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A B S T R A C T 

Introduction: Taste and olfactory changes begin within days of initiating chemotherapy and radiation 

therapy for head and neck cancers (HNC) and may persist 12 months or longer post-treatment, affecting 50 

to 75% of adults with HNC. In this study, we assess taste function and diet in addition to food product 

evaluation among patients with HNC.  

Methods: Ten patients with HNC were evaluated during (n=6) and following radiation therapy with/without 

chemotherapy (n=8). Oral examination measures included oral hygiene and whole saliva. Patients also 

completed the Scale of Subjective Total Taste Acuity (STTA), National Cancer Institute Diet History 

Questionnaire II (DHQII) and Vanderbilt Head and Neck Symptom survey (VHNSS) and evaluated Hormel 

Vital CuisineTM Products.  

Results: Taste changes were more pronounced in the acute treatment phase (60% moderate to severe loss) 

than in the post-treatment phase (50% no taste change and no severe taste loss). Half of the patients reported 

poor appetite during the study, although patients reported they were able to complete 75% of the Hormel 

Vital Cuisine meal during one sitting. More than 70% of these meals were rated favourably with no after-

taste or burning sensation. 

Conclusion: Considerations in meal preparation and food products during and following HNC therapy 

should recognize oral and taste changes from the acute treatment phase to survivorship. Differences are seen 

in oropharyngeal function and pain, saliva function and taste/flavor recognition. 

Implications: This exploratory study provides insight for diet and food product development for patients 

with HNC during and following treatment. Further research with a larger sample is needed to develop 

guidelines for product development. 

 

                                                  © 2020 Joel B. Epstein. Hosting by Science Repository. All rights reserved  

Introduction 

 

Oral and oropharyngeal toxicity of radiation and/or chemotherapy in 

adults with head and neck cancer (HNC) include mucositis, sensory 

changes (pain, taste, smell), and changes in saliva quantity and quality 

[1]. In patients with HNC, treatment-related effects including oral pain, 

taste and texture perception of foods and beverages may impact appetite 

and ability to eat and drink, which may, in turn, contribute to changes in 

diet [2-6]. Taste and olfactory changes begin within days of initiating 
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cancer treatments and may persist 12 months or longer post-treatment, 

affecting 50 to 75% of adults receiving chemotherapy (CT) and radiation 

therapy (RT) for HNC [2-4]. Diet and nutrition are critical for recovery, 

health maintenance and tissue repair, and quality of life which support 

the need to study oral function and food preferences in oncology care in 

patients with HNC a continuing priority. Flavor, which is a combination 

of smell, taste, temperature, texture and food hedonics, is an important 

determinant of food acceptance and diet [7]. The eating experience is an 

interconnected and multidimensional activity that influences nutrition, 

identity, social interaction and quality of life [8-15]. Research exploring 

taste alterations and eating in patients with HNC has primarily been 

limited to patient report with limited attention to the oral condition and 

function and dietary adaptations in food and fluid consumption [2, 5, 12, 

16-18]. Additionally, the impact of oral conditions on dietary product 

development for patients with HNC has not been evaluated. The aim of 

this study was to assess the acceptance of food products developed for 

patients and survivors of HNC in an effort to explore the relation of oral 

condition, taste and smell function, diet and product development for 

patients during and following HNC treatment. 

 

Methods 

 

Patients were enrolled during treatment (4-6 weeks after starting 

treatment) and after completing cancer treatment as previously described 

[19]. Adults with HNC, scheduled to receive or who had been treated 

with radiation therapy with/without platinum-based CT chemotherapy 

up to 24 months post treatment were eligible. Western Institutional 

Review Board (WIRB, Puyallup, WA; IRB # 20172768) approved 

consents were completed by all patients. As part of a broader study, all 

enrolled patients (n =10) received a standard oral examination at each 

visit that included mucositis score, plaque and gingivitis index, saliva 

(whole resting saliva [WRS] and whole stimulated saliva [WSS] 

collections), and taste and smell testing [19]. Patients self-completed the 

Scale of Subjective Total Taste Acuity (STTA), National Cancer 

Institute Diet History Questionnaire II (DHQII), which evaluates food 

consumption [1, 20]. The Vanderbilt Head and Neck Symptom survey 

(VHNSS) to assess taste changes during and after treatment [21]. 

 

Product Evaluation 

 

Patients were provided Hormel Vital CuisineTM Meal and shake products 

for evaluation after each visit. These products are currently available in 

the marketplace and were developed to be convenient and provide 

nutritional support. The nutrient compositions of products are shown in 

(Table 1).  

 

 

Table 1: Test product food nutrition facts: meals and shake product (Hormel Foods, Inc). 

 NUTRITION FACTS (% DAILY VALUE) BY PRODUCT 

Beef & Mushroom* Chicken & Dumplings* Vegetarian  Stew* Shake** 

Calories 350 (18) 300 (15) 330 (17) 520 (26) 

Total Fat, gm 22 (34) 16 (25) 17 (22) 21 (27) 

Saturated Fat, gm  6 (30) 2 (10) 2 (10) (--) 

Trans fat, gm 0 (0) 0 (0) 0 (0) 0 (0) 

Polyunsaturated Fat, gm 2 (--) 2 (--) 2 (--) 0 (0) 

Monounsaturated Fat, gm 14 (--) 10 (--) 11 (--) 0 (0) 

Cholesterol, mg 40 (13) 75 (25) 0 (0) 30 (10) 

Sodium, mg 500 (21) 590 (25) 670 (29) 380 (17) 

Total Carbohydrate, gm 21 (7) 17 (6) 32 (12) 60 (2) 

Dietary Fiber, gm 4 (16) 2 (8) 5 (18) 0 (0) 

Protein, gm 16 (30) 23 (42) 11 (20) 22 (44) 

Total Sugars, gm 2 (--) 2 (--) 3 (--) 27 (--) 

Calcium, mg 26 (2) 26 (2) 26 (2) 650 (50) 

Potassium, mg 440 (9) 230 (5) 470 (10) 380 (8) 

Iron, mg 1 (1) 0.5 (4) 1 (8) 1 (4) 

Magnesium, mg  42 (10) 25 (6)  63 (15) 0 (0) 

Zinc, mg  1.9 (19) 0.5 (5) 1.1 (10) 0 (0) 

Copper, mg  0.09 (10) 0.04 (4) 0.01 (1) 0 (0) 

Phosphorus, mg  263 (21) 175 (14) 188 (15) 0 (0) 

Vitamin D, mcg  0 (0) 0 (0) 0 (0) 0 (0) 

Vitamin A, mcg 0 (0) 130 (15) 270 (30) 20 (2) 

Vitamin C, mg 0 (0) 0 (0) 0 (0) 0 (0) 

Vitamin K, mcg 0 (0) 0 (0) 17 (14) 0 (0) 

Vitamin B6, mg  0.1 (7)  0.09 (5) 0.2 (11) (--) 

Vitamin B12, mcg  0.5 (22) 0.1 (4) 1.0 (43) (--) 

% Daily Value based on FDA recommendations for a 2000 calorie per day, adult diet. Blank cells (--) represent data not available. 

*Meal Package size: *213 gm; ** Shake size: 250 ml 
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Patients were provided a package of 4 meals (vegetarian, beef and/or 

chicken) eaten for one meal and 2 shake flavors (chocolate and vanilla) 

after each study visit for trial at home. After the use of each product, 

patients were asked to complete a paper product evaluation form 

assessing their experience and preference. Four patients participated in 

the product evaluation (three during post-treatment) and returned the 

reports of their experience. 

 

Statistics 

 

Descriptive statistics are presented as counts and percentages for 

dichotomous and categorical variables and as percentages of change for 

continuous variables (change from prior to the visit and at the visit). 

 

 

Results 

 

Ten patients completed the study and provided data in either the 

treatment phase, the post-treatment phase or during both phases. The 

data collected during treatment were defined as the acute treatment group 

(n = 6), and the data collected after treatment were defined as the post-

treatment group (n = 8; four patients were evaluated during and after 

treatment, four patients were evaluated after treatment only and two 

patients were included during treatment). All patients received IMRT 

and 9 combined RT and platinum-based CT. All patients were dentate, 

and none had removable dental prostheses. Tobacco and supplement use 

are presented in (Table 2). Patient characteristics are shown in (Table 2) 

(n=10) and the subset of the patients in the study who completed the 

product evaluation (n=4; one during and three after treatment). 

 

Table 2: Study patients characteristics. 

 All subjects  

(n = 10) 

All subjects  

Percentage 

Product Evaluation 

Subjects* (n= 4) 

Product Evaluation 

Percentage 

Gender Male 7 70 3 75 

 Female 3 30 1 25 

Age (years)  59.9 (mean) 6.97 (SD) 60 (mean) 4.18 (SD) 

Ethnicity Caucasian 8 80 3 75 

 Hispanic 1 10 0 0 

 Asian 1 10 1 25 

Smoker Current or former 3 30 1 25 

Vitamin/ Mineral Use (yes) 4 40 1 25 

Cancer Location SCC Tonsil p16 positive 6 60 3 75 

 Base of Tongue p16 positive 3 30 1 25 

 Oral Tongue p16 positive 1 10 0 0 

Product Evaluation subjects are a subset of “all” subjects. Ten subjects completed the study (6 during treatment and 8 after treatment with four of these 

during and after treatment); 4 of these patients completed the product evaluation (one during and three after treatment). 

 

All patients maintained good plaque control and presented low gingival 

inflammation during and after treatment (Table 3). In the acute group, 

the mucositis ulcer score and total mucositis score increased during 

treatment (x = 0.86±0.37 and 2.1±0.45, respectively); ulcerations were 

fully resolved in all patients by the post-treatment visits (x = 0.0±0.0). 

WRS increased after treatment (acute x = 1.54±1.76, post-treatment x = 

5.27±11.32) while WSS decreased slightly (acute x = 3.19±3.56, post-

treatment x = 2.64±2.13) (Table 3). Patients taking pain medications at 

the initial visit (n= 4) had higher mucositis ulcer scores than those who 

were not taking pain medications (x=0.84+0.19 and 0.31±0.60, 

respectively) as well as total mucositis scores (x = 2.07±0.60 and 

0.94+1.07, respectively). WRS and WSS were higher for patients taking 

pain medication (x=1.80±2.40 and 4.48±4.30) than those who were not 

(x=0.76±0.73 and 1.26±1.13). 

 

Table 3: Patients’ clinical oral condition and saliva production by treatment group and by those taking and not taking pain medication. 

 Acute Group (n = 6) Post-Treatment Group (n = 8)  Taking Pain Medication  

(n =4) 

Not Taking Pain Medication  

(n =6) 

Plaque Index 0.37±0.54 0.41±0.45 0.43±0.72 0.31±0.37 

Gingival Index 0.34±0.43 0.45±0.38 0.34±0.53 0.52±0.49 

Mucositis Ulcer Score 0.86±0.37 0.0±0.0  0.84+0.19 0.31±0.60 

Total Mucositis score 2.1±0.45 0.31±0.43 2.07±0.60 0.94+1.07 

Saliva WRS 1.54±1.76 5.27±11.32 1.80±2.40 0.76±0.73 

Saliva WSS 3.19±3.56 2.64±2.13 4.48±4.30 1.26±1.13 

Ten subjects completed the study (six during treatment and eight after treatment with four of these during and after treatment). 

 

Taste changes were more pronounced in the acute group than in the post-

treatment group (Figure 1). All patients in the acute group experienced 

taste change: 50% reported altered taste, 20% moderate loss of taste, and 

40% graded taste loss as severe. In contrast, 50% of the post treatment 

group reported no change, and there were no reports of severe taste loss 

in this group. Six of the patients also completed the DHQII about specific 

foods they had eaten, with one completed during and five completed 

after treatment. When reporting on eating habits within the last 12 
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months, half of these patients reported never eating high fat foods such 

as cheeseburgers/fast food, hot dogs or steak and never adding butter or 

cheese to vegetables. Most of the patients (83%) reported weekly 

consumption of fruits and vegetables. Commercial meal replacement use 

was reported by 67% of patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Reported taste changes (STTA) by treatment group. Percentage of patients from the total sample (n=10) who reported either no taste change or 

some level of taste change, as measured by the Scale of Subjective Total Taste Acuity (STTA), per treatment group. 

 

Product Evaluation 

 

Eleven meals were evaluated by four patients (one in the acute treatment 

phase and three in the post-treatment phase), with one meal product used 

at different meals (Table 4). Meals were combined for analysis due to 

the small sample size. Most of the meals (82%) were reported as an 

appropriate portion size, and 73% of the meals were at least half 

completed with 67% of meals mostly completed (≥ 75% of meal 

completed). At the time of rating the meals, 50% reported their current 

appetite as “good” 25% as “poor” and 25% as “very poor”, representing 

a decrease from their reported appetites prior to treatment (100% 

represented as “very good”). Also, at the time of rating the meals, one 

patient (25%) reported no taste change, and the other three (75%) 

reported mild taste change. 

 

Table 4: Study patients’ product evaluation. 

 Favourable N (%) Not Favourable N (%) No response N (%) 

Portion Size 9 (82%) 2 (18%) 0 (0%) 

Taste met expectations* 8 (73%) 2 (18%) 0 (0%) 

Product Taste 7 (64%) 4 (36%) 0 (0%) 

After-taste lingering in mouth** 8 (73%) 2 (18%) 1 (9%) 

Salty Flavor of Meal 10 (91%) 1 (9%) 0 (0%) 

Sweet Flavor of Meal 11 (100%)   0 (0%) 0 (0%) 

Sour Flavor of Meal 11 (100%) 0 (0%) 0 (0%) 

Bitter Flavor of Meal 11 (100%) 0 (0%) 0 (0%) 

Burning Sensation** 9 (82%) 1 (9%) 1 (9%) 

Meal fully heated per instructions 8 (73%) 2 (18%) 1 (9%) 

Meal Temperature 9 (82%) 1 (9%) 1 (9%) 

Four patients evaluated 11 products. 

Table Note* One rating (9%) was neutral. 

Table Note** An evaluation of ‘none’ is considered favourable for lingering after-taste and burning sensation. 

 

Overall, meals were rated favourably, with 73% of the meals rated as 

close to or meeting expectations. Meal taste was reported as good or 

satisfactory for 64%, and no after-taste was reported for 73% of meals 

despite 75% of the tasters reporting taste changes on the STTA during 

and after treatment. The majority of ratings were favourable for salty 

flavor (91%), sweet flavor (100%), sour flavor (100%) and bitter flavor 

(100%). No burning sensation was reported for 82% of meals. Following 

product instructions resulted in a fully hot meal for 73% of the rated 

meals, with only one meal rated as too cold after heating per instructions 

(9%). Despite the favourable ratings for the specific aspects of the food, 

46% of meals were rated as ‘would eat again’, and 46% were rated as 

‘would not eat again’. However, 55% of meals were rated as ‘would 

recommend’, and there was agreement between eating again and 

recommending for 91% of the meals.  
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Discussion 

 

This exploratory study assessed oral changes and their impact on diet 

and food product evaluation in adults with HNC during and following 

treatment. Subjects were provided with product samples per protocol and 

completed evaluations of meals and liquid shakes. Overall, the subject 

reports were positive in the product trial. Product evaluation was 

grouped into stew (vegetarian), meal (beef, chicken and vegetarian) and 

shake for the analysis. The portion size was generally reported as good, 

reflecting suggestions for frequent/small meals and potentially reduced 

appetite reported by patients. In addition, the convenience of preparation 

in the context of frequent meals and fatigue may be of importance, and 

convenience of use of the product was noted by participants. The overall 

taste was reported good/satisfactory for the meal, but variable for some 

with poor taste or too little taste described for stew. The taste qualities 

of the products tested, including sweet, salt, bitter and sour were reported 

to be satisfactory. Meal preparation required only microwave and were 

reported as convenient. 

 

A 2018 study of 43 patients with breast cancer (BC) receiving multiple 

chemotherapy protocols assessed salt, sour, sweet, bitter taste and 

electrogustometry [22]. Mucositis was present in 16% of those on 

chemotherapy, of which approximately half correctly identified the 

tastes tested, although the intensity was not described. The findings in 

this study suggest that patient-reported outcome (PRO) alone is not 

sufficient to assess taste function in patients at risk with cancer. In the 

current study, while the products provided were high in sodium, the 

majority of participants reported no salty taste or adequate salt taste with 

only one report identifying salty taste as too salty. Sweet taste was 

acceptable, with no reports of excessive sweet taste. Sour and bitter were 

not reported excessive for any product tested. The texture of shake was 

reported as too thick by half of responders which was developed with the 

goal of increased energy and nutrient content. The texture of meals and 

stew was reported as good. After-taste was reported in one individual 

who noted this in the meal and stew tested.  

 

Evaluation of consumption of the entrée was variable, with one subject 

reporting difficulty chewing and swallowing while others reported no 

difficulty. Overall, the burning sensation with eating was not present 

with trial products, although one subject did report burning with eating 

the stew at 11 months post-treatment. The temperature of the product 

when eaten was reported as good in subjects following cancer treatment. 

Overall assessment of the product as assessed by the willingness to use 

again was affirmed by the majority of those reporting consuming a meal 

but split for the stew product. Food sticking in the mouth and food 

sticking in the throat and choking were more commonly reported during 

HNC cancer therapy, likely due to hyposalivation and mucositis, and 

food sticking in the mouth of survivors should be considered in dietary 

advice and product development [23]. Food sticking in the mouth was 

more common following treatment, likely related to reduced saliva 

production post-treatment. Taste acuity such as saliva quantity and 

quality (texture) likely has a considerable impact on dietary choices and 

intake. 

 

Even though more than half of all patients reported eating a whole meal 

or more to feel full, most patients noted a decrease in appetite during 

treatment and needed longer or a much longer time to consume a meal 

[23]. Additionally, most patients reported that eating was pleasurable 

prior to treatment but was unpleasant or very unpleasant due to no taste, 

pain or difficulty swallowing during and after treatment, with 67% 

reporting severe taste changes. Patients reported the spicy perception of 

capsaicin and bitter perception as particularly problematic when eating 

during and after treatment; however, umami (savory), sweet, metallic 

and fat tastes were only impacted during treatment. As noted in (Table 

4), the bitter and spicy flavor perception of the products were favourable, 

as were salty, sweet and sour flavor perceptions. These findings from all 

subjects suggest taste recovery may occur following HNC therapy and 

that changes occur over time from treatment start to survivorship and 

may need to be considered in diet/product development. 

 

Considerations in food product development for individuals to consume 

during and following cancer therapy should include recognizing 

potential acute toxicities and chronic toxicities in survivors that occur 

throughout the cancer trajectory as well as energy and nutrient needs. 

Texture and thickness of food are factors that affect consumption, 

swallowing and choking/aspiration also change across the cancer 

continuum. Oral mucositis and related mucosal pain are commonly 

thought of as acute complications, but mucosal pain and sensitivity 

continue in many patients and may be associated with sensitivity to spicy 

food in survivors. Our study shows that saliva volume and function is 

different during and following cancer treatment and should be 

considered in product development, potentially with different product 

choices for patients during and following cancer therapy. The adults with 

HNC in this study who participated in the product trial had relatively 

limited hyposalivation and maintained excellent oral hygiene-with a 

highly motivated and compliant patient pool which likely does not 

reflect the general HNC population, where oral hygiene, gingivitis, 

plaque levels, tobacco use, dental health may be compromised. 

 

For prepared meals, considerations include ease of preparation, portion 

size, shelf life, cost and availability, in addition to the general 

considerations for oral status, energy and nutrient density for food and 

diet. These considerations were reported as good for products tested. 

Limitations of this report include the small sample size, lack of 

generalizability and limited subject compliance with product trial, as 

discussed below. The oral status of these patients, including plaque 

control, gingivitis, and saliva, were little changed throughout treatment 

and follow-up, although mucositis was present during treatment and 

resolved at follow-up. The excellent oral hygiene, as reflected in plaque 

and gingivitis scores in these subjects, may be due to good dental health 

at study entry plus the impact of the study protocol reinforcing oral 

hygiene that may not reflect that of the general HNC population, where 

the oral status and oral care may impact diet. The survey tools used in 

this study were extensive and required patient effort and time to 

complete. Subject compliance with report back on product trial was 

limited and provided guidance for future product evaluation. Patient 

fatigue and patient study survey fatigue are important considerations in 

the design of future trials. This exploratory study suggests considerations 

for diet and food product development across the cancer continuum in 

HNC and has implications for the care of oncology patients in general. 
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