their child’s smell and taste problems was exceptional. Since this topic receives 

little or no attention during consultations with doctors or nurse practitioners, parents 

do not know just how frequent and bothersome smell and taste changes can be. 

Furthermore, the neglect of these smell and taste problems in consultations means 

that often parents try several strategies at home in their attempt to manage these 

problems. However, this coping through trial and error is often accompanied by a 
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lot of frustration, which can be prevented if parents and their children are informed 

on these treatment effects in advance.

Taste changes are the main reason for losing interest in food and skipping meals 

in adult cancer patients. Nutritional/educational counseling in these patients 

ȯƲƫɍƤƲȷ٪ȷƲɥƲȯǛɅɬ٪ȉǌ٪ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷ٪ƇǾƫ٪ȬȉȷǛɅǛɥƲǳɬ٪ǛǾ˛ɍƲǾƤƲȷ٪ȉɅǕƲȯ٪ȉɍɅƤȉǼƲȷ٪ȷɍƤǕ٪

as nutritional intake, morbidity, quality of life, and self-care behavior 76, 77, 79. Although 

U٪ƫǛƫ٪ǾȉɅ٪ƲɫȬǳǛƤǛɅǳɬ٪ȷɅɍƫɬ٪ɅǕƲ٪ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ƤǕƇǾǍƲȷ٪ȉǾ٪ƫǛƲɅƇȯɬ٪ǛǾɅƇǯƲ٪

yet, several children claimed that their eating behavior and food choices changed 

ƫɍƲ٪Ʌȉ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪ƤǕƇǾǍƲȷ٪حƤǕƇȬɅƲȯ٪ׅخ٪ƇǾƫ٪ɅǕƇɅ٪ ǛɅ٪ ǛǼȬƇƤɅƲƫ٪ɅǕƲǛȯ٪ƫƇǛǳɬ٪ ǳǛɥƲȷؘ٪

In line with these claims, results described in chapter 5 show that taste function 

and eating behavior in children with cancer are correlated. Therefore, I believe that 

there is an important role for the dietitian at the pediatric oncology ward/center 

too, as children with cancer also often experience smell and taste problems and 

accompanying eating problems. At present, hardly any pediatric oncology dietitian 

ȬƇɬȷ٪ǼɍƤǕ٪ƇɅɅƲǾɅǛȉǾ٪ Ʌȉ٪ ȷǼƲǳǳ٪ƇǾƫ٪ ɅƇȷɅƲ٪ȬȯȉƣǳƲǼȷ٪ ٪¤�U¯ح ǛǾɅƲȯǾƇɅǛȉǾƇǳ٪ ȷɍȯɥƲɬ٪ȉǌ٪

pediatric oncology nutritional practices in high income countries, preliminary dataؘخ٪

½ǕǛȷ٪ǼǛǍǕɅ٪ƣƲ٪ɅǕƲ٪ȯƲȷɍǳɅ٪ȉǌ٪ǛǾȷɍǌ˚ƤǛƲǾɅ٪ƇɦƇȯƲǾƲȷȷ٪ƇǾƫ٪ǯǾȉɦǳƲƫǍƲ٪ȉǌ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪

problems in children with cancer and chemosensory perception in general 80. That 

gap in knowledge can however be remedied with appropriate education allowing 

the pediatric oncology dietitian to deliver more appropriate and patient-centered 

dietary advice.

RECOMMENDATIONS FOR FUTURE RESEARCH

The discussion of the results from this thesis indicates several directions for future 

research. First of all, it would be highly relevant to investigate whether referral to a 

dietitian for counselling regarding smell and/or taste abnormalities improves dietary 

intake, nutritional status, and the quality of life in children with cancer. At the moment, 

sensory counselling by a dietitian is not part of standard care. A study comparing usual 

care with standard care-plus-dietary-counselling for smell and/or taste abnormalities 

ȷȬƲƤǛ˚ƤƇǳǳɬ٪Ƥȉɍǳƫ٪ǛǾƫǛƤƇɅƲ٪ɦǕƲɅǕƲȯ٪ȷɍƤǕ٪ƤȉɍǾȷƲǳǳǛǾǍ٪Ǜȷ٪ǛǾƫƲƲƫ٪ƣƲǾƲ˚ƤǛƇǳؘ

Secondly, it would be interesting to study whether culinary adaptations including 

˛Ƈɥȉȯ٪ƲǾǕƇǾƤƲǼƲǾɅȷ٪ƇȯƲ٪ ǌƲƇȷǛƣǳƲ٪ƇǾƫ٪ƲǌǌƲƤɅǛɥƲ٪ ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؘ٪ UǾ٪ƇƫɍǳɅ٪

8
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ƤƇǾƤƲȯ٪ȬƇɅǛƲǾɅȷؙ٪˛Ƈɥȉȯ٪ƲǾǕƇǾƤƲǼƲǾɅȷ٪ȷƲƲǼ٪Ʌȉ٪ǛǾƤȯƲƇȷƲ٪ǌȉȉƫ٪ƇƤƤƲȬɅƇǾƤƲ٪ǛǾ٪ȬƇɅǛƲǾɅȷ٪

with self-reported smell and/or taste abnormalities 81ؘ٪OȉɦƲɥƲȯؙ٪˛Ƈɥȉȯ٪ƲǾǕƇǾƤƲǼƲǾɅ٪

seems particularly appropriate in case of taste loss, which may not be the case in 

all children with cancer. Of course, lower taste sensitivity have been found during 

active treatment, but this does not necessarily indicate hypogeusia in all cases. In 

contrast, providing more neutral food products might be an effective strategy to 

cope with other taste distortions, such as increased taste sensitivity. Such a study 

should adapt sensory properties of food in various way, suitable for children with 

ƤƇǾƤƲȯ٪ȷȬƲƤǛ˚ƤƇǳǳɬؘ

Thirdly, the relationship between chemosensory changes and nutrition-related 

outcomes such as dietary intake and nutritional status remains unclear. In adults, it 

has been shown that changes in smell and taste function not only affect food liking, 

but also dietary intake and body weight 82. Moreover, a recent study showed that 

self-reported smell and taste alterations in children with cancer are associated with 

impaired nutritional status 83. It would be interesting to study whether objective 

measures of smell and taste function are also associated with other clinical outcomes 

such as infections and survival in children with cancer. Preferably, these studies also 

include analysis of cytokines, cortisol, and NTx levels, as well as the degree of chronic 

ȬȉǳɬȬǕƇȯǼƇƤɬ٪حƲؘǍؘؙ٪ƤȉǼȬȉȷǛɅǛȉǾؙ٪ƫɍȯƇɅǛȉǾؙ٪ƇǾƫ٪ƫȉȷƲؘخ

Lastly, while we already performed measurements of smell and taste function after 

chemotherapy, follow up on longer term should be considered. Both smell and 

taste function seemed to normalize in children after ending intense chemotherapy. 

However, it is unclear if it fully recovers in most children. There is reason to doubt that 

it does. One of the most frequent questions that pediatric oncology dietitians at the 

Princess Maxima Center receive from childhood cancer survivors is “when will my 

ȷƲǾȷƲ٪ȉǌ٪ɅƇȷɅƲ٪ȯƲɅɍȯǾ٪Ʌȉ٪ǾȉȯǼƇǳ٪ƇǍƇǛǾح٪ه؟ȬƲȯȷȉǾƇǳ٪ƤȉǼǼɍǾǛƤƇɅǛȉǾؘخ٪UɅ٪ǕƇȷ٪ƣƲƲǾ٪ȷǕȉɦǾ٪

in a cross-sectional study that some smell and taste dysfunction is still common 

ƇǼȉǾǍ٪ƤǕǛǳƫǕȉȉƫ٪ƤƇǾƤƲȯ٪ȷɍȯɥǛɥȉȯȷ٪حƇɅ٪ǳƲƇȷɅ٪˚ɥƲ٪ɬƲƇȯȷ٪ǛǾ٪ȯƲǼǛȷȷǛȉǾؙخ٪ƇǳɅǕȉɍǍǕ٪ȉɅǕƲȯȷ٪

found that taste function of childhood cancer patients after completing treatment 

no longer differed from healthy controls 84, 85. More research is needed here.
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METHODOLOGICAL CONSIDERATIONS

Some methodological considerations need to be taken into account when 

interpreting the results. Overall, there are some clear strengths of the studies. The 

ȯƲȷɍǳɅȷ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ƤǕƇȬɅƲȯȷ٪׃٪ƇǾƫ٪ׄ ٪ȉǌ٪ɅǕǛȷ٪ɅǕƲȷǛȷ٪ƇȯƲ٪ɅǕƲ٪̊ ȯȷɅ٪ȬȯȉȷȬƲƤɅǛɥƲ٪ƲɥƇǳɍƇɅǛȉǾȷ٪

of smell and taste function in children undergoing chemotherapy. In addition, the 

longitudinal study design as described in chapter 6 includes measurements both 

during and after treatment and is the largest study among children with cancer 

regarding smell and taste function to date. Another strength of this thesis lies in the 

use of both quantitative and qualitative data, which allows for a deeper discussion 

and richer understanding of both the extent and probable causes of perceived smell 

and taste problems in children with cancer. Apart from these strengths there are, 

however, a number of limitations to consider.

First, we were not able to establish a true baseline measurement in the longitudinal 

study examining smell and taste function in children with cancer during and 3 

ǼȉǾɅǕȷ٪ƇǌɅƲȯ٪ǛǾɅƲǾȷƲ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪حƤǕƇȬɅƲȯ٪ؘׄخ٪�ǳǳ٪ƤǕǛǳƫȯƲǾ٪ǕƇƫ٪ƇǳȯƲƇƫɬ٪ȯƲƤƲǛɥƲƫ٪

ƤǕƲǼȉɅǕƲȯƇȬɬ٪ƣƲǌȉȯƲ٪ɅǕƲ٪˚ȯȷɅ٪ǼƲƇȷɍȯƲǼƲǾɅ٪ƇɅ٪½ؙ־٪ȷȉǼƲ٪ׄ٪ɦƲƲǯȷ٪ƇǌɅƲȯ٪ƫǛƇǍǾȉȷǛȷؘ٪

Since the impact of a childhood cancer diagnosis is large, and treatment is often 

started within hours or days after diagnosis, we felt it was unethical to recruit children 

for participating in this study at time of diagnosis. Therefore, results cannot rule out 

that the presumed changes in smell and taste during active treatment are not at all 

the result of chemotherapy.

tȉȯƲȉɥƲȯؙ٪ ȷǼƲǳǳ٪ ƇǾƫ٪ ɅƇȷɅƲ٪ ɅƲȷɅȷ٪ ɦƲȯƲ٪ ƇǳɦƇɬȷ٪ ȬƲȯǌȉȯǼƲƫ٪ ƇɅ٪ ɅǕƲ٪ ˚ȯȷɅ٪ ƫƇɬ٪ ȉǌ٪

administering chemotherapy, when children are in a relatively good condition, having 

recovered from the previous cycle of chemotherapy some weeks before. One could 

argue that measurements at T0-T2 then do not represent a chemotherapy effect on 

smell and taste but rather the effect of recovery from chemotherapy. The rationale 

behind the decision to nonetheless plan these measurements always at the start 

ȉǌ٪Ƈ٪ƤǕƲǼȉɅǕƲȯƇȬɬ٪ƤɬƤǳƲ٪ɦƇȷ٪Ʌȉ٪ǼǛǾǛǼǛɶƲ٪ɅǕƲ٪ ǛǾ˛ɍƲǾƤƲ٪ȉǌ٪ƇƤɍɅƲ٪ɅȯƲƇɅǼƲǾɅ٪ȷǛƫƲ٪

ƲǌǌƲƤɅȷؙ٪ȷɍƤǕ٪Ƈȷ٪ǾƇɍȷƲƇ٪ƇǾƫ٪ȉȯƇǳ٪ǼɍƤȉȷǛɅǛȷؙ٪ƇǾƫ٪Ʌȉ٪ǳǛǼǛɅ٪ɅǕƲ٪ȯǛȷǯ٪ȉǌ٪ȷɅɍƫɬ٪ƇɅɅȯǛɅǛȉǾ٪حǛؘƲؘؙ٪

children no longer wanting to participate due to general malaise associated with 

ǛǾɅƲǾȷƲ٪ƤǕƲǼȉɅǕƲȯƇȬɬؘخ

8
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Another limitation is the heterogeneity of the study samples in both the feasibility 

study and the longitudinal study. Childhood cancer refers to many very different 

ɅɬȬƲȷ٪ȉǌ٪ƤƇǾƤƲȯ٪ƇǾƫ٪ɅǕǛȷ٪ɥƇȯǛƲɅɬ٪Ǜȷ٪ȯƲ˛ƲƤɅƲƫ٪ǛǾ٪ɅǕƲ٪ȷƇǼȬǳƲȷ٪ȉǌ٪ȬƇɅǛƲǾɅȷ٪ǛǾƤǳɍƫƲƫ٪ǛǾ٪ɅǕƲ٪

aforementioned studies. Children with brain malignancies were hardly present in our 

ȷɅɍƫǛƲȷؙ٪ɦǕƲȯƲƇȷ٪Ƈ٪ǕƲǼƇɅȉǳȉǍǛƤƇǳ٪ƤƇǾƤƲȯ٪ƫǛƇǍǾȉȷǛȷ٪ح�jjؙ٪ǼɬƲǳȉǛƫ٪ǼƇǳǛǍǾƇǾƤǛƲȷؙ٪ƇǾƫ٪

ǳɬǼȬǕȉǼƇخ٪ɦƇȷ٪ƫȉǼǛǾƇǾɅؘ٪U٪ƲɫȬƲȯǛƲǾƤƲƫ٪ɅǕƇɅ٪ƲȷȬƲƤǛƇǳǳɬ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƣȯƇǛǾ٪ɅɍǼȉȯȷ٪

were hard to include in the studies and more frequently refrained from participation. 

This might be due to the fact that surgery of the brain tumor is often planned soon 

ƇǌɅƲȯ٪ ƫǛƇǍǾȉȷǛȷؙ٪ ǌȉǳǳȉɦƲƫ٪ƣɬ٪ ׄ٪ɦƲƲǯȷ٪ ȉǌ٪ ٪خȬȯȉɅȉǾح ȯƇƫǛȉɅǕƲȯƇȬɬ٪ ɅȯƇǬƲƤɅȉȯɬ٪ ƇɅ٪ ɅǕƲ٪

University Medical Center Groningen, outside the Princess Máxima Center. Overall, 

the heterogeneity of the sample, and the small number of children per diagnosis 

group, prevented us from examining a clear association between smell and taste 

changes and type of cancer diagnosis. For the same reason, we could not investigate 

possible interactions between cytotoxic agents. However, our results tentatively 

suggest children with hematological malignancies, at least children with ALL, having 

an increased smell sensitivity whereas taste loss appears to be particularly common 

in children with solid tumors and lymphoma. Receiving vincristine was associated 

ɦǛɅǕ٪ǳȉɦƲȯ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇƣǛǳǛɅɬؘ٪tȉȯƲȉɥƲȯؙ٪ƲɅȉȬȉȷǛƫƲ٪ɦƇȷ٪ƇȷȷȉƤǛƇɅƲƫ٪ɦǛɅǕ٪ǳȉɦƲȯ٪

taste sensitivity, whereas mercaptopurine and corticosteroids seem to be associated 

with higher taste sensitivity.

One more methodological consideration concerns the use of the smell and taste 

ǼƲƇȷɍȯƲǼƲǾɅ٪Ʌȉȉǳȷؘ٪FǛȯȷɅǳɬؙ٪ǌȉȯ٪ǼƲƇȷɍȯǛǾǍ٪ȉƫȉȯ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾؙ٪ɦƲ٪ɍȷƲƫ٪Ƈ٪ɅƲȷɅ٪ɦǛɅǕ٪

ֿׄ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ǌȉȯ٪ƇƫɍǳɅȷ٪ǛǾ٪ƤǕƇȬɅƲȯ٪ؙ׃٪ƣɍɅ٪ƇǾȉɅǕƲȯ٪ɥƇǳǛƫƇɅƲƫ٪ƤǕǛǳƫعǌȯǛƲǾƫǳɬ٪ɥƲȯȷǛȉǾ٪

ɦǛɅǕ٪ֿ׀٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ǛǾƤǳɍƫǛǾǍ٪ǾȉȯǼƇɅǛɥƲ٪ɥƇǳɍƲȷ٪ƣƲƤƇǼƲ٪ƇɥƇǛǳƇƣǳƲ٪Ƈ٪ǳǛɅɅǳƲ٪ǳƇɅƲȯ٪ƇǾƫ٪

ɦƇȷ٪ɅǕƲȯƲǌȉȯƲ٪ɍȷƲƫ٪ǛǾ٪ƤǕƇȬɅƲȯ٪ؘׄ٪¯ƲƤȉǾƫǳɬؙ٪ɦƲ٪ɍȷƲƫ٪Ƈ٪ɦǛƫƲ٪ȷɅƲȬ٪ǼƲɅǕȉƫ٪׆ح٪ȷɅƇǛȯƤƇȷƲȷ٪

ǛǾȷɅƲƇƫ٪ȉǌ٪ֿׄخ٪ǌȉȯ٪ɅǕƲ٪ȉƫȉȯ٪ɅǕȯƲȷǕȉǳƫ٪ɅƲȷɅ٪Ʌȉ٪ǳǛǼǛɅ٪ɅǛǼƲ٪ƇǾƫ٪ƣɍȯƫƲǾ٪ȉǌ٪ǛǾɥƲȷɅǛǍƇɅǛȉǾ٪ǛǾ٪

these children. This method has never been used in children but has been shown to 

be reliable in adults 86. However, cut-off values for the odor threshold test were based 

on the original test having 16 staircases, potentially leading to an underestimation of 

increased smell sensitivity. For measuring taste function, we relied on the Taste Strips 

test, which is practical but is not a genuine taste threshold test and a test that has 

only modest reliability. Nonetheless, this test did allow us to measure taste recognition 

ability in children with cancer and to compare their scores against normative values, 

making it the best test available for assessing taste function in children.
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CONCLUSION

In this thesis, I aimed to get insight into smell and taste function of children with cancer. 

We found that changes in smell and taste are very common but rather heterogeneous 

in its presentation. That is, smell and taste sensitivity can be either decreased or 

increased or perceived as completely different than before. Especially these latter 

changes are not always measurable with psychophysical tests, highlighting the 

importance of self-report. In general, I can conclude that smell sensitivity seems higher 

ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪حƣƇȷƲƫ٪ȉǾ٪ȉƣǬƲƤɅǛɥƲ٪ǼƲƇȷɍȯƲȷ٪ȉǌ٪ȷǼƲǳǳ٪ǛƫƲǾɅǛ˚ƤƇɅǛȉǾ٪ƇǾƫ٪ȷƲǳǌعȯƲȬȉȯɅؙخ٪

ȷȬƲƤǛ˚ƤƇǳǳɬ٪ǛǾ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jjؘ٪UǾ٪ƤȉǾɅȯƇȷɅؙ٪ɅƇȷɅƲ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ȷƲƲǼȷ٪ǳȉɦƲȯ٪ƫɍȯǛǾǍ٪ƇƤɅǛɥƲ٪

treatment with chemotherapy. Moreover, most cases of taste loss were found among 

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ǳɬǼȬǕȉǼƇȷ٪ƇǾƫ٪ȷȉǳǛƫ٪ɅɍǼȉȯȷ٪ȷȬƲƤǛ˚ƤƇǳǳɬؘ٪½ǕǛȷ٪ǕƲɅƲȯȉǍƲǾƲǛɅɬ٪ǛǾ٪ȯƲȷɍǳɅȷ٪

lack explanation at present, but regardless of the direction of smell and taste changes I 

can conclude they are common, bothersome, and impact the quality of life in children 

with cancer receiving chemotherapy.

FɍȯɅǕƲȯؙ٪U٪ƤȉǾƤǳɍƫƲ٪ɅǕƇɅ٪ǛǾƫǛɥǛƫɍƇǳ٪حƫǛƲɅƇȯɬخ٪ƇƫɥǛƤƲ٪Ǜȷ٪ȬȯȉƣƇƣǳɬ٪ɅǕƲ٪ƣƲȷɅ٪ƇȬȬȯȉƇƤǕ٪

to manage smell and taste problems. To ensure that childhood cancer patients 

are referred to a dietitian for such counselling, healthcare providers will have to be 

educated on the occurrence of smell and taste changes and on the consequences of 

these changes for children’s appetite and quality of life. Notably, pediatric oncology 

dietitians too need to be educated on chemosensory function and its relation to 

appetite before they can provide optimal dietary/sensory counselling to children with 

ƤƇǾƤƲȯؘ٪FɍɅɍȯƲ٪ȯƲȷƲƇȯƤǕ٪ȷǕȉɍǳƫ٪ǌȉƤɍȷ٪ȉǾ٪ɅǕƲ٪ǕɬȬȉɅǕƲȷǛɶƲƫ٪ƣƲǾƲ˚Ʌȷ٪ȉǌ٪ȷɍƤǕ٪ƫǛƲɅƇȯɬ٪

counselling interventions for children with cancer.

8
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A cancer diagnosis and subsequent treatment have an enormous impact on a 

child’s life. Consequently, physical, psychological, social, and spiritual well-being of 

the child is affected 1. Survival rates of children with cancer have increased over the 

past decades and as a result, pediatric oncology care is no longer focused solely on 

survival 2-4. Surviving childhood cancer requires very intense treatment and can have 

both acute and longer-term effects on a child’s health and well-being 5-7. Therefore, 

more attention is directed towards managing side effects during treatment and late 

ƲǌǌƲƤɅȷ٪ǛǾ٪ȷɍȯɥǛɥȉȯȷǕǛȬؙ٪ɦǕǛƤǕ٪Ǜȷ٪ȯƲ˛ƲƤɅƲƫ٪ǛǾ٪ɅǕƲ٪ǼǛȷȷǛȉǾ٪ȷɅƇɅƲǼƲǾɅ٪ȉǌ٪ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪

Máxima Center: ‘Curing every child with cancer, with an optimal quality of life’.

Nutritional care should be highly prioritized in advancing care of children with cancer, 

as it can have a profound impact on both short- and-long-term outcomes 8-10. Such 

nutritional care or counseling should be provided taking potential taste and smell 

ƤǕƇǾǍƲȷ٪ǛǾɅȉ٪ƇƤƤȉɍǾɅؘ٪ÄǾǌȉȯɅɍǾƇɅƲǳɬؙ٪ɅǕǛȷ٪Ǜȷ٪ǾȉɅ٪Ƈ٪˚ɫɅɍȯƲ٪ȉǌ٪حȬƲƫǛƇɅȯǛƤ٪ȉǾƤȉǳȉǍɬخ٪ƤǳǛǾǛƤƇǳ٪

practice yet. Developing and implementing such counseling seems timely. Until recently, 

hardly any data was available regarding changes in smell and taste in children with 

cancer, but since the COVID-19 pandemic the potential impact of such chemosensory 

changes on eating behavior and quality of life are more readily recognized 11-14.

The aim of this dissertation was to expand our knowledge and understanding of 

children’s changes in smell and taste during treatment for childhood cancer. Apart 

ǌȯȉǼ٪ƤȉǾɅȯǛƣɍɅǛǾǍ٪Ʌȉ٪Ƈ٪ƣȉƫɬ٪ȉǌ٪ȷƤǛƲǾɅǛ˚Ƥ٪ƲɥǛƫƲǾƤƲؙ٪ɅǕƲ٪ȯƲȷɍǳɅȷ٪ƫƲȷƤȯǛƣƲƫ٪ǛǾ٪ɅǕǛȷ٪ɅǕƲȷǛȷ٪

ǼƇɬ٪ǳƲƇƫ٪Ʌȉ٪ɅǕƲ٪ƫƲɥƲǳȉȬǼƲǾɅ٪ȉǌ٪ǾƲɦ٪ǛǾɅƲȯɥƲǾɅǛȉǾȷ٪ƇǾƫ٪حƫǛƲɅƇȯɬخ٪ȯƲƤȉǼǼƲǾƫƇɅǛȉǾȷ٪

ǛǾ٪ɅǕƲ٪ǌɍɅɍȯƲؘ٪UǾ٪ɅǕǛȷ٪ƤǕƇȬɅƲȯؙ٪U٪ɦǛǳǳ٪ƫǛȷƤɍȷȷ٪ɅǕƲ٪ȷƤǛƲǾɅǛ˚Ƥ٪ǛǼȬƇƤɅ٪ȉǌ٪ȉɍȯ٪ȯƲȷƲƇȯƤǕ٪ƣɬ٪

ƇƫƫȯƲȷȷǛǾǍ٪ǛɅȷ٪ȯƲǳƲɥƇǾƤƲ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƇǾƫ٪ɅǕƲǛȯ٪ǌƇǼǛǳǛƲȷ٪ȷȬƲƤǛ˚ƤƇǳǳɬؙ٪ƣɍɅ٪

also for health care professionals and society. Moreover, the dissemination of our 

knowledge is addressed, ending with an overall conclusion.

§-j-Ü�v�-٪F�§٪�OUj%§-v٪ÝU½O٪��v�٪ق٪§-
QUALITY OF LIFE

The results of this thesis are relevant for the child with cancer. I found that smell 

and taste disturbances are highly present among children with cancer, although 

these disturbances vary between individuals. Some patients displayed heightened 

chemosensory function, whereas other patients had decreased chemosensory function.
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Smell sensitivity seems increased during treatment, particularly for children with 

�jj٪ȯƲƤƲǛɥǛǾǍ٪ƤȉȯɅǛƤȉȷɅƲȯȉǛƫȷؘ٪OȉɦƲɥƲȯؙ٪ ɅǕǛȷ٪ɦƇȷ٪ǾȉɅ٪Ƈ٪ƤȉǾȷǛȷɅƲǾɅ٪˚ǾƫǛǾǍ٪ƇƤȯȉȷȷ٪

studies. While our feasibility study indicated heightened smell sensitivity in patients 

ƤȉǼȬƇȯƲƫ٪Ʌȉ٪ƤȉǾɅȯȉǳȷؙ٪ȉɍȯ٪ǳȉǾǍǛɅɍƫǛǾƇǳ٪ȷɅɍƫɬ٪ƫǛƫ٪ǾȉɅ٪ȷǕȉɦ٪ȷǛǍǾǛ˚ƤƇǾɅ٪ƤǕƇǾǍƲȷ٪ǛǾ٪

ȷǼƲǳǳ٪ȷƲǾȷǛɅǛɥǛɅɬ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪حƇǳɅǕȉɍǍǕ٪ƇǾ٪ǛǾƤȯƲƇȷƲ٪ǛǾ٪ǼƇǛǾɅƲǾƇǾƤƲ٪ȬǕƇȷƲ٪ǛǾ٪

ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪�jjؘخ٪OȉɦƲɥƲȯؙ٪ɦƲ٪ƫǛƫ٪˚Ǿƫ٪ɅǕƇɅ٪ƇǾ٪ƲɫȬƲȯǛƲǾƤƲƫ٪حǛؘƲؘؙ٪ȷƲǳǌعȯƲȬȉȯɅƲƫخ٪

increase in smell sensitivity was highly prevalent as well as a generally increased 

ƇƣǛǳǛɅɬ٪Ʌȉ٪ǛƫƲǾɅǛǌɬ٪ȉƫȉȯȷ٪حȯƲǳƇɅǛɥƲ٪Ʌȉ٪ǾȉȯǼ٪ȷƤȉȯƲȷخ٪ƇɅ٪ƲƇƤǕ٪ɅǛǼƲ٪ȬȉǛǾɅؘ

Sweet, bitter, and overall taste scores tended to increase shortly after a cycle of 

chemotherapy, but in contrast to smell function, taste function generally seems 

lowered in children during active treatment with chemotherapy. Based on the Taste 

Strips test, taste loss had an occurrence rate of approximately 20%. Self-reported 

changes in taste occurred in nearly 80% of the children during treatment, although 

these changes were often described as “food tasting different than before” rather 

than changes in taste sensitivity or perceived taste intensity. Regardless of their 

ȬȯƲȷƲǾɅƇɅǛȉǾؙ٪ ƤǕƲǼȉɅǕƲȯƇȬɬعǛǾƫɍƤƲƫ٪ ɅƇȷɅƲ٪ ٪ƇǾƫح ȷǼƲǳǳخ٪ ƤǕƇǾǍƲȷ٪ ƇǌǌƲƤɅ٪ ƲƇɅǛǾǍ٪

ƣƲǕƇɥǛȉȯ٪ƇǾƫ٪حȮɍƇǳǛɅɬ٪ȉǌخ٪ƫƇǛǳɬ٪ǳǛɥƲȷ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ƇǾƫ٪ɅǕƲǛȯ٪ǌƇǼǛǳǛƲȷؘ

In the Netherlands, children and their parents do not receive any standardized 

information regarding the changes in smell and taste that occur during 

chemotherapy. This is perhaps not very surprising. When a child has just received a 

cancer diagnosis, the parents’ main focus is on questions regarding prognosis, type 

of treatment, hospital admissions, medication, lab results, and so on. Most parents are 

initially unaware of the risk for nutritional complications, including changes in smell 

and taste, that are associated with chemotherapy. Further, as chemosensory changes 

are non-life threatening, they are rarely discussed during regular consultations. 

½ǕƲȯƲǌȉȯƲؙ٪ƤǕǛǳƫȯƲǾ٪ƇǾƫ٪ȬƇȯƲǾɅȷ٪ƲǾƫ٪ɍȬ٪ƲɫȬƲȯǛǼƲǾɅǛǾǍ؛٪ɅǕƇɅ٪Ǜȷؙ٪ɅȯɬǛǾǍ٪ȉɍɅ٪ȷƲɥƲȯƇǳ٪

strategies to cope with taste, smell, and eating problems. They manage through 

trial and error but not without unnecessary disappointments and frustration. The 

present results give valuable input for educating children and parents at the start of 

treatment so that they know what to expect and are provided with effective coping 

ȷɅȯƇɅƲǍǛƲȷؘ٪U٪ƣƲǳǛƲɥƲ٪ɅǕƇɅ٪ɅǕǛȷ٪ȯƲȷƲƇȯƤǕ٪ɦǛǳǳ٪ǕƇɥƲ٪Ƈ٪ǳƇȯǍƲ٪ǛǾ˛ɍƲǾƤƲ٪ȉǾ٪ɅǕƲ٪ƫƇǛǳɬ٪حȮɍƇǳǛɅɬ٪

ȉǌخ٪ǳǛǌƲ٪ȉǌ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯؙ٪ȉǾ٪ɅǕƲǛȯ٪ȬǳƲƇȷɍȯƲ٪ȉǌ٪ƲƇɅǛǾǍؙ٪ƇǾƫ٪ȉǾ٪ɅǕƲǛȯ٪ǾɍɅȯǛɅǛȉǾƇǳ٪

status and clinical outcomes.

9
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Unlike older adults who survive cancer, childhood cancer survivors have a whole 

life ahead of them. Their adult life is marked by an increased risk for various non-

communicable diseases. For example, childhood cancer survivors have an additional 

risk of developing cardiometabolic disease 15-17. Treatment trajectories for childhood 

cancer appear to be a period in which children develop unhealthy eating habits 

and food preferences 18. Parents are already happy if their child eats something, 

even if it is just ice cream or fries. Studies suggest that long-term changes in 

chemosensory function and appetite may affect eating habits in survivorship 19. In 

ƇƫƫǛɅǛȉǾؙ٪ƇƫɥƲȯȷƲ٪ƲǌǌƲƤɅȷ٪ƫɍȯǛǾǍ٪ɅȯƲƇɅǼƲǾɅ٪حƲؘǍؘؙ٪ǾƇɍȷƲƇؙ٪ɥȉǼǛɅǛǾǍؙ٪ǼɍƤȉȷǛɅǛȷخ٪ǕƇɥƲ٪

been associated with reduced dietary intake and pleasure, consequently changing 

dietary patterns which may become longer-term habits 20-23. Unfortunately, such 

ƇƤȮɍǛȯƲƫ٪ ɍǾǕƲƇǳɅǕɬ٪ ƲƇɅǛǾǍ٪ ǕƇƣǛɅȷ٪ ٪ƲؘǍؘؙح ƫƲƤȯƲƇȷƲƫ٪ ǌȯɍǛɅ٪ ƇǾƫ٪ ɥƲǍƲɅƇƣǳƲ٪ ǛǾɅƇǯƲؙ٪

ǛǾƤȯƲƇȷƲƫ٪ǬɍǾǯ٪ǌȉȉƫ٪ƤȉǾȷɍǼȬɅǛȉǾ٪ƇǾƫ٪ȬȉȯɅǛȉǾ٪ȷǛɶƲȷخ٪ǕƇɥƲ٪ƣƲƲǾ٪ȬȯȉɥƲǾ٪ƫǛǌ˚ƤɍǳɅ٪Ʌȉ٪

unlearn in survivorship 18, 24, 25. Therefore, research into the development of tailor-

made dietary recommendations to alleviate treatment-related side effects, but also 

adequate nutrition education during and after treatment, is relevant for patients as 

well as their families and society.

RELEVANCE FOR HEALTH CARE 
¤§�F-¯¯U�v�j¯٪ق٪¦Ä�jU½ã٪�F٪��§-

½ǕƲ٪˚ǾƫǛǾǍȷ٪ȉǌ٪ɅǕǛȷ٪ɅǕƲȷǛȷ٪Ƈǳȷȉ٪ƇȬȬǳɬ٪Ʌȉ٪ȬƲƫǛƇɅȯǛƤ٪ȉǾƤȉǳȉǍɬ٪ǕƲƇǳɅǕ٪ƤƇȯƲ٪ȬȯȉǌƲȷȷǛȉǾƇǳȷ٪

including doctors, nurses, dietitians, nutrition assistants, chefs, psychologists, 

pedagogical staff, and all other team members involved. Apart from informing and 

educating patients and their parents, health care professionals should be educated 

too. At the moment, there is little knowledge and awareness about smell and taste 

changes in children with cancer undergoing chemotherapy. Therefore, it is necessary 

to share the results of this thesis at the various departments of the Princess Máxima 

�ƲǾɅƲȯؙ٪Ƈȷ٪ɦƲǳǳ٪Ƈȷ٪ǛɅȷ٪ȷǕƇȯƲƫ٪ƤƇȯƲ٪ƤƲǾɅƲȯȷ٪حǛؘƲؘؙ٪ȬƲƫǛƇɅȯǛƤ٪ƫƲȬƇȯɅǼƲǾɅȷ٪ɦǛɅǕǛǾ٪ǕȉȷȬǛɅƇǳȷ٪

ƇƤȯȉȷȷ٪ɅǕƲ٪vƲɅǕƲȯǳƇǾƫȷ٪ɅǕƇɅ٪ƤǳȉȷƲǳɬ٪ɦȉȯǯ٪ɦǛɅǕ٪ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪�ƲǾɅƲȯخ٪ƇǾƫ٪

ɅǕƲ٪�ǕǛǳƫȯƲǾىȷ٪�ȉǼǌȉȯɅ٪½ƲƇǼ٪حǛؘƲؘؙ٪ǕƲƇǳɅǕ٪ƤƇȯƲ٪ȬȯȉǌƲȷȷǛȉǾƇǳȷ٪ȬȯȉɥǛƫǛǾǍ٪ǕȉǼƲ٪ƤƇȯƲؙخ٪Ʌȉ٪

provide the best possible quality of care.
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AND NOW?

All studies including children with cancer as described in this thesis were designed 

in close collaboration with parents of patients via the Dutch Childhood Cancer 

�ȯǍƇǾǛɶƇɅǛȉǾ٪حÜgvؘخ٪Fȉȯ٪ƲɫƇǼȬǳƲؙ٪ȬƇɅǛƲǾɅ٪ǛǾǌȉȯǼƇɅǛȉǾ٪ǳƲɅɅƲȯȷ٪ƇǾƫ٪ǛǾɅƲȯɥǛƲɦ٪ǍɍǛƫƲȷ٪

were reviewed and commented upon by the VKN before I used these forms and 

ǳƲɅɅƲȯȷ٪ǛǾ٪ɅǕƲ٪ȷɅɍƫǛƲȷؘ٪¯ǛǾƤƲ٪ɅǕǛȷ٪ɅǕƲȷǛȷ٪ǕƇȷ٪ƣƲƲǾ٪˚ǾƇǳǛɶƲƫؙ٪ɦƲ٪ɦǛǳǳ٪ȷǕƇȯƲ٪ȉɍȯ٪ȯƲȷɍǳɅȷ٪ƇǾƫ٪

knowledge with this audience via their monthly newsletter and quarterly magazine 

٪tȉȯƲȉɥƲȯؙ٪Ƈ٪ȷƲƤɅǛȉǾ٪ƇƣȉɍɅ٪ƤǕƇǾǍƲȷ٪ǛǾ٪ȷǼƲǳǳ٪ƇǾƫ٪ɅƇȷɅƲ٪ɦǛǳǳ٪ƣƲ٪ƇƫƫƲƫ٪Ʌȉ٪ɅǕƲ٪ؘخ�ɅɅƲǾɅح

information diary that children and parents receive at the start of treatment.

Apart from sharing our knowledge at several departments and shared care center 

ȉǌ٪ɅǕƲ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪�ƲǾɅƲȯؙ٪Ƈȷ٪ǼƲǾɅǛȉǾƲƫ٪ƣƲǌȉȯƲؙ٪ȉɍȯ٪ȯƲȷɍǳɅȷ٪ɦǛǳǳ٪ƣƲ٪حƇǾƫ٪ǕƇɥƲ٪

ƣƲƲǾخ٪ȷǕƇȯƲƫ٪ɅǕȯȉɍǍǕ٪ȬɍƣǳǛƤƇɅǛȉǾȷ٪ǛǾ٪ȬƲƲȯعȯƲɥǛƲɦƲƫ٪ǬȉɍȯǾƇǳȷ٪ƇǾƫ٪ȬȯƲȷƲǾɅƇɅǛȉǾȷ٪ƇɅ٪

international congresses.

Lastly, I will collaborate with Institute Paul Bocuse in Lyon to further work on 

ƲɫȬǳȉȯǛǾǍ٪ƤɍǳǛǾƇȯɬ٪ƇƫƇȬɅƇɅǛȉǾȷ٪ǌȉȯ٪ƤǕǛǳƫȯƲǾ٪ɦǛɅǕ٪ƤƇǾƤƲȯ٪ȷȬƲƤǛ˚ƤƇǳǳɬؘ٪½ǕȯȉɍǍǕ٪ɅǕǛȷؙ٪

ɦƲ٪ǕȉȬƲ٪Ʌȉ٪˚Ǿƫ٪ƇȬȬȯȉƇƤǕƲȷ٪Ʌȉ٪ƇǳǳƲɥǛƇɅƲ٪ɅǕƲ٪ƫƲɅȯǛǼƲǾɅƇǳ٪ƲǌǌƲƤɅȷ٪ȉǌ٪ƤǕƲǼȉȷƲǾȷȉȯɬ٪

changes on food intake, thereby improving nutritional status and quality of life of 

children with cancer.

CONCLUSION

In sum, this dissertation enhances our understanding of how smell and taste 

function might change in children with cancer undergoing chemotherapy. Although 

ȉɍȯ٪˚ǾƫǛǾǍȷ٪ɦƇȯȯƇǾɅ٪ǌɍȯɅǕƲȯ٪ǛǾɥƲȷɅǛǍƇɅǛȉǾؙ٪ɅǕƲɬ٪ƤƇǾ٪ƣƲ٪ɍȷƲƫ٪Ʌȉ٪ƲƫɍƤƇɅƲ٪ȬƇɅǛƲǾɅȷؙ٪

their families, and health care professionals regarding expectations and coping 

strategies of smell and taste alterations. Moreover, it provides a useful starting point 

ǌȉȯ٪ǾƲɦ٪حƫǛƲɅƇȯɬخ٪ȯƲƤȉǼǼƲǾƫƇɅǛȉǾȷ٪ƇǾƫ٪ǛǾɅƲȯɥƲǾɅǛȉǾȷؙ٪ǛǾƤǳɍƫǛǾǍ٪ȷɅɍƫɬǛǾǍ٪ɦǕƲɅǕƲȯ٪

counseling by a dietitian regarding smell and taste changes is effective in improving 

food intake, nutritional status, and quality of life of children with cancer.

9
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NEDERLANDSE SAMENVATTING

Toen we in 2018 begonnen met dit onderzoek, was er nauwelijks iets bekend over 

reuk – en smaakveranderingen bij kinderen met kanker. Dat het een onderwerp 

was dat leefde, bleek wel uit de vragen die artsen, verpleegkundigen en diëtisten 

hierover kregen. In datzelfde jaar verscheen er voor het eerst een artikel dat liet zien 

hoeveel kinderen met kanker hiermee te maken krijgen. Tot wel 60% van de kinderen 

rapporteert smaakveranderingen en noemt dit één van de meest vervelende 

klachten tijdens de behandeling voor kinderkanker. Over reukveranderingen bij 

kinderen met kanker wisten we nog helemaal niets. Werk aan de winkel dus. 

In hoofdstuk 1, de algemene inleiding, wordt verder ingegaan op de achtergrond 

en doelen van dit proefschrift. In de afgelopen decennia is de behandeling van 

kinderkanker dusdanig verbeterd, dat de overlevingskansen zijn toegenomen tot 

ongeveer 80%. Echter gaan deze behandelingen wel gepaard met bijwerkingen, 

zoals misselijkheid, braken en mucositis, die de voedingsinname beïnvloeden en 

het risico op ondervoeding vergroten. Een slechte voedingstoestand – dit omvat 

zowel ondergewicht als overgewicht – wordt geassocieerd met meer infecties, een 

verminderde overleving en lagere kwaliteit van leven bij kinderen met kanker. Het 

is dus belangrijk dat een kind met kanker goed gevoed is – en blijft – tijdens de 

behandeling. 

Naast de eerdergenoemde bijwerkingen, kunnen ook reuk– en smaakveranderingen 

de voedingsinname in gevaar brengen. De behandeling van kinderkanker bestaat 

naast chirurgie en radiotherapie hoofdzakelijk uit chemotherapie, dat als doel heeft 

om snel delende kankercellen te doden. Er wordt verondersteld dat chemotherapie 

ook andere snel delende cellen aantast, zoals reuk– en smaakreceptoren. Bij 

volwassen patiënten die chemotherapie kregen, lijkt dit met name te resulteren in 

reuk en/of smaakverlies. Het reukvermogen speelt, naast het herkennen van gevaar, 

een belangrijke rol in het opwekken van eetlust. Daarnaast is de smaak van eten één 

van de belangrijkste aspecten bij de keuze om een voedingsmiddel wel of niet te 

ƤȉǾȷɍǼƲȯƲǾؘ٪�Ȭ٪ǕƲɅ٪ǼȉǼƲǾɅ٪ƫƇɅ٪حƲƲǾ٪ɥƇǾخ٪ƫƲɶƲ٪ɶǛǾɅɍǛǍƲǾ٪ƇƇǾǍƲɅƇȷɅ٪ɶǛǬǾؙ٪ǕƲƲǌɅ٪ƫǛɅ٪

logischerwijs invloed op de hoeveelheid die er gegeten wordt of de mate van plezier 

waarmee er gegeten wordt. 
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Het doel van dit onderzoek was om reuk en smaakfunctie bij kinderen met 

kanker te onderzoeken. Hiervoor zijn diverse studies opgezet. Allereerst wilden we 

meer inzicht krijgen in smaakfunctie van kinderen in het algemeen, hoe dit zich 

ȉǾɅɦǛǯǯƲǳɅ٪ǛǾ٪ǕɍǾ٪ǬȉǾǍƲ٪ǬƇȯƲǾ٪ƲǾ٪ǕȉƲ٪ƫǛɅ٪ǕƲɅ٪ƣƲȷɅƲ٪ɅƲ٪ǼƲɅƲǾ٪Ǜȷ٪حǕȉȉǌƫȷɅɍǯǯƲǾ٪׀٪ƲǾ٪

٪ÜƲȯɥȉǳǍƲǾȷ٪Ǜȷ٪ȯƲɅȯȉȷȬƲƤɅǛƲɥƲ٪ƫƇɅƇ٪ɥƇǾ٪vƲƫƲȯǳƇǾƫȷƲ٪ǯǛǾƫƲȯƲǾ٪ǼƲɅ٪ǯƇǾǯƲȯ٪ǍƲƣȯɍǛǯɅ٪ؘخׁ

om een inzicht te krijgen in misselijkheid en daaraan gerelateerde symptomen 

٪ƇƇȯǾƇƇȷɅ٪Ǜȷ%٪ؘخׂ٪ɶȉƇǳȷ٪ɥƲȯƇǾƫƲȯǛǾǍƲǾ٪ȉȬ٪ǕƲɅ٪ǍƲƣǛƲƫ٪ɥƇǾ٪ȯƲɍǯ٪ƲǾ٪ȷǼƇƇǯؙ٪ǕȉȉǌƫȷɅɍǯح

gekeken of het meten van reuk– en smaakfunctie haalbaar is bij kinderen met kanker 

٪ǕȉȉǌƫȷɅɍǯح٪ƲǾ٪ȉǌ٪ƫǛɅ٪ɥƲȯƇǾƫƲȯɅ٪ɅǛǬƫƲǾȷ٪ƣƲǕƇǾƫƲǳǛǾǍ٪ǼƲɅ٪ƤǕƲǼȉɅǕƲȯƇȬǛƲ٪خ׃٪ǕȉȉǌƫȷɅɍǯح

٪ػƲǾȷǳȉɅɅƲ٪ɶǛǬǾ٪ǯǛǾƫƲȯƲǾ٪ǼƲɅ٪ǯƇǾǯƲȯ٪ǍƲǡǾɅƲȯɥǛƲɦƫ٪ȉɥƲȯ٪ǕɍǾ٪ƲȯɥƇȯǛǾǍƲǾ٪ǼƲɅ٪ȯƲɍǯ½٪ؘخׄ

ƲǾ٪ȷǼƇƇǯɥƲȯƇǾƫƲȯǛǾǍƲǾ٪ƲǾ٪ƫƲ٪ǛǼȬƇƤɅ٪ǕǛƲȯɥƇǾ٪ȉȬ٪ǕɍǾ٪ƫƇǍƲǳǛǬǯȷ٪ǳƲɥƲǾ٪حǕȉȉǌƫȷɅɍǯ٪ؘׅخ٪

Hoofdstuk 2 is een overzichtsartikel waarin de beschikbare literatuur over 

smaakverlies bij kinderen en de daarvoor geschikte meetinstrumenten wordt 

samengevat. Dit artikel laat zien dat er diverse medische aandoeningen zijn die de 

smaakfunctie van kinderen kunnen beïnvloeden. Denk hierbij, naast kinderkanker, 

aan taaislijmziekte, diabetes type 1, nierfalen, astma en autisme. Er zijn echter maar 

weinig smaaktesten geschikt om bij kinderen af te nemen in een klinische setting. 

De zogenaamde “Taste Strips test” bleek de enige smaaktest die gemakkelijk is te 

verkrijgen en af te nemen. Voor deze test waren alleen nog geen normaalwaarden 

voor kinderen beschikbaar, wat het gebruik ervan beperkt in de kliniek. 

Vervolgens wordt in hoofdstuk 3٪ƫƲ٪ȷǼƇƇǯǌɍǾƤɅǛƲ٪ɥƇǾ٪ׇׄ־٪ǍƲɶȉǾƫƲ٪ǯǛǾƫƲȯƲǾ٪ׄح٪

٪ǍƲǼƲɅƲǾ٪ǼƲɅ٪ƣƲǕɍǳȬ٪ɥƇǾ٪ƫƲ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪ȉǼ٪ǾȉȯǼƇƇǳɦƇƇȯƫƲǾ٪ɅƲ٪ƤȯƲƾȯƲǾ٪خǬƇƇȯ٪׃ֿ٪ػ

voor deze smaaktest. Taste Strips zijn papieren strips waarbij de smaken zoet, zuur, 

zout en bitter in diverse concentraties zijn geïmpregneerd. Dit hoofdstuk beschrijft, 

naast leeftijd en geslacht, ook de relatie met gevoeligheid voor de bittere stof 

٪ƲǾ٪ȷǼƇƇǯǌɍǾƤɅǛƲ٪ɥƇǾ٪ǯǛǾƫƲȯƲǾؘ٪خ¤�§¤ح٪ȬȯȉȬɬǳɅǕǛȉɍȯƇƤǛǳعǾعׄ

Resultaten toonden dat de smaakfunctie toeneemt naarmate kinderen ouder worden, 

waarbij we 3 leeftijdsgroepen van elkaar konden onderscheiden, namelijk kinderen 

van 6 – 7 jaar, 8 – 9 jaar en 10 – 15 jaar. Daarnaast bleek dat meisjes beter proeven dan 

ǬȉǾǍƲǾȷؘ٪%ǛɅ٪ȯƲȷɍǳɅƲƲȯƫƲ٪ǛǾ٪ǾȉȯǼƇƇǳɦƇƇȯƫƲǾ٪ȷȬƲƤǛ˚Ʋǯ٪ɥȉȉȯ٪ǳƲƲǌɅǛǬƫ٪ƲǾ٪ǍƲȷǳƇƤǕɅؙ٪ɦƇƇȯƣǛǬ٪

het 10e percentiel gebruikt wordt als afkappunt om een normale smaakfunctie te 

onderscheiden van een verminderde smaakfunctie. Ook vonden we dat kinderen die 

PROP kunnen waarnemen, ook wel “supertasters” genoemd, een betere smaakfunctie 
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hebben dan kinderen die PROP niet kunnen waarnemen. Ten slotte bleek dat de mate 

ɦƇƇȯǛǾ٪ǯǛǾƫƲȯƲǾ٪ǕɍǾ٪ƲǛǍƲǾ٪ȷǼƇƇǯǌɍǾƤɅǛƲ٪ƣƲȉȉȯƫƲǳƲǾ٪حȷɍƣǬƲƤɅǛƲǌخ٪ǾǛƲɅ٪ȷƇǼƲǾǕƇǾǍɅ٪

ǼƲɅ٪ȷǼƇƇǯȷƤȉȯƲȷ٪ɶȉƇǳȷ٪ǍƲǼƲɅƲǾ٪ǼƲɅ٪ƫƲ٪½ƇȷɅƲ٪¯ɅȯǛȬȷ٪حȉƣǬƲƤɅǛƲǌؘخ٪

In hoofdstuk 4 wordt een retrospectief cohortonderzoek beschreven naar de 

aanwezigheid en ernst van misselijkheid en misselijkheid-gerelateerde symptomen bij 

kinderen met kanker tijdens het eerste jaar van hun behandeling. Daarnaast hebben 

we gekeken naar mogelijke risicofactoren en hebben we de invloed van misselijkheid 

en misselijkheid-gerelateerde symptomen op de kwaliteit van leven bij kinderen met 

kanker onderzocht. We hebben hiervoor gebruik gemaakt van kwaliteit van leven 

ɥȯƇǍƲǾǳǛǬȷɅƲǾ٪ƫǛƲ٪ƲǳǯƲ٪ׁ٪ǼƇƇǾƫƲǾ٪ɦȉȯƫƲǾ٪ƇƇǾǍƲƣȉƫƲǾ٪ǛǾ٪gjUg٪حgɦƇǳǛɅƲǛɅ٪ɥƇǾ٪jƲɥƲǾ٪UǾ٪

gƇƇȯɅخ٪ɶȉǳƇǾǍ٪ǯǛǾƫƲȯƲǾ٪ǛǾ٪ƣƲǕƇǾƫƲǳǛǾǍ٪ɶǛǬǾؘ٪Üȉȉȯ٪ƫƲɶƲ٪ȷɅɍƫǛƲ٪ǕƲƣƣƲǾ٪ɦƲ٪ȉǾȷ٪ǍƲǌȉƤɍȷɅ٪

op de ‘misselijkheidsschaal’ uit deze vragenlijst, welke bestaat uit de volgende 

onderdelen: misselijk worden tijdens medische behandelingen, eten dat niet goed 

smaakt, misselijk worden bij het denken aan medische behandelingen, te misselijk 

zijn om te eten, misselijk worden van voedsel/geuren. In totaal vulden 781 kinderen 

ǼƲɅ٪ǯƇǾǯƲȯ٪ֿ׀٪ػ٪׀ح٪ǬƇƇȯخ٪ȉǌ٪ǕɍǾ٪ȉɍƫƲȯȷ٪ƫƲɶƲ٪ɥȯƇǍƲǾǳǛǬȷɅƲǾ٪ǛǾ٪ɅɍȷȷƲǾ٪ֿׄ־׀٪ƲǾ٪ֿؘ׀־׀٪

De resultaten toonden aan dat misselijkheid tijdens de medische behandeling het 

meest voorkomt rond 6 maanden na de diagnose. Wanneer er gekeken wordt naar 

de individuele onderdelen van de ‘misselijkheidsschaal’, dan blijkt dat ‘eten dat niet 

ǍȉƲƫ٪ȷǼƇƇǯɅى٪ǕƲɅ٪ɥƇƇǯȷɅ٪ɦȉȯƫɅ٪ǍƲǾȉƲǼƫ٪ؙخڤׁׄ٪ػ٪׀׃ح٪ǍƲɥȉǳǍƫ٪ƫȉȉȯ٪ ٪ǼǛȷȷƲǳǛǬǯǕƲǛƫو

ɥƲȯȉȉȯɶƇƇǯɅ٪ƫȉȉȯ٪ɥȉƲƫȷƲǳإǍƲɍȯƲǾؘخڤ׆ׂ٪ػ٪ׁׂح٪ى٪¤ǛǬǾؙ٪ƇǾǍȷɅ٪ɥȉȉȯ٪ƫƲ٪ƣƲǕƇǾƫƲǳǛǾǍ٪ƲǾ٪

zorgen werden bij alle kinderen met kanker gerelateerd aan misselijkheid. Bij 

patiënten van 8 tot 21 jaar werd daarnaast gevonden dat het mannelijke geslacht, 

een solide tumor en een laag BMI van invloed zijn op het ervaren van misselijkheid. 

Ten slotte hebben misselijkheid-gerelateerde symptomen een negatieve invloed op 

de kwaliteit van leven van kinderen met kanker. Met andere woorden, misselijkheid 

– vooral in relatie met de smaak en geur van eten – komt vaak voor en heeft een 

negatieve invloed op de kwaliteit van leven bij kinderen met kanker.

In hoofdstuk 5 wordt gekeken naar de haalbaarheid van het meten van reuk en 

ȷǼƇƇǯؙ٪ǼƲɅ٪ƣƲǕɍǳȬ٪ɥƇǾ٪ȯƲȷȬƲƤɅǛƲɥƲǳǛǬǯ٪ƫƲ٪¯ǾǛǌ˚Ǿى٪¯ɅǛƤǯȷ٪ƲǾ٪½ƇȷɅƲ٪¯ɅȯǛȬȷؙ٪ƣǛǬ٪ǯǛǾƫƲȯƲǾ٪

met kanker. Naast haalbaarheid is er ook gekeken of reuk – en smaakscores 

daadwerkelijk veranderden na een chemokuur en of deze anders waren dan de 

scores van gezonde kinderen. Ook werd de dichtheid van de smaakpapillen gemeten 
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en het eetgedrag in kaart gebracht door middel van een vragenlijst. Eenendertig 

kinderen met kanker en 24 gezonde broertjes/zusjes of vriendjes/vriendinnetjes 

tussen de 6 en 18 jaar deden mee met dit onderzoek. 

Allereerst vonden we dat het meten van reuk en smaak met objectieve testen 

ǕƇƇǳƣƇƇȯ٪ɦƇȷ٪ƣǛǬ٪ ǯǛǾƫƲȯƲǾ٪ǼƲɅ٪ ǯƇǾǯƲȯ٪ ٪ƫؘɦؘɶؘح ǕƲɅ٪ ɥȉǳɅȉȉǛƲǾ٪ ɥƇǾ٪ƫƲ٪ ɅƲȷɅƲǾ٪ƫȉȉȯ٪

٪ƤǕɅƲȯ٪ƣǳƲǯƲǾ٪Ʋȯ٪ɦƲǳ٪ɦƇɅ٪ƇƇǾȬƇȷȷǛǾǍƲǾ٪ǾȉƫǛǍ٪ɅƲ٪ɶǛǬǾ٪ɥȉȉȯ-٪ؘخɥƇǾ٪ƫƲ٪ǯǛǾƫƲȯƲǾ٪ڤ־ׄړ

toekomstig onderzoek om de totale duur van de testen wat in te korten, zoals 

het achterwege laten van zowel de geur discriminatietest als het bepalen van de 

dichtheid van de smaakpapillen. Vervolgens vonden we dat de totale smaakscore, 

inclusief de scores voor zoet en bitter, hoger was na een chemokuur en dat kinderen 

met kanker gevoeliger zijn voor geuren dan gezonde kinderen. Tenslotte bleek 

dat smaakfunctie samenhangt met eetgedrag maar niet met de dichtheid van 

smaakpapillen.   

Hoofdstuk 6٪ƣƲȷƤǕȯǛǬǌɅ٪ƲƲǾ٪ǳȉǾǍǛɅɍƫǛǾƇǳƲ٪ȷɅɍƫǛƲ٪ɦƇƇȯƣǛǬ٪ׇׂ٪ǯǛǾƫƲȯƲǾ٪ǼƲɅ٪ǯƇǾǯƲȯ٪ׄح٪

٪ɦƲȯƫƲǾ٪ǍƲɥȉǳǍƫ٪ɅǛǬƫƲǾȷ٪ƲǾ٪ǾƇ٪ƫƲ٪ƣƲǕƇǾƫƲǳǛǾǍ٪ǼƲɅ٪ƤǕƲǼȉɅǕƲȯƇȬǛƲؘ٪§Ʋɍǯ٪خǬƇƇȯ٪׆ֿ٪ػ

٪ƲǾ٪ȷǼƇƇǯǌɍǾƤɅǛƲ٪ɦƲȯƫƲǾ٪خƲǾ٪ǕƲȯǯƲǾǾƲǾ٪ɥƇǾ٪ǍƲɍȯƲǾ٪ػ٪ȉǼɥƇɅ٪ǍƲɥȉƲǳǛǍǕƲǛƫ٪ɥȉȉȯح

ǍƲǼƲɅƲǾ٪ȉȬ٪ɥƲȯȷƤǕǛǳǳƲǾƫƲ٪ɅǛǬƫȷɅǛȬȬƲǾ٪ɅǛǬƫƲǾȷ٪ƫƲ٪ƣƲǕƇǾƫƲǳǛǾǍ٪ׄح٪ɦƲǯƲǾؙ٪ׁ٪ǼƇƇǾƫƲǾ٪

ƲǾ٪ׄ٪ǼƇƇǾƫƲǾ٪ǾƇ٪ƫǛƇǍǾȉȷƲخ٪ƲǾ٪ׁ٪ǼƇƇǾƫƲǾ٪ǾƇ٪ƫƲ٪ǳƇƇɅȷɅƲ٪ƤǕƲǼȉǯɍɍȯؘ٪�ǛǬ٪ǯǛǾƫƲȯƲǾ٪

ǼƲɅ٪ ƇƤɍɅƲ٪ ǳɬǼǌȉƣǳƇȷɅǛȷƤǕƲ٪ ǳƲɍǯƲǼǛƲ٪ ٪ɦƲȯƫ٪خ�jjح ƫƲ٪ ǳƇƇɅȷɅƲ٪ǼƲɅǛǾǍ٪ ɍǛɅǍƲɥȉƲȯƫ٪

tijdens de zogenaamde onderhoudsfase, waarbij kinderen een veel mildere vorm 

ɥƇǾ٪ƤǕƲǼȉɅǕƲȯƇȬǛƲ٪ǯȯǛǬǍƲǾ٪ ٪ƫȉȉȯǍƇƇǾȷ٪ƣƲȷɅƇƇǾƫƲ٪ɍǛɅ٪ȉȯƇǳƲ٪ǼƲȯƤƇȬɅȉȬɍȯǛǾƲ٪ƲǾح

ǼƲɅǕȉɅȯƲɫƇƇɅؙ٪ƇƇǾǍƲɥɍǳƫ٪ǼƲɅ٪ƫƲɫƇǼƲɅǕƇȷȉǾ٪ƲǾ٪ɥǛǾƤȯǛȷɅǛǾƲ٪ɥȉȉȯ٪ȷȉǼǼǛǍƲ٪ȬƇɅǛƾǾɅƲǾخ٪

waarvoor geen ziekenhuisopname nodig is. Het doel van dit onderzoek was om 

vast te stellen in hoeverre reuk– en smaakveranderingen tijdens de behandeling 

optreden, of deze na de behandeling weer verdwijnen, en welke factoren er mogelijk 

samenhangen met deze veranderingen.

Als het gaat om het reukvermogen, dan was er geen verandering in reuk-

gevoeligheid en het herkennen van geuren tijdens de actieve behandeling. Wel 

ǾƇǼ٪ȯƲɍǯǍƲɥȉƲǳǛǍǕƲǛƫ٪Ƈǌ٪ ǛǾ٪ƫƲ٪ȉǾƫƲȯǕȉɍƫȷǌƇȷƲ٪ ٪�ƇǾǍƲɶǛƲǾ٪ؘخǯǛǾƫƲȯƲǾ٪ǼƲɅ٪�jjح

we geen uitgangsmeting konden uitvoeren voor de start van chemotherapie, 

suggereert dit een verhoogde reukgevoeligheid tijdens de actieve behandeling 

met chemotherapie bij kinderen met ALL. Het aantal kinderen met kanker met een 

normale reukgevoeligheid was niet anders dan dat we zien bij gezonde kinderen 
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٪ɦƇɅ٪ɦƲǳ٪ǕƲɅ٪ǍƲɥƇǳ٪ɦƇȷ٪ɥȉȉȯ٪ǕƲɅ٪ǕƲȯǯƲǾǾƲǾ٪ɥƇǾ٪ǍƲɍȯƲǾؘ٪½ƲȯɦǛǬǳ٪ؙخǾȉȯǼƇƇǳɦƇƇȯƫƲǾح

een verminderde reukgevoeligheid nauwelijks voorkomt bij kinderen met kanker, 

is er wel een deel van de kinderen dat geuren minder goed herkent alsook een deel 

dat geuren beter herkent ten opzichte van de normaalwaarden. We zagen daarbij 

ook verschillen per diagnosegroep, vooral kinderen met myeloïde maligniteiten 

en lymfomen hadden een verhoogde reukgevoeligheid en konden geuren beter 

herkennen. Zelfrapportage laat ook zien dat kinderen met kanker vaker een toename 

dan een afname van hun reukvermogen ervaren, echter correspondeert dit maar 

beperkt met de uitkomsten van een objectieve test. 

Smaakfunctie veranderde niet tijdens de actieve behandeling, maar nam toe tijdens 

de onderhoudsfase of 3 maanden na de laatste chemokuur. Aangezien we geen 

uitgangsmeting konden uitvoeren voor de start van chemotherapie, suggereert dit 

een verminderde smaakfunctie tijdens de actieve behandeling met chemotherapie. 

Het aantal kinderen met kanker dat normaal scoort op de smaaktest was lager dan we 

zouden verwachten op basis van normaalwaarden bij gezonde kinderen. Bij ongeveer 

20% van de kinderen met kanker was er sprake van smaakverlies, in het bijzonder bij 

kinderen met lymfomen en solide tumoren. Dit duidt op een negatieve invloed van 

chemotherapie op het smaakvermogen, vooral gezien het feit dat drie maanden na 

de laatste chemokuur en tijdens de onderhoudsfase het aantal kinderen met kanker 

met een normale smaakfunctie niet langer afwijkt van wat we zouden verwachten 

op basis van normaalwaarden bij gezonde kinderen. Etoposide hangt samen met 

een verminderde smaakfunctie, terwijl mercaptopurine en corticosteroïden de 

smaakfunctie verbeteren. Zelf gerapporteerde smaakveranderingen kwamen veel 

ɥƇǯƲȯ٪ɥȉȉȯ٪خڤ־׆٪ػ٪־ׄح٪ƲǾ٪ɦƲȯƫƲǾ٪ǕȉȉǌƫɶƇǯƲǳǛǬǯ٪ƣƲȷƤǕȯƲɥƲǾ٪Ƈǳȷ٪نȷǼƇǯƲǾ٪ɶǛǬǾ٪ƇǾƫƲȯȷ٪

dan voorheen” in plaats van veranderingen in intensiteit of gevoeligheid.

Tenslotte beschrijft hoofdstuk 7 de resultaten van een kwalitatief onderzoek. Hoewel 

het objectief meten van reuk – en smaakveranderingen verhelderend is, wordt op 

deze manier niet duidelijk wat deze veranderingen zo hinderlijk maakt voor kinderen 

met kanker en welke impact het heeft op hun dagelijks leven. Daarom werden 

kinderen die al deelnamen aan de longitudinale studie, beschreven in hoofdstuk 

6, geïnterviewd over hun ervaringen met reuk – en smaakveranderingen tijdens 

de behandeling. Er werden semi-gestructureerde interviews afgenomen tot er 

ǛǾǌȉȯǼƇɅǛƲɥƲȯɶƇƫǛǍǛǾǍ٪ɦƲȯƫ٪ƣƲȯƲǛǯɅ٪ǛǾ٪ƲǳǯƲ٪ǳƲƲǌɅǛǬƫȷǍȯȉƲȬ٪׀ֿ٪ػ٪ׄح٪ǬƇƇȯؙ٪ֿׁ٪ػ٪ֿׅ٪ǬƇƇȯؙخ٪ɦƇɅ٪
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resulteerde in een totaal van 27 deelnemers. De interviews werden geanalyseerd 

door middel van thematische analyse.

Uit de interviews bleek dat veranderingen in reuk en smaak vaak voorkomen bij 

kinderen met kanker, maar sterk kunnen variëren. Deze veranderingen werden 

over het algemeen als hinderlijke symptomen beschouwd en beschreven als 

“teleurstellend” of frustrerend”. Kinderen rapporteerden verschillende strategieën 

om met reuk– en smaakveranderingen om te gaan, zoals regelmatig hun tanden 

poetsen en onaangename geuren vermijden of maskeren. Met betrekking tot het 

eten, gaven kinderen aan dat ze sterke smaken aan hun eten toevoegen of vaak 

ɥȉƲƫȷƲǳ٪ȬȯȉƣƲȯƲǾ٪ȉǼ٪ǍƲɦƲǾƫ٪ɅƲ٪ȯƇǯƲǾ٪ƇƇǾ٪ƫƲ٪ǾǛƲɍɦƲ٪ȷǼƇƇǯؘ٪خǾǛƲɍɦح

CONCLUSIE 

Dit proefschrift is een eerste aanzet om reuk– en smaakverandering bij kinderen 

met kanker beter te begrijpen. We vonden dat veranderingen in reuk en smaak 

heel vaak voorkomen bij kinderen met kanker, maar zeer heterogeen zijn. Dat wil 

zeggen dat geuren en smaken beter of slechter kunnen worden waargenomen, 

alsook compleet anders dan voorheen. Vooral de laatstgenoemde veranderingen 

zijn lastig te meten met objectieven testen, wat het belang van zelfrapportage 

benadrukt. Over het algemeen concluderen we dat de reukgevoeligheid hoger 

ǳǛǬǯɅ٪ɅǛǬƫƲǾȷ٪ƫƲ٪ƣƲǕƇǾƫƲǳǛǾǍ٪حɶȉɦƲǳ٪ȉƣǬƲƤɅǛƲǌ٪Ƈǳȷ٪ȷɍƣǬƲƤɅǛƲǌؙخ٪ɥȉȉȯƇǳ٪ƣǛǬ٪ǯǛǾƫƲȯƲǾ٪ǼƲɅ٪

ALL en ook ten opzichte van gezonde kinderen. Daarentegen lijkt smaakfunctie 

verminderd te zijn tijdens actieve behandeling met chemotherapie. Smaakverlies 

lijkt relatief vaker voor te komen bij kinderen met lymfomen en solide tumoren. 

Alhoewel de heterogeniteit in onze resultaten op dit moment evenveel vragen 

oproept als beantwoordt, concluderen we dat ongeacht de richting van de reuk– en 

smaakveranderingen, deze vaak voorkomen, hinderlijk zijn en van invloed zijn op de 

kwaliteit van leven bij kinderen met kanker die chemotherapie krijgen.

�Ȭ٪ƫǛɅ٪ǼȉǼƲǾɅ٪ Ǜȷ٪ ǛǾƫǛɥǛƫɍƲƲǳ٪ ٪ƇƫɥǛƲȷ٪ɦƇƇȯȷƤǕǛǬǾǳǛǬǯ٪ƫƲ٪ƣƲȷɅƲ٪ƇƇǾȬƇǯخɥȉƲƫǛǾǍȷح

om met reuk– en smaakveranderingen om te gaan. Om ervoor te zorgen dat 

kinderen met kanker voor dergelijke begeleiding naar een diëtist worden verwezen, 

zullen zorgverleners moeten worden voorgelicht over het optreden van reuk– en 

smaakveranderingen en over de gevolgen van deze veranderingen voor de eetlust 
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en de kwaliteit van leven van kinderen met kanker. Ook scholing aan diëtisten die 

werkzaam zijn in de kinderoncologie is belangrijk, voordat zij optimale begeleiding 

kunnen bieden op het gebied van reuk– en smaakveranderingen bij kinderen met 

kanker. Toekomstig onderzoek moet uitwijzen of dergelijk begeleiding effectief 

is en bijvoorbeeld de voedingsinname en kwaliteit van leven van kinderen met 

kanker verbetert. 
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PHD PORTFOLIO

Courses and workshops Year

�ƇȷǛȷƤɍȯȷɍȷ٪§ƲǍƲǳǍƲɥǛǾǍ٪ƲǾ٪�ȯǍƇǾǛȷƇɅǛƲ٪ɥȉȉȯ٪gǳǛǾǛȷƤǕ٪ȉǾƫƲȯɶȉƲǯƲȯ٪ح�§�gخ
Bijscholing ‘Professionals in de kinderoncologie’ 
¯ƤǛƲǾɅǛ˚Ƥ٪ɦȯǛɅǛǾǍ٪ǛǾ٪-ǾǍǳǛȷǕ
Introduction in principles of PBL
Mentoring skills
Examiner training
Workshop KNAW ‘Ga eens buiten je boekje’ 
Bijscholing ‘Voeding bij het zieke kind’ 
Using R for data analysis
Slimme Gasten 
Analysis for repeated measurements 
�ƇȷǛȷƤɍȯȷɍȷ٪§ƲǍƲǳǍƲɥǛǾǍ٪ƲǾ٪�ȯǍƇǾǛȷƇɅǛƲ٪ɥȉȉȯ٪gǳǛǾǛȷƤǕ٪ȉǾƫƲȯɶȉƲǯƲȯ٪ح�§�gخ
Energy Metabolism and Body Composition

2018
2018
2019
2020
2020
2020
2020
2020
2020
2021
2022
2022
2024

Presentations Year

�ȯƇǳؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
�ȯƇǳؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪-ɍȯȉȬƲƇǾ٪�ǕƲǼȉȯƲƤƲȬɅǛȉǾ٪§ƲȷƲƇȯƤǕ٪�ȯǍƇǾǛɶƇɅǛȉǾ٪ح-�خ�§
¤ȉȷɅƲȯؙ٪¦ɍƇǳǛɅɬ٪ȉǌ٪jǛǌƲ٪ȷɬǼȬȉȷǛɍǼ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪�ƲǾɅƲȯ٪
¤ȉȷɅƲȯؙ ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪tɍǳɅǛǾƇɅǛȉǾƇǳ٪�ȷȷȉƤǛƇɅǛȉǾ٪ȉǌ٪¯ɍȬȬȉȯɅǛɥƲ٪�ƇȯƲ٪ǛǾ٪�ƇǾƤƲȯ٪حt�¯��خ
¤ȉȷɅƲȯؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪�ȯǛɅǛȷǕ٪FƲƲƫǛǾǍ٪ƇǾƫ٪%ȯǛǾǯǛǾǍ٪GȯȉɍȬ٪ح�F%Gخ
Oral, research meeting Institute Paul Bocuse 
Oral, Altered Taste Symposium 
�ȯƇǳؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪�ȯǛɅǛȷǕ٪FƲƲƫǛǾǍ٪ƇǾƫ٪%ȯǛǾǯǛǾǍ٪GȯȉɍȬ٪ح�F%Gخ
¤ȉȷɅƲȯؙ ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪tɍǳɅǛǾƇɅǛȉǾƇǳ٪�ȷȷȉƤǛƇɅǛȉǾ٪ȉǌ٪¯ɍȬȬȉȯɅǛɥƲ٪�ƇȯƲ٪ǛǾ٪�ƇǾƤƲȯ٪حt�¯��خ
¤ȉȷɅƲȯؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
Poster, SKION day Princess Máxima Center
�ȯƇǳؙ٪�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
Oral, Princess Maxima Research Retreat

2020
2020
2020
2021
2021
2021
2022
2022
2022
2022
2022
2023
2023

(inter)national conferences and seminars Year

¯ƤǛƲǾɅǛ˚Ƥ٪ȷɬǼȬȉȷǛɍǼ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪�ƲǾɅƲȯ
Summerschool on Human Olfaction
ÝȉǼƲǾ٪ǛǾ٪�ǳǌƇƤɅȉȯɬ٪¯ƤǛƲǾƤƲ٪حÝU�¯خ
TULIPS jonge onderzoekerdag 
Research retreat Princess Máxima Center
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪-ɍȯȉȬƲƇǾ٪�ǕƲǼȉȯƲƤƲȬɅǛȉǾ٪§ƲȷƲƇȯƤǕ٪�ȯǍƇǾǛɶƇɅǛȉǾ٪ح-�خ�§
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪tɍǳɅǛǾƇɅǛȉǾƇǳ٪�ȷȷȉƤǛƇɅǛȉǾ٪ȉǌ٪¯ɍȬȬȉȯɅǛɥƲ٪�ƇȯƲ٪ǛǾ٪�ƇǾƤƲȯ٪حt�¯��خ
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪�ȯǛɅǛȷǕ٪FƲƲƫǛǾǍ٪ƇǾƫ٪%ȯǛǾǯǛǾǍ٪GȯȉɍȬ٪ح�F%Gخ
Amsterdam Kinder Symposium
Research retreat Princess Máxima Center
Altered Taste Symposium 
Research retreat Princess Máxima Center
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪�ȯǛɅǛȷǕ٪FƲƲƫǛǾǍ٪ƇǾƫ٪%ȯǛǾǯǛǾǍ٪GȯȉɍȬ٪ح�F%Gخ
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
¯ƤǛƲǾɅǛ˚Ƥ٪ȷɬǼȬȉȷǛɍǼ٪¤ȯǛǾƤƲȷȷ٪tƈɫǛǼƇ٪�ƲǾɅƲȯ
�ȉǾǍȯƲȷȷ٪ȉǌ٪ɅǕƲ٪UǾɅƲȯǾƇɅǛȉǾƇǳ٪¯ȉƤǛƲɅɬ٪ȉǌ٪¤ƇƲƫǛƇɅȯǛƤ٪�ǾƤȉǳȉǍɬ٪ح¯U�¤خ
Research retreat Princess Máxima Center

2018
2019
2019 
2019
2019
2020
2020
2021
2021
2021
2021
2022
2022
2022
2022
2023
2023
2023



209

PhD portfolio

Personal development and skills Year

خ¯¤ÄjU½ح٪ɬƲƇȯ٪¤Ǖ%٪ȬȯȉǍȯƇǼ٪½ȯƇǛǾǛǾǍ٪ÄȬȷɅƇǾƫǛǾǍ٪jƲƇƫƲȯȷ٪UǾ٪¤ƲƫǛƇɅȯǛƤ٪¯ƤǛƲǾƤƲع׀
خ¤vj-ح٪ƫƇɬ٪-ȷȷƲǾɅǛƇǳȷ٪¯ƲǼǛǾƇȯ٪-ɍȯȉȬƲƇǾ٪vɍɅȯǛɅǛȉǾ٪jƲƇƫƲȯȷǕǛȬ٪¤ǳƇɅǌȉȯǼعׇ

2020 - 2022
2022

Supervising Year

Britt van Belkom, Master student Health Food Innovation Management
Charlotte Beddows, Bachelor student Medicine
Minke ter Hedde, Master student Health Food Innovation Management
Valerie Bontan, Bachelor student Nutrition and Dietetics 
Jacqueline Heijnen, Bachelor student Nutrition and Dietetics
Nienke Hartman, Master student Health Food Innovation Management

2019
2020
2021
2021
2021
2022

Other activities Year

Website nutrition in pediatric oncology, Princess Máxima Center
SIOP HIC Nutrition working group
tƲǼƣƲȯ٪GǳȉƣƇǳ٪�ȉǾȷȉȯɅǛɍǼ٪ǌȉȯ٪�ǕƲǼȉȷƲǾȷȉȯɬ٪§ƲȷƲƇȯƤǕ٪حG��خ§
Journalclub with dietitians, Princess Máxima Center

2019 - 
2020 - 
2020 - 2022
2021 -

Media Year

Interview BNR ‘Waarom onderzoek naar verlies reuk- en smaakvermogen hard 
nodig is’ 
Interview de Limburger ‘Ruikt azijn anders? Mogelijk signaal voor coronabesmetting’

2020

2020
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DANKWOORD

Aangezien ikzelf het dankwoord van een proefschrift altijd als eerste lees, zullen 

jullie dat ook wel doen. Ik ben er dus even voor gaan zitten en besef me tijdens het 

schrijven dat ik dankbaar ben voor zoveel lieve mensen om me heen! In de afgelopen 

jaren zijn er veel verschillende mensen betrokken geweest bij mijn werkzaamheden 

en zij verdienen het allemaal om bedankt te worden. 

Allereerst, alle kinderen en ouders die mee hebben gewerkt aan de onderzoeken die 

in dit proefschrift zijn beschreven. Ik kan me niet voorstellen wat er allemaal op jullie 

afkomt zodra jullie het Prinses Máxima Centrum binnen lopen. Dank dat er dan nog 

ruimte was om voor de zoveelste keer – en met enthousiasme – mee te doen aan 

een reuk - of smaaktest. Daar heb ik veel bewondering voor. Zonder jullie dappere 

inzet had ik dit onderzoek niet kunnen doen.

Dank aan mijn promotoren op wie ik altijd kon rekenen in de afgelopen jaren.

Remco, ik had gewenst dat de aanleiding voor dit promotietraject niets met jouw 

persoonlijke leven te maken had. Helaas heeft jouw dochter Britt aan den lijve 

ondervonden hoe ‘vreselijk irritant’ – in jouw woorden – het is als je eten niet meer 

lekker proeft. Ik vind het ontzettend bijzonder dat je na haar overlijden de moed 

wist te vinden om zelf bij het Prinses Máxima Centrum aan te kloppen om dit te 

gaan onderzoeken. Dat heeft me zeker een beetje extra motivatie gegeven om dit 

project tot een mooi einde te brengen. Onderweg had ik me geen betere begeleider 

kunnen wensen. Je gaf me alle ruimte en vrijheid om mee te denken over hoe de 

onderzoeken opgezet en uitgevoerd moesten worden. Als ik weer eens boordevol 

ideeën zat, luisterde je er rustig naar en wist je het precies tot de kern te brengen. 

Daarnaast heeft jouw expertise en precieze feedback – zowel op inhoud als Engelse 

taal – al mijn stukken enorm verbeterd. Ik heb super veel van je geleerd en daarnaast 

zijn jouw humor en zelfspot zijn grandioos. Nogmaals dank voor het vertrouwen dat 

je me hebt gegeven om dit onderzoek uit te voeren. Dit proefschrift is voor Britt. 

Wim, jij bent geen typische professor en dat kan ik alleen maar in positieve 

zin toelichten. Jij bent wars van hiërarchie en ego’s, wat een verlichting in een 

academische/artsenwereld! Jouw deur staat altijd open voor werkoverleg of een 

gezellig praatje. Ik vind het heel knap hoe jij klinisch werk combineert met een 

eigen onderzoekslijn, tientallen promovendi begeleidt en ook nog vrolijk op en neer 
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tuft van Groningen naar Utrecht. Ik moet vaak glimlachen om jouw pragmatische 

aanpak, ongeduld en iet wat ongenuanceerde manier van spreken. Waarschijnlijk 

omdat ik mezelf hier zo in herken. Jij hebt ontzettend veel kennis, maar bent geen 

micro-manager en geeft duidelijke feedback op de hoofdlijnen. De precieze invulling 

liet je dan ook aan mij over. Je hebt me in de afgelopen jaren heel veel vrijheid 

gegeven om mezelf te ontwikkelen, zowel binnen het onderzoek als op persoonlijk 

vlak. Meermaals zei je: probeer het maar, ga maar kijken of het iets voor je is. Fijn dat 

je aanvoelde dat deze vrijheid belangrijk voor mij was, het heeft me veel gebracht. 

Marta, wat ben ik blij dat jij later nog bent toegevoegd aan het promotieteam. 

Wie kan bedenken dat een mathematicus ook vrouw, sociaal en prachtig gekleed 

kan zijn? Ik niet, maar met jouw Italiaanse inslag wordt zelfs statistiek een feestje. 

Gelukkig vond ik statistiek al leuk, maar de analyses die we in de loop van de tijd 

moesten doen, waren toch wel next level. Fijn dat ik mijn vragen altijd op ieder 

moment kon stellen en dat je hier altijd zo snel – meestal midden in de nacht – op 

reageerde. Je legde me altijd geduldig uit hoe ik secuur te werk moest gaan – en hoe 

andere onderzoekers belangrijke regels vaak aan hun laars lappen. Jouw kundigheid 

was van grote meerwaarde voor onze stukken. Dankjewel daarvoor! 

Dank aan de leden van mijn beoordelingscommissie, Dr. Sanne Boesveldt, Prof. Dr. 

Anita Jansen, Prof. Dr. Ellen Kampman, Dr. Wouter Kollen, Prof. Dr. Edgar van 

Mil en Prof. Dr. Sandra Mulkens, voor het beoordelen van mijn proefschrift en/of 

zitting nemen in de oppositie. Sanne, wat leuk dat ik na een leerzame periode van 

het schrijven van mijn masterthesis in Wageningen ook ben blijven hangen in de 

‘Sensory Science’ hoek. 

De onderzoeken die beschreven zijn in dit proefschrift, waren niet tot stand gekomen 

als ik daarbij geen hulp had gehad van studenten. Dankjewel Britt, Charlotte, 

Jacqueline, Nienke, Minke en Valerie. Minke, jou wil ik in het bijzonder noemen. 

Jouw enthousiasme werkt aanstekelijk – ook bij patiënten. Dank dat je ook na jouw 

stage bleef ondersteunen en mee wilde schrijven aan het artikel over de kwalitatieve 

studie. En daarnaast Valerie, in jou zie ik de tien jaar jongere versie van mezelf. Jij 

komt er wel, houd je empathische en ontwapenende blik vast! 

Lieve Tissing Thunders: Aeltsje, Chantal, Coco, Debbie, Denise, Didi, Doga, 

Els, Emma, Erik, Ichelle, Janine, Jiska, Julia, Juliette, Katja, Laura, Lineke, 
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Lisanne, Marijn, Rosanne, Sanne en Sarah. Wat zijn we een leuke en diverse 

onderzoeksgroep. Wat in 2018 begon met Julia, Didi en mijzelf, is nu uitgegroeid 

tot een groep met onderzoekers vanuit allerlei disciplines. Jullie input voor nieuwe 

onderzoeksvoorstellen – en samenwerking bij de uitvoer ervan heb ik zeer 

ǍƲɦƇƇȯƫƲƲȯƫؘ٪�ȉǯ٪˚ǬǾ٪ƫƇɅ٪ɦƲ٪حǛǯخ٪ƣǛǾǾƲǾ٪ƫƲ٪ǼɍȯƲǾ٪ɥƇǾ٪ȉǾɶƲ٪ǯƇǼƲȯ٪ǯȉǾƫƲǾ٪ǯǳƇǍƲǾ٪

over de traagheid van besluitvorming over onze studies, maar ook het delen van lief 

en leed op persoonlijk vlak. Jullie zijn stuk voor stuk toppers! Kristel, dank voor alles 

wat jij voor onze groep regelt met zoveel enthousiasme. 

Lieve collega’s die op enig moment verbonden waren aan LABGEAS: Anouk, Britt, 

Emmy, Ilse, Linsay, Sophie en Stas. De vrijdagochtend meetings waren altijd 

gezellig met de zelfgemaakte ‘hoe voel je je schaal’. Dank voor jullie interesse en 

betrokkenheid bij mijn onderzoeken, ook al was ik praktisch nooit in Venlo. 

Diëtisten uit het Prinses Maxima Centrum: Jannet, José, Margit, Nina en Rianne. 

eɍǳǳǛƲ٪ ƫȉƲǾ٪ ȷɍȬƲȯ٪ ƣƲǳƇǾǍȯǛǬǯ٪ɦƲȯǯؘ٪ÝƇɅ٪ ˚ǬǾ٪ ƫƇɅ٪ɦƲ٪ ɥǛƇ٪ ǬȉɍȯǾƇǳ٪ Ƥǳɍƣȷ٪ ƲǾ٪ ƇǾƫƲȯƲ٪

overleggen de brug kunnen slaan tussen zorg en research. Jullie zijn nooit te beroerd 

om mee te denken. Ik hoop dat we deze samenwerking in de komende jaren kunnen 

voortzetten! En Nina, met jou wil ik nog wel vaker op congres. Ik kijk met veel plezier 

ɅƲȯɍǍ٪ȉȬ٪ȉǾɶƲ٪ɅǛǬƫ٪ǛǾ٪�ɅɅƇɦƇؘ٪�ǳǛǬǯƣƇƇȯ٪ƫƲǳƲǾ٪ɦƲ٪ƫƲɶƲǳǌƫƲ٪ǛǾɅƲȯƲȷȷƲȷ٪ɥȉȉȯ٪ɍǛɅǬƲȷ٪حǳƲƲȷؚ٪

ǕǛǯƲǾ٪ǛǾ٪ƫƲ٪ȷɅȯȉǼƲǾƫƲ٪ȯƲǍƲǾؙخ٪ǳƲǯǯƲȯ٪ƲɅƲǾ٪حƲǾ٪ƫƇǾ٪ƇǳǳƲƲǾ٪ǕƲƲǳ٪ǳƲǯǯƲȯ٪ƲɅƲǾخ؝٪ƲǾ٪ǯǳƲƫǛǾǍ٪

ȷǕȉȬȬƲǾ٪حǕƲƲǳ٪ǕƇǾƫǛǍ٪Ƈǳȷ٪ǬƲ٪ƫƲɶƲǳǌƫƲ٪ǼƇƇɅ٪ǕƲƣɅؘخ٪

Dank ook aan alle andere collega’s uit het Prinses Máxima Centrum, zoals 

verpleegkundigen, artsen, doktersassistenten, trialmanagers van het TDC en 

medewerkers van Hutten op wie ik altijd kon rekenen als we een nieuwe studie 

gingen opzetten of uitvoeren in de kliniek. 

Lieve ˚ƲɅȷƲȯȷ٪ɥƇǾ٪ǕƲɅ٪GǛȯȉ٪ƫǛ٪gǛǯƇ٪ׇֿ־׀٪ɅƲƇǼ, wat was dit een bijzonder evenement 

ƲǾ٪ɶƲǯƲȯ٪ƲƲǾ٪ɥƇǾ٪ƫƲ٪ǕȉȉǍɅƲȬɍǾɅƲǾ٪ǼƇƇȯ٪ȉȉǯ٪ǍȯȉȉɅȷɅƲ٪ɍǛɅƫƇǍǛǾǍ٪حɶȉɦƲǳ٪ǌɬȷǛƲǯ٪Ƈǳȷ٪

ǼƲǾɅƇƇǳخ٪ǛǾ٪ǼǛǬǾ٪¤Ǖ%عȬƲȯǛȉƫƲؘ٪ÝƇɅ٪ƣƲǍȉǾ٪ǼƲɅ٪ǛǾɅƲȯƲȷȷƲ٪ǛǾ٪ƲƲǾ٪˚ƲɅȷȬƇǯǬƲ٪ɥƇǾ٪ǕƲɅ٪

tƇɫǛǼƇؙ٪ƲǛǾƫǛǍƫƲ٪Ƈǳȷ٪ǾǛƲɍɦ٪ǳǛƫ٪ɥƇǾ٪ǬɍǳǳǛƲ٪˚ƲɅȷɅƲƇǼؘ٪FǛǬǾ٪ƫƇɅ٪ǬɍǳǳǛƲ٪ǼƲ٪ȉȬǾƇǼƲǾ٪ǛǾ٪ǬɍǳǳǛƲ٪

midden, ik was tenslotte nog nooit een berg op en af geweest. Ik kijk terug op een 

ǍƲɦƲǳƫǛǍ٪ɅȯƇǛǾǛǾǍȷɦƲƲǯƲǾƫ٪ǛǾ٪ƫƲ٪-ǳɶƇȷ٪ƲǾ٪ƲƲǾ٪ȷɍȬƲȯɅȉǌǌƲ٪حƲǾ٪ǕƲɅƲخ٪Ʌȉɍȯ٪ǛǾ٪½ȉȷƤƇǾƲؘ٪

%ƇǾǯ٪ȉȉǯ٪ɥȉȉȯ٪ ǬɍǳǳǛƲ٪ ǛǾɅƲȯƲȷȷƲ٪ ǛǾ٪ǼǛǬǾ٪ ٪ƲǾ٪ƫƲ٪ǍƲɶƲǳǳǛǍƲ٪ǯȉǌ˚ƲǼȉǼƲǾɅǬƲȷ٪ىƣȉƲǯǬƲو

beneden. 
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Lieve jaargenoten van TULIPS 2020 – 2022, wat hebben we mooie bijeenkomsten 

en weekenden met elkaar gehad. Dank voor jullie openheid en momenten van 

ȯƲ˛ƲƤɅǛƲؘ٪FǛǬǾ٪ƫƇɅ٪ɦƲ٪ɥƇǾɍǛɅ٪ƇǳǳƲ٪ƫǛȷƤǛȬǳǛǾƲȷ٪ƣǛǾǾƲǾ٪ƫƲ٪ǯǛǾƫƲȯǍƲǾƲƲȷǯɍǾƫƲ٪ȉǾɶƲ٪

onderzoeken en toekomstige carrières konden bespreken. Houd dit vast! 

Ik wil ook alle medeauteurs bedanken voor hun nuttige feedback en samenwerking 

bij het schrijven van artikelen in de afgelopen jaren, zowel voor mijn boekje als voor 

andere projecten. 

Dear members of the SIOP HIC Nutrition Group, especially Alexia, Breeana, Erin, 

Karen, and Nina. I really like our collaboration and work on the nutrition survey. 

Thank you for sharing your knowledge and time during our virtual meetings. 

Dear collaborators of Institute Lyfe in Lyon, especially Anestis and Reisya. Anestis, 

what started with a nice conversation during a virtual poster viewing at the BFDG 

has now grown into a fruitful collaboration. I really enjoy our regular meetings and 

brainstorm sessions to work on new projects. The knowledge and expertise at your 

institute is impressive. Thanks for hosting me when I visited Lyon and participated 

in the Altered Taste Symposium. I hope we can continue working on improving food 

intake in children with cancer in the future. 

Lieve Troela’s: Annemiek en Marieke. Al vanaf VWO 4 zijn wij ‘de onafscheidbare nerds’. 

ÝƇɅ٪ǕƲƣƣƲǾ٪ɦƲ٪Ƈǳ٪ɥƲƲǳ٪ǼƲɅ٪ƲǳǯƇƇȯ٪ǼƲƲǍƲǼƇƇǯɅ؛٪ɥƇǾ٪ƲƲǾ٪ȷɅƲƫƲǾɅȯǛȬ٪ǾƇƇȯ٪�ƇȯƤƲǳȉǾƇ٪ɅȉɅ٪

een hooikoorts weekend in Limburg. Miek, met jou heb ik een geweldige tijd beleefd 

op de Rozengracht. Ons muizenhuis, maar ook tot diep in de nacht ‘Flikken’ kijken of 

pannenkoeken bakken. Bij jou voelde ik me zo vrij – misschien soms iets te – om je 

kledingkast te plunderen als ik zelf even niet wist wat ik aan moest doen. Mariek, wij 

delen een passie voor onderzoek en ik vind het altijd leuk om over jouw projecten 

ɅƲ٪ǕȉȯƲǾ٪ƲǾ٪ǾƇɅɍɍȯǳǛǬǯ٪ȉȉǯ٪ƫƲ٪حƇǌɅƲȯخ¤Ǖ%٪ȷɅȯɍǍǍǳƲȷ٪ɅƲ٪ƣƲȷȬȯƲǯƲǾؘ٪eǛǬ٪ǯɍǾɅ٪ȉǾɅɶƲɅɅƲǾƫ٪

ɥƲƲǳ٪ػ٪ƲǾ٪ǾƇɍɦǯƲɍȯǛǍ٪ػ٪ɦƲȯǯ٪ɥƲȯɶƲɅɅƲǾؙ٪ƫƇɅ٪Ǜȷ٪ƲƤǕɅ٪ƲƲǾ٪ǍȯȉȉɅ٪ɅƇǳƲǾɅ؝٪tƇƇȯ٪ȉȉǯ٪˚ǬǾ٪ƫƇɅ٪

de druk er nu vanaf is en je kunt genieten van zoveel andere dingen. Troela’s, ik ben 

ontzettend dankbaar voor onze vriendschap en bewonder hoe jullie beiden je eigen 

pad bewandelen. Op nog meer jaren van diepe vriendschap! 

Lieve Ilonka, onze vriendschap gaat het verste terug. Vakantiebaantjes, wekelijkse 

ǳȉǍƲƲȯȬƇȯɅǛǬƲǾؙ٪ȉɍƫƲȯƲǾƣƲɶȉƲǯǬƲȷؙ٪˚ƲɅȷɥƇǯƇǾɅǛƲȷؙ٪ɦǛǾɅƲȯȷȬȉȯɅؙ٪ȉǌ٪ƇǾƫƲȯƲ٪ɥƇǯƇǾɅǛƲȷؘ٪
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We deden het allemaal samen – en daar heb ik ontzettend mooie herinneringen aan. 

Jij bent oprecht betrokken bij iedereen om je heen en bent ontzettend loyaal, dat 

bewonder ik – en dank ook voor jouw interesse in mijn onderzoek.  

Lieve Dudes: �ȯǬƲǾ٪ۂ٪¯ȉ˚ƲǯƲ, Maarten & Bettina en Stephan & Marloes. Wat 

zijn we een heerlijke vriendengroep met elkaar en intussen al veel gezamenlijke 

vakanties verder. Tegenwoordig is het bijpraten in het pannenkoekenhuis, maar 

goede gesprekken kunnen overal gevoerd worden! Ook al zijn we heel verschillend, 

de onderlinge waardering en betrokkenheid waardeer ik zeer! 

Senatus Struik: lieve Gerdine, Mariëlle en Rebekka. Onze vriendschap ontstond 

tijdens ons bestuursjaar in 2012-2013. Sinds lange tijd kreeg Am.St.E.Lo.D.A.M.E.N.S.E 

weer een vrouwenbestuur – en dat hebben ze geweten. Ruim anderhalf jaar lang 

hebben we de meest leuke dingen met elkaar meegemaakt en centraal stond wel: 

TAART! Wat een geweldige herinneringen heb ik aan deze tijd en nog meer toffe 

vakanties volgden. Wat leuk dat we elkaar nog steeds spreken, uiteraard in de wat 

betere restaurants nu we dat eindelijk wel kunnen betalen -. 

Lieve John en Peet, wat leuk dat een studievriendschap tussen ‘de mannen’ zo 

geslaagd is en uitmondde in een gezamenlijke vriendschap. Met jullie is het nooit 

saai – inmiddels hebben we al diverse Waddeneilanden, restaurants of art galeries 

onveilig gemaakt! We delen een passie voor actief bezig zijn, gezond maar vooral 

ǳƲǯǯƲȯ٪ƲɅƲǾؙ٪ƲǾ٪ȬȯƇɅƲǾ٪ȉɥƲȯ٪ƫƲ٪ǼƲƲȷɅ٪ɍǛɅƲƲǾǳȉȬƲǾƫƲ٪ɅǕƲǼƇىȷ٪حǳƲƲȷؚ٪ƫƲ٪ƣƲȷɅƲ٪ȬȉƫƤƇȷɅؙ٪

ȯƲǛȷƣƲȷɅƲǼǼǛǾǍƲǾؙ٪ƣƲǳƲǍǍǛǾǍƲǾؙ٪ǕɍǛɶƲǾǬƇƤǕɅ٪ȉǌ٪ƫƲ٪ȬȉǳǛɅǛƲǯؘخ٪OƲɅ٪ǼƲƫƲ٪ȉȯǍƇǾǛȷƲȯƲǾ٪

van jullie bruiloft was ook zeker een hoogtepunt! 

Lieve paranimfen, Didi en Debbie, ɦƇɅ٪˚ǬǾ٪ƫƇɅ٪ǬɍǳǳǛƲ٪ǳƲɅɅƲȯǳǛǬǯ٪ƲǾ٪˚ǍɍɍȯǳǛǬǯ٪ǾƇƇȷɅ٪ǼǛǬ٪

staan. 

Didi, wij waren vanaf dag 1 in het Maxima op elkaar aangewezen en dat bleek aan 

het einde van die werkweek al een succes. We waren goed op weg om elke werkdag 

ɅƲ٪ƣƲǍǛǾǾƲǾ٪ǼƲɅ٪ǳƲǯǯƲȯƲ٪ǯȉǌ˚Ʋ٪ƲǾ٪ƫƲ٪ɦƲȯǯɦƲƲǯ٪Ƈǌ٪ɅƲ٪ȷǳɍǛɅƲǾ٪ǼƲɅ٪ƫȯƇǾǯǬƲȷ٪ƣǛǬ٪tƲɅȯȉ٪

of een pasta bij Spagga, maar toen kwam Corona. Een nachtmerrie voor de wereld, 

maar ook zeker voor onze gezamenlijke plannen en congrestripjes. Het heeft ons 

niet weerhouden om een diepe vriendschap op te bouwen. Ik ken weinig mensen 

met zo’n groot, oprecht en attent hart. Wij verbazen ons altijd over dezelfde dingen 
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– of vooral mensen – en zitten op dezelfde denklijn. Heerlijk vind ik dat! Dank voor 

jouw onvoorwaardelijke steun en luisterend oor. Dat er nog maar heel veel goede 

etentjes mogen volgen om alle wereldproblemen te bespreken en op te lossen, om 

vervolgens weer in de werkelijkheid te belanden. 

Debbie, jij kwam een jaar later ons team binnen en natuurlijk ging dat niet 

onopgemerkt voorbij. Jij hebt het talent om dingen te organiseren, sfeer te brengen, 

mensen te verbinden en met ontzettend veel energie jouw schouders ergens onder te 

zetten. Jij bent echt jezelf, anders dan de rest en ik vind dat heel verfrissend. Stiekem 

denk ik dat veel mensen daar best jaloers op zijn, maar dat geven ze vast niet toe. Ik 

ben er dan ook volledig van overtuigd dat jij een goede kinderarts gaat worden en 

dat lekker op je eigen manier gaat doen. Dankjewel dat je mij toeliet in ‘team Debbie’, 

want ik weet dat die plekjes best schaars zijn. Ook namens Boaz een ‘dankjewel’ voor 

alle cadeaus, kleertjes en knuffels die hij al van jou en Kai gekregen heeft. 

Lieve Van Marles, allereerst pa & ma. Als eerste – en enige – schoondochter werd ik 

toegevoegd aan jullie gezin. Vanaf het begin heb ik me bijzonder welkom gevoeld, 

allereerst door de interesse in mij als persoon maar ook zeker in mijn vakgebied. 

Jullie weten als geen ander dat gastvrijheid gevierd mag worden met lekker – 

en vooral veel – eten! Op mijn beurt bemoei ik me af en toe een beetje met jullie 

voedingspatroon, maar anderzijds geniet ik enorm van alles wat me voorgeschoteld 

ɦȉȯƫɅؘ٪vƲɅ٪ɶȉƇǳȷ٪§ȉƲǳ٪ƲǾ٪�ȉƇɶ٪ɅȯȉɍɦƲǾȷؘ٪jǛƲɥƲ٪ȷƤǕȉȉǾɶɍȷȷƲǾ٪حMarian, Femmieke 

& Pietaؙخ٪ɶɦƇǍƲȯȷ٪حAleid, Henrik & Pieterؙخ٪ǾƲƲǌǬƲȷ٪حJuda, Abel & Julianخ٪ƲǾ٪tante 

Corry: langzaam wordt de familie steeds groter en wat geeft dat veel gezelligheid 

– natuurlijk met als jaarlijkse hoogtepunt: Sinterklaas. Maar ook de gezamenlijke 

wielrentochten en wintersportvakanties vind ik ontzettend leuk. Dat er nog maar 

veel mogen volgen, ik geniet ervan! 

Lieve pap & mam, dank voor jullie onvoorwaardelijke liefde en steun. Nu ik zelf 

moeder ben, snap ik nog iets beter hoe diep dat kan gaan. Jullie zijn er altijd voor 

mij geweest – en nog steeds – maar hebben me ook ontzettend vrij gelaten in de 

keuzes die ik maakte. Jullie hadden het vertrouwen dat ik niet in zeven sloten tegelijk 

ɶȉɍ٪ǳȉȬƲǾ٪ƲǾ٪ɥȉǾƫƲǾ٪ǕƲɅ٪ƣǛǬɥȉȉȯƣƲƲǳƫ٪ȬȯǛǼƇ٪ƫƇɅ٪Ǜǯ٪Ƈǳȷ٪ɥƲƲȯɅǛƲǾǬƇȯǛǍƲ٪ȉȬ٪˚ƲɅȷɥƇǯƇǾɅǛƲ٪

ging met Ilonka. Het kwam ook altijd goed en ik ben ervan overtuigd dat deze 

ƣƇȷǛȷǕȉɍƫǛǾǍ٪ɥƇǾ٪ɥƲȯɅȯȉɍɦƲǾ٪حƲǾ٪ǍƲƲǾ٪ɦƇǾɅȯȉɍɦƲǾ٪ȉǌ٪ƇǾǍȷɅخ٪ǼǛǬǾ٪ɦƲȯƲǳƫƣƲƲǳƫ٪

en zelfbeeld positief hebben gevormd tot op de dag van vandaag. Daar ik ben ik 
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ontzettend dankbaar voor! Ik geniet er ook van om jullie nu te zien in een nieuwe rol 

van opa en oma, Boaz boft maar met zulke grootouders. 

Mijn zusje Lydia en broertjes Lukas & Nathan, ik ben trots op jullie! Ik vind het 

ontzettend leuk om te zien hoe jullie allemaal je eigen kwaliteiten hebben, op je eigen 

plek terecht zijn gekomen en ook nog de liefde hebben gevonden. Want natuurlijk 

mogen mijn schoonzussen Marella & Myrthe, zwager Gerben en allerliefste nichtje 

Filippa ook niet ontbreken in dit dankwoord. Jullie zijn allemaal ontzettende lieverds 

en vanaf het begin af aan een aanvulling op ons gezin! Dankbaar ben ik ook voor 

mijn opa, oma en tante Klara.   

Save the best for last: de twee belangrijkste mannen uit mijn leven. 

Lieve Boaz, mama worden van jou was het absolute hoogtepunt van de afgelopen 

5 jaar! Ik geniet er elke dag van om te zien hoe je de wereld ontdekt – en hoe deze 

steeds een beetje groter wordt voor jou. Je bent een heerlijk lief, open en energiek 

ventje. Ik hoop dat je je bij ons veilig zult voelen en dat je weet dat je echt altijd bij 

ons terecht kunt. Ik kijk uit naar alles wat we samen met elkaar mee gaan maken. 

Je bent ontzettend geliefd 

Liefste Roel, jij bent mijn allergrootste maatje en liefde. Bij jou voel ik me helemaal 

op m’n gemak en kom ik echt thuis. Jij gelooft altijd meer in mij dan ikzelf en je 

hebt me altijd gestimuleerd om kansen met beide handen aan te pakken. Ook als 

ik iets spannend vind, help je me altijd om toch door te zetten. Wat is het daarnaast 

ontzettend verfrissend om een partner te hebben die niet in de wetenschap werkt 

en wat hebben we ook veel gelachen om de rood-gemarkeerde manuscripten die ik 

terug kreeg. ‘Could be’ or ‘should be’ was volgens jou meestal de strekking van het 

commentaar en inmiddels is dit een veelgebruikte term thuis. Ik ben ontzettend trots 

op wat jij allemaal in je mars hebt en hoe jij je inzet op je werk, in de kerk, in de buurt 

en ook altijd de aanjager bent van gezellige activiteiten met vrienden. We houden 

beiden van mensen om ons heen, avontuur en vooral niet teveel rompslomp. Ik ben 

ontzettend gek op je en zie uit naar wat het leven ons verder brengen gaat. Je bent 

de allerliefste papa voor Boaz en echtgenoot voor mij. Dankjewel 
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