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ABSTRACT

Most patients undergoing head and neck radiation therapy for 
cancer control experience altered taste perception which discourages 
adequate nutrient intakee A poor nutritional profile often intensifies 
many complications of irradiation0 Oral zinc supplementation has been 
alleged to enhance taste potential in head and neck cancer patients 
undergoing radiation therapy» The objective of this study was to deter
mine if zinc supplementation would preserve the sense of taste, thus 
supporting patient nutritional status and diminishing some adverse ef
fects of treatment.

Twenty patients were evaluated in a double-blind study. Group 1
/received zinc supplements and Group 2 received placebos. Serum analyses 

and patient assessments for taste and progress were made weekly. The 
difference in values before and after treatment was determined for each 
patient and averaged for each group.

The only significant difference was an elevation of serum zinc 
levels in Group 1. Serum copper, taste perception, and body weight did 
not differ significantly between the two groups. The amount of radia

tion required to alter taste was not meaningfully different.
The results of this investigation did not indicate that zinc 

supplementation is helpful in preserving taste potential in head and 
neck cancer patients during radiation therapy.



INTRODUCTION

The effects of oral zinc (Zn) supplementation on taste potential
in the head and neck cancer patient undergoing radiation therapy is the
subject of this thesis. In the brief introduction, the impact of cancer 
and radiation therapy on the patients* nutritional and physiological 
states is discussed.

The introduction indicates the magnitude of the problems that
head and neck cancer victims face when combating their disease. In
attempt to minimize these discomforts, Zn supplementation may benefit 

these patients. The relationship between Zn status in the cancer 
patient and taste is presented in the background section. This material 
firmly establishes the basis for the hypothesis of this investigation: 
Zn supplementation can optimize taste potential in the head and neck 
cancer patients undergoing radiation therapy.

Dramatic alterations in normal eating processes afflict victims 
of head and neck cancer. In addition, appetite regulation and food 
intake frequently change, secondary to the disease. These changes 
result in weight loss. It is hypothesized that the weight loss results 
from: (1 ) the production of tumor toxins; (2 ) ineffective insulin
utilization; (3 ) a mechanical impedance in mastication or swallowing; 
(4) tumor parasitization of nutrients; or (5) taste alterations (Mossman 
and Henkin, 1978; Sobol, 1979; Brennan and Copeland, 1981). The treat
ment of these patients often involves a combination of surgery and 
radiation therapy, both of which can further create dietary problems.



Therefore 9 the nutritional management of the head and neck cancer 
patient poses a unique challenge for the nutritionist„

Because surgery involves substantial resections of the head and 
neck area9 frequently the normal processes of mastication and/or swal
lowing are altered0 Postoperatively9 the patients progress dietarily 
from a clear liquid diet to one appropriate for their eating abilities9 

the spectrum encompassing blenderized foods to a normal diet6 After 
surgery9 patients are allowed 3 weeks to heal before they begin 
radiation therapy.

Other alterations in dietary practices may result from dental 
extractions. Optimum dental health minimizes the patients* risks of 
abscessed teeth and bone infections9 thus good dental health is required 
prior to the commencement of radiation therapy. In consequence of the 
necessary dental manipulations9 the diet must accommodate the patients* 

chewing capabilities.
First 9 patients adapt dietarily and psychologically to preradi

ation preparations9 then they endure the effects of radiation therapy. 
Patients are treated 5 days per week until the total dosage is 
delivered. Radiation is an accumulative process requiring 6  to 8  weeks 
to complete. As the rads (radiation absorbed dose) increase, the effects 

become more pronounced-— tumor eradication and the side effects. These 
side effects include increased vulnerability to candidiasis (a yeast 
infection that can occur in the mouth), altered taste9 mucositis 
(inflammation of the mucosa), as well as xerostomia (dry mouth). Also, 
the head and neck areas radiated will be permanently predisposed to



soft tissue and osteonecrosis5 development of infection, dental caries, 
and poor healing.

As radiation therapy continues, the diet must change to accom
modate the increased nutrient .demands during this stressful mode of 
treatment. The diet must become more alkaline and bland in order to 
minimize the burning sensation experienced when, spicy or acidic foods 
contact inflamed areas of the oral cavity and oropharynx. Moist, soft 
foods facilitate the chewing and swallowing processes in a dry, sore 
mouth. The patients' appetites for this bland diet suppress in a short 

time.
Accompanying these dietary modifications, the patients' protein 

and caloric requirements are elevated because of the continuous insult 
of radiation, which induces an increased rate in tissue repair proces
ses. Failure by the patients to recognize their increased nutritional 
needs compounded with the lack of dietary direction leads again to 

weight loss. Reported cases show that 93% of the head and neck cancer 
patients lose weight during radiation therapy and severe weight loss 
(greater than 10% body weight) occurs in 9% of patients (Donaldson and 
Lenon, 1979). Patients who maintain their weight tolerate the radiation 
therapy better and suffer side effects to a lesser extent.

The ingestion of food becomes very different and difficult for 

the patients as the side effects of the radiation accumulate. The phys
ical discomfort of eating, as well as the unsatisfactory gustatory 
experience, suppresses the desire to eat. Supreme efforts must be made 
by the patients in preparing and ingesting food; If the patients are 
aware that their dietary habits must change and dietary alternatives are



suggested, interest in and tolerance of eating can be maintained during 
and following radiation therapy.

Head and neck cancer patients deserve a better quality of life 
during treatment. Their adjustments to the situation, socially, finan
cially, psychologically, and physically, are tremendous and occur 
abruptly. Consequently, this study was formulated in hopes of providing 

data to show that Zn supplementation is a beneficial adjunct in radia
tion therapy by minimizing the treatment's side effects.



LITERATURE REVIEW

The evidence available relating Zn status to cancer patients* 
taste and nutritional status is not strong» However9 there is substan
tial indirect support for such associations» The objective of this 
background presentation is to depict the aforementioned interrelations 
that stimulated the formulation of this study6

Zinc Nutriture and the Cancer Patient 
Evidence indicates that cancer patients* metabolic profiles tend 

toward Zn depletion. Poor Zn nutriture seems to stem from four differ
ent etiological factors. The first is hyperzincuria (increased urinary 
Zn excretion). Cancer patients excrete three times the normal levels of 
Zn in the urine (Schwartz, 1975). The second is hypozincemia (low blood 
Zn levels), which occurs commonly in cancer victims of many sites and 
stages (Zakrzeuski et al., 1972; Schwartz, 1975; Inutsuka and Araki, 
1978; Abdulla et al., 1979; Atukorala et al., 1979).

Thirdly, metabolic alterations occur consequential to the pres
ence of malignancy, such as malabsorption syndromes, ineffective 

insulin, or adulteration of satiety signals (Schein et al., 1979) The 
alteration in insulin effectiveness creates energy deficits in the body 
and adulterates protein metabolism. In response to the energy demands, 
hypercatabolism of body protein occurs and involves many Zn- 
metalloenzymes (enzymes containing Zn). Thus, the increased rate in



protein breakdown creates an increased need for Zn-metalloenzymes5 

which9 in turn9 raises the dietary requirements for Zn»
Finally 9 Zn depletion can occur secondarily to poor dietary in

take of Zn (Sobol et ale 9 1979)« Anorexia (loss of appetite) occurs9 or 
the "cancer cachexia" syndrome9 which is a triad characterized by (1 ) 
anorexia with diminished food intake9 (2 ) hypermetabolism of the nutri
tional state9 and (3) wasting of body tissues (DeWys9 1975)- These are 
major problems in cancer recovery. Cancer victims simply refuse to eat 
and quickly become nutritionally depleted.

Body stores of Zn are not extensive and can become depleted 
within weeks with poor nutritional practices. Furthermore9 the evalu
ation of Zn deficiency is not a simple diagnosis. However9 one study 
suggests that the Zn nutritures of head and neck cancer victims can be 
used in patients? prognoses (Abdulla et al , 5 1979), Abdulla et. al. 
reported that patients with higher serum Zn levels and a zinc-to-copper 
ratio closer to one lived longer posttherapy.

Zinc and Taste
Substantial evidence documents hypogeusia (decreased taste) as 

one characteristic of human Zn deficiency. Tests on animal models indi
cates that taste alterations occur with dietary Zn restriction also. 
Rats fed Zn-deficient diets demonstrated preference for salt water 

versus deionized water as well as reduced food intake (McConnel and 

Henkin9 1974; Catalanotto9 1978a9 1978b).
A recent study (Wright et al, 9 1981) showed that adult male 

humans fed Zn-restricted diets manifested decreases in taste acuity for



sodium chloride (salt) solutionse No alterations were observed for urea 
(bitter) solutions. The plasma Zn levels did not drop significantly 
during Zn depletion, nor was there a change in parotid salivary Zn 
levels. The method used for taste evaluation was a 17-point intensity 
scale. This technique introduces tremendous subjectivity to the 
results. It would have been useful to have run a psychological test for 
mood throughout the experimental period. The mental implications of a 
Zn-depleting state was not considered and possibly could have in
fluenced the results of the taste test significantly,

A variety of situations in humans demonstrates that hypogeusia 
is a consequence of Zn depletion: (1) 10 patients administered pene-
cillamine (a divalent cation used for treating copper (Cu) overload 
disease) developed Zn deficiency manifested by hypogeusia and low serum 
Zn levels (Knudsen and Weismann, 1978; Catalanotto, 1978b); (2) studies
of malnourished, disadvantaged children showed an association of 
decreased taste acuity, low serum Zn levels, and growth failure 

(Hambidge et al., 1972; Nutrition Reviews, 1978); (3) a recent 
case history of low serum Zn levels associated with hypogeusia was 

reversed by Zn supplementation; concomitantly, the serum Zn level 
returned to normal (Krueger and Krueger, 1980); and (4) improvement of 
taste acuity by Zn supplementation was reported in chronic renal failure 
patients (Atkin-Thor et al,, 1978; Mahajan et al,, 1980), The taste 
statures in these patients were documented subjectively (subjects’ 
descriptions) and quantitatively (taste acuity evaluation). Again, post 
Zn therapy, the serum Zn levels returned from low levels to normal.
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Furthermore s, the benefits of Zn supplementation on taste acuity 
has been shown in postradiation head and neck cancer patients (Mossman 
and Henkin, 1978)* These subjects were tested for their taste acuity at 
least one year after the completion of treatmento Patients’ tastes were 
reported as poof9 a finding supported by results of a quantitative taste 
test (the forced choice three stimulus drop technique)» Serum Zn levels 
in these patients were also lower than normal Zn blood values and became 
significantly elevated with Zn supplementation along with substantial 

improvements in taste acuity.
The above cases reflect impaired Zn nutriture associated with 

hypogeusiag corrected by Zn supplementation. However9 Zn supplementa
tion is not universally efficacious for all taste ,disorders (Henkin et 

a!., 1976; Nutrition Reviews9 1979).

Radiation, Taste Status, and 
Zinc Supplementation

The head and neck cancer patients suffer impaired taste of vary
ing degrees caused by radiation (Conger, 1973; Henkin, 1978; Mossman et 
al . 9  1979). Because of the side effects of radiation (mucositis, 
xerostomia, masticating problems, etc.), the patients often tend to 

consume a milk and egg-based diet (Donaldson and Lenon, 1979). This 
type of diet does not provide an adequate Zn intake, and a Zn-depleted 
state can occur fairly quickly (Haeflein and Rasmussen, 1977). Also, Zn 
deficiency delays healing processes (Walravens, 1979; Prasad, 1979). 
During radiation therapy and for a period after treatment, an increased 
rate of healing occurs in the radiated tissues. Thus, if the patient is 
in a Zn-depleted state, this could limit essential healing processes.



Therefore 9 Zn supplementation may benefit the head and neck cancer 
patient during and post radiation therapy*

Zinc9 Taste, and Saliva 
If the patient were assured of adequate Zn nutriture (via oral) 

supplementation), possibly taste alterations could be minimized and 
healing processes would be optimized• However, the integration of 
taste, saliva, and Zn status involved in gustatory pleasures or sensa
tions is not completeo Low salivary Zn levels have been associated with 
decreased taste acuity (Henkin et al,, 1975), But no correlation ap
pears between blood Zn levels and salivary Zn levels, nor can any com
binations of these measurements reflect Zn status in man (Mathur, 
Wallenius, and Abdulla, 1977; Greger and Sickles, 1979), No available 
research demonstrates that salivary Zn levels are elevated by Zn sup
plementation, nor is the complete role of saliva in gustation clear.

Alterations in taste preferences are well documented in desali
vated animals (Nanda and Catalanotto, 1981). However, the etiology of 
the changes (taste bud physiology, maintenance of oral epithelium integ
rity, and consumptory behavior) are not understood.

Upon desalivating rats, there was increased preference for 
normally avoided taste solutions (salty or bitter), increased keratosis 
on the dorsal portion of the tongue, and the taste buds of the circum- 

yallate papillae appeared shrunken and disorganized (Nanda and 
Catalanotto, 1981). In addition to the above observations, there were 
no significant differences in the body weights or total fluid intakes 
between the desalivated and the sham-operated rats.
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Henkin’s (1978) theory of gustation integrates the role of Zn in 
tasteo Henkin claimed that a Zn protein gustin is present in the parot
id salivao Gustin has properties similar to nerve growth factor (a 
molecule that stimulates peripheral nerve regeneration). Therefore, the 
Zn protein, gustin, stimulates the differentiation of the peripheral 
taste bud pore cells to become taste bud cells. In Zn deficiency, 
gustin is not synthesized as readily, the the rate of taste bud cell 
differentiation is decreased resulting in hypogeusia. Of course, more 
work is required to prove this theory. However, this hypothesis does 
provide an encompassing process.

Subclinical Zinc Deficiency 
The Zinc-to-Copper Ratio

There are wide ranges given for normal values of serum Zn and Cu 

in man. The normal, adult range for serum Zn is 65 to 145 yg% and for 
serum Cu, the range is 70 to 200 yg% (Krupp and Chatton, 1978). These 
wide ranges make the evaluation of human Zn or Cu problems very diffi
cult. This is the reason that Zn-Cu ratio has gained popularity in 
evaluating subclinical Zn deficiency.

The identification of subclinical Zn deficiency utilizing the 

Zn-Cu ratio appears to be more useful in certain clinical situations 
(Mathur et al., 1977; Abdulla et al., 1979). When the Zn levels are low 
and Zn/Cu is not close to one, subclinical Zn deficiency is likely. 
However, there are several exceptions for this criterion.

Alterations in the Zn blood levels and Zn/Cu associated with 
disease states and drug therapies were documented and summarized 
(Solomons, 1979; Aggett and Harries, 1979; Hartoma, Sotaniemi, and
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Maattanen9 1979), Extreme awareness must be maintained in extrapolating 
the meaning of Zn blood levels and an abnormal Zn/Cu,

No available reliable clinical methods can evaluate Zn status in 
man (Prasad, 1979; Aggett and Harries, 1979), To determine man’s Zn 
status, a complete metabolic study must be performed with periods of Zn 
supplementation and Zn restriction. This procedure is time consuming 
and costly and therefore not feasible in the clinical setting.

Taste and Taste Evaluation Techniques 
The elements involved in mammalian gustatory systems are unclear 

unclear (Bealer and Smith, 1975). Current models have their supportive 

evidence as well as their shortcomings. The most popular theory 
hypothesizes that the fungiform papillae are multisensitive organelles, 
thus accounting for the variation in the neural activity detected in 
response to taste stimuli (Bealer and Smith, 1975).

The difficulty in evaluating mammalian taste is the experience 

of pleasure associated with gustation (Pfaffman et al., 1978), Further
more, there is an enhanced preference for certain sapid nutritious sub
stances such as a craving for sugar when the body senses hunger and a 
craving for salts when the body is in need of electrolytes.

There are severe gaps between the macrolevel of taste (the cul
tural acquisition of tastes— food preference) and the microlevel (the 

neurophysiology of the taste bud cells, (Henkin et al., 1974; Pfaffman, 

1978).
The understanding of taste at the macrolevel is of clinical 

importance when designing a dietary regimen. However, the understanding
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of taste at the microlevel enables improvement in the techniques utiliz- 
able for evaluating taste disorders and in delineating treatment 
modalitiese

Methods in taste evaluation encompass techniques for the 
trained as well.as the untrained individual» Taste evaluation tech
niques requiring trained panelists are used by the food industry for 
product analysise Methods of taste evaluation for the untrained person 
are necessary in the clinical situation.

There are three common techniques. The latter two have a degree 
of subjectivity inherent in the method. The first technique relies on 

electrophysiological data collected in response to graded concentrations 
of taste stimuli (solutions of sweet, sour, bitter, and salt tastants. 
Single taste bud pores are evaluated and not taste quality (see Appendix

B) o

The second method is the forced choice three stimulus drop 
technique. The.value obtained from the test is a detection over 

recognition (D/R) term derived from the concentration of the sweet* 

sour, bitter, or salt solution administered to the tongue (Henkin, Gill, 
and Bartler, 1963). The subject indicates when he/she detects a dif
ferent taste from water and again when the solution can be identified. 
This is a tedious method to use in a clinical situation, however 
commonly used.

The third technique is elgustometry. This method allows the 
tongue to function as a variable resistor in the circuitry of the 

elgustometer (the taste evaluating device) (Krarup, 1958). By varying 
the voltage delivered to the right and left sides of the tongue, a change



in neural activity can be detected. Exactly which nerves respond to 
the stimulus is unclear as well as how the measurement relates to 

taste. However9 this technique is very convenient in the clinical 
setting. Therefore9 the understanding of the relationship between the 
values obtained from elgustometry and taste is an important 
investigation.



PROCEDURE

Head and neck .cancer patients who sought radiation therapy at 
the Arizona Health Sciences Center$> The University of Arizona, were 
asked to participate in the study» Every patient who was approached had 
the tongue and parts of the major salivary glands (parotid, submaxil- 
lary, and sublingual) in the field of radiation* The procedures of the 
study complied with the guidelines established for human research at the 
hospital (Appendix F).

Data were collected on 20 subjects. Eleven received Zn supple
ment (Group 1) and 9 received the placebo (Group 2), The supplements 
for the participants of the study were specially ordered white number 

3 capsules. This was done to facilitate swallowing of the capsules by 
the patients. Patients supplemented with Zn received 320 mg ZnSO^y^O 
(73 mg elemental Zn) per day (Appendix D). Each capsule contained 80 mg 

ZnS0^6 7H^0 and about 155 mg lactose (filler). The placebo was lactose 
(about 235 mg per capsule). The supplements were prescribed for the

ipatients to take one, four times per day with a meal.
Patients were evaluated weekly throughout radiation therapy. 

One baseline investigation was made prior to the commencement of the 
radiation and supplementation. In general, patients were evaluated on 

Mondays prior to their radiation treatment and following 2 days without 

treatment.
The weekly evaluations included analyses of serum Zn and Cu, 

total blood proteins, body weight, accumulated amount of radiation, a

14
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5-minute unstimulated saliva collection, and a diet history0 Taste 
evaluations were assessed by subjective responses (see Appendix A) and 
with an electrical taste device called the elgustometer„ Also, records 
of drug use, appetite, mucositis, time of last meal, and the patient’s 

sense of well-being were noted. The techniques used to evaluate some of 
these parameters are described in Appendix C.

In addition to the supplements, all patients were given a 
lengthy handout (Appendix E) with suggestions for practical dietary 
changes that would facilitate ingestion and would be supportive of their 
nutritional state during radiation.

To test the hypothesis that oral Zn supplementation can optimize 
taste potential in the head and neck cancer patient during radiation 
therapy, a double-blind study was conducted. Patients received Zn or a 
placebo. Patients’ changes were evaluated from their baseline parameter 
values. The trends of each patient were evaluated in terms of the 
amount of radiation in relation to serum Zn, serum Cu, Zn/Cu, the 
elgustometer readings of right and left sides of the tongue, subjective 

taste perceptions, and body weight. The regression coefficients for 
each patient’s correlations were averaged within their group. A two- 
tailed jt test with pooled variance was performed to determine the 
differences between the two means of the two groups. The differences 
between values before and after treatment were investigated for each 
patient. The group means for Groups 1 and 2 of the individual differ
ences were tested by a two-tailed _t test with pooled variance. The 
parameters tested were serum Zn and Cu, Zn/Cu, total blood proteins, 
body weights, and elgustometer readings for the right and left sides.



Patients whose taste did not change during radiation or who started 
radiation with abnormal taste characters were excluded from the 
analyseso



FINDINGS

Descriptions of Groups 1 (experimental) and 2 (control) are pre
sented in Tables 1 and 2«, In Group 19 45% of the patients were operated 
prior to the radiation therapy, whereas 8 8 % of the subjects in group 2  

had undergone prior surgery. Both groups were mainly comprised of 
patients with advanced tumors (stages III and IV). Males outnumbered 
females heavily in both groups.

The baseline evaluations between Groups 1 and 2 (Table 3) 
showed significant differences between the two groups regarding serum 
Cu, the Zn-Cu ratio, and the elgustometer reading for the right side of 
the tongue. There were no significant differences regarding serum Zn, 

body weight, total blood proteins, and the elgustometer reading for the 
left side of the tongue. There were no significant differences between 
groups’ parameters at the end of treatment except for the significantly 
elevated serum zinc values found in the experimental group (Table 4).

Patients’ subjective taste changes occurred at about 2,000 rad 
in both groups (Tables 5 and 6 ). Patients’ taste change did not cor
relate with any increase in the elgustometer readings. The capability 
of pooling unstimulated salvia during a 5-minute period ceased 

between 2 to 3 weeks of radiation. Another important result showed that 
among all participants in the study, 25% had no weight change, 20% 
gained weight, and 55% lost weight. However, not one patient lost more 

than 10 percent of his/her own pretreatment weight (Table 7).
17



Table 1. Group 1: Descriptions of 11 Patients with Head and Neck Carcinoma

Tumor

Subj ect 
Number

Sex Stage3 Prior Surgery
Age M F Site I II III IV Yes No

1 52 X tonsillar X X
3 69 X larynx X X
5 68 X ' lower lip X X
7 70 X floor of mouth X X
10 64 X oropharynx X X
12 60 X larynx X X
14 59 X oropharynx X X
16 58 X tonsillar X X
21 67 X larynx X X
22 50 X larynx X X
23 76 X base of tongue X X

Total x:63 9 2 1 3 • 2 5 5 6
a. See Appendix G„



Table 20 Group 2: Descriptions of 9 Patients with Head and Neck Carcinoma

Tumor

Subject
Number

Sex Stage3 Prior Surgery
Age M F Site I II III IV Yes No

2 73 X floor of mouth X X
4 74 X mandibular

gingiva
X X

6 47 X pyriform fossa X X
9 56 X submental X X
11 57 X larynx X X
13 55 X vocal cord X X
15 52 X floor of mouth X X
18 64 X hypopharynx X x
20 67 X oropharynx X X

Total x:60 6 3 0 1 1 7 8 1

a. See Appendix G,



20

Table 3. Baseline Comparisons between the Parameters of Groups 1 and 2

Number Standard
Parameter Group of Cases Mean Error

Body weight (lb) Group 1 11 152 11.2
Group 2 9 152 10.5

Elgustometer reading (pA)
Left side Group 1 11 67 16.4

Group 2 9 54 23.8

Right side Group 1 11 67
*

22.1
Group 2 9 37 8.50

Serum Zn (pg%) Group 1 10 60 . 5.35.

Group 2 9 61 5.21

Serum Cu (yg%) Group 1 10 150
*

8.05
Group 2 9 135 8.86

Serum Zn/Cu Group 1 10 0.36
*

0.039

Group 2 9 0.43 0.026

Total blood proteins (mg%) Group 1 9 7.1 0.23

Group 2 9 7.3 0.25

’•Significance at 0.05 levels.
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Table 4. Means of Differences between Final and Baseline Values for 
Each Parameter for Group 1 and Group 2

Parameter Group
Number 
of Cases Mean

Standard
Error

Body weight (lb) Group 1 11 -5 1.9
Group 2 9 -3 2.4

Elgustometer reading (yA)
Left side Group 1 9 -34 25

Group 2 8 -27 34

Right side Group 1 9 -50 25
Group 2 8 6 34

Serum Zn (yg%) Group 1 10 29 7.6
Group 2 9

*
-10 4.9

Serum Cu (yg%) Group 1 10 -8 11

Group 2 9 —6 9,2

Serum Zn/Cu Group 1 10 -i 0.22

Group 2 9 0.2 0.26

^Significance at 0.05 levels.
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Table 5. Serum Zn, Cu, and Zn/Cu Levels before and after Treatment and 
Amount of Radiation Accumulated before Taste Character Changed 
for Group 1

Estimated
Radiation
before
Taste
Change
(rad)

Before Treatment After Treatment

Subject
Number

Serum
Zn
(Pg%)

Serum
Cu

(Pg%) Zn/Cu
Serum
Zn

(pg%)

Serum
Cu

(pg%) Zn/Cu

1 1,620 80 115 0.70 93 110 0.83

3 1,260 60 183 0.32 92 144 0.64

5 1,800 64 147 0.45 148 164 0.91

7 2,700 64 152 0.42 92 124 0.77

10 abnormal
initially

84 200 0.43 80 133 0.59

12 1,260 (a) (a) (a) 74 81 0.91

14 no taste 
change

56 133 0.43 74 139 0.53

16 1,800 61 134 0.45 84 120 0.71

21 no taste 
change

44 144 0.30 96 140 0.67

22 4,320 24 144 0.17 57 102 0.28

23 2,520 60 144 0.42 71 144 0.45

Mean 2,160 59.7 150 0.41 87.4 127.3 0.66

a. Missing data.
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Table 6. Serum Zn» Cu» and Zn/Cu Levels before and after Treatment and 
Amount of Radiation Accumulated before Taste Character Changed 
for Group 2

Estimated
Radiation
before
Taste
Change
(rad)

Before Treatment After Treatment

Subject
Number

Serum
Zn
(pg%)

Serum
Cu

(vg%) Zn/Cu
Serum
Zn

(l4g%)

Serum
Cu

(Ug%) Zn/ Cu

2 abnormal
initially

56 80 0.71 44 132 0.33

4 no taste 
change

72 132 0.63 48 103 0.48

6 1,920 56 132 0.43 48 103 0.42

9 2,340 92 120 0.77 61 118 0.52

11 no taste 
change

76 146 0.53 52 117 0.43-

13 1,800 44 151 0.29 49 136 0.36

15 1,800 60 152 0.40 44 148 0.29

18 1,870 56 176 0.32 60 136 0.43

20 no taste 
change

44 136 0.32 54 148 0.37

Mean 1,946 61.7 136.1 0.49 51.1 126.7 0.40
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Table 7. Body Weight Status of All Subjects

Subject 
Group Number

Weight Status
Gain No Change Loss Percent Loss

1 1 X
3 X 7
5 X 7
7 X 2
10 X 5
12 .X 3
14 X 9
16 X
21 X
22 X 8
23 X

Percentages 9% 27% 64%

2 2 X 8
4 X
6 X
9 X 6
11 X
15 X 4
18 X 7
20 X 7

Percentages 33% 22% 45%

Percentages for 
Groups 1 and 2 20% 25% 55%



DISCUSSION

The results of this study indicated that daily oral Zn supple
mentation (73 mg elemental Zn per day) significantly raised the serum Zn 
levels o However $> the increased amount of circulating Zn did not appear 
to enhance or preserve taste perception in these head and neck cancer 
patients during radiation therapy. It must be recognized that serum Zn 
levels do not necessarily reflect Zn nutriture. Therefore9 one cannot 

definitely conclude that taste and Zn metabolism are mutually exclusive 
or directly related. For example, much higher serum Zn levels may be
required to influence biochemical change at the cellular level.

Additionally, follow-up taste evaluations were conducted after 
the patients completed their courses of radiation treatments (data not 
reported in this thesis), These results showed that there was a tendency
toward more rapid taste regeneration in the Zn-supplemented group. The
patients continued Zn supplementation during the 3- to 5-week period 
postradiation therapy. At the follow-up interview, 63% of Group 1 
patients reported improvement in taste as compared to 22% in Group 2 
(placebo), This observation indicated that the administration of Zn 
supplementation (dosage and/or timing) might be an important factor in 
benefiting the patients’ taste recoveries.

Furthermore, this result complements previous findings (Mossman 
and Henkin, 1978), Mossman and Henkin reported that the taste in head 
and neck cancer patients improved with Zn supplementation when the Zn 
was administered at least one year after the subjects had finished
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radiation therapy» The taste evaluation method used in their study was 
the forced choice* three stimulus drop technique, a more common taste 
evaluation technique»

No prophylactic prevention of radiation-induced hypogeusia was 
demonstrated in my study by Zn supplementation0 This result contests 
Henkinv s (1972) suggestion that Zn supplementation can prevent taste 
loss in head and neck cancer patients during radiation therapy.

The elgustometer appeared to be a reproducible measurement of 

tongue innervation and thus possibly a reflector of taste perception. 
Although the physiological basis for this assumption is not clear, if 
correct, it would add objectivity to the observations as well as sim
plify clinical taste evaluation. Unfortunately, responses to the elgus

tometer appeared to have been influenced by a learning phenomenon, and 

it soon became apparent that the elugustometer readings could not be 
correlated with patient complaints of taste loss.

After the first couple of taste testings, the elgustometer 
readings became static, whereas the patients’ taste status reports 
varied greatly. This is probably due to the fact that elgustometer 
responses reflect nerve sensitivity unassociated with taste bud func
tion. Furthermore, the elgustometer only stimulates the tip of the 
tongue, thus excluding the majority of area involved in taste reception.

Uses of the forced choice, three stimulus drop technique, which 
adds qualitative and quantitative aspects to taste evaluation may be a 
more appropriate method to assess taste status. However, not all facets 
of gustatory function are considered or evaluated by the forced choice.
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three stimulus drop technique. For instance9 the pleasure associated 
with gustation is overlooked with this taste-testing procedure.

Because the study population was small9 the data must be con
sidered as preliminary. Randomization was determined upon the head and 
neck cancer patients* acceptance of radiation therapy. Secondly, the 
patients had to be willing to comply with this study*s protocol.

The major dissimilarity between the experimental and placebo 
groupings initially appeared to be the percentage of patients who had 
preradiation surgery. Noting that in Group 1, 5 of the 11 subjects 

underwent prior surgery, whereas 8 of the 9 in Group 2 had preradiation 
surgeries. This method of tumor eradication before commencement of the 
radiation could have influenced the serum Cu levels, offering one 
possible explanation for the significantly higher serum Cu levels 
demonstrated by Group 1 in the baseline comparisons between the two 

groups.
Based on taste perception data, Zn levels were not associated 

with taste status. Furthermore, there was no correlation between Zn 
levels and elgustometer readings, nor the elgustometer readings and the 
patients* taste descriptions. The serum Cu responses will be discussed 
below.

An unexplained difference that had no apparent influence on the 

results was the findings that in Group 2, pretreatment elgustometer 

readings on the left side of the tongue were significantly lower than 

those in Group 1. There were no differences between the right side of 
tongue readings or between the right and left sides of the tongue
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values, Possibly9 impedance of the tongue nerves by tumor or surgery 
could account for this difference.

Both groups were heavily weighted by patients having advanced 
malignancies. The fact that Group 1 had 7 of 11 patients with stage III 
or IV disease and Group 2 had 8 of 9 with advanced tumors, Once again, 
inspection of the*data did not indicate a relationship between staging 
of tumor, serum Zn levels, or taste status (elgustometer readings, sub

jective taste status). However, the serum Zn levels were extremely low 
in both groups initially.

Utilizing normal range values (Krupp and Chatton, 1978), 14 of 
the 20 patients had baseline serum Zn levels below the lower limit (65 
yg%). The normal values do vary with geographical location, however 
these normal ranges are universally utilized as laboratory control 
references. This does strongly indicate that these patients may well 
have a low body Zn profile. Furthermore, 14 of 20 patients had Zn/Cu 
less than 50%, the highest ratio being 77% at the baseline evaluation. 
This suggests a severe deficit in Zn nutriture.

An assumption was made from total tumor dose of an average mid- 
plane head dosage. It is realized that taste bud distributions are 
extensive and variable. Therefore, absorption of radiation energy by 
the taste buds can at best only be estimated. The variability of tumor 

location in the head and neck area further complicated the delivery and 

calculations. Tedious isodose studies would be required for more exact

ing date of the amount of radiation delivered to the taste buds.
However, clinical experience does confirm the extreme sensitivity, as
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well as patient-to-patient variability of taste bud destruction when 
exposed to therapeutic amounts of radiation.

The principal impact of Zn supplementation may well be related 
to the levels of Zn administered, the form of the compound, and 
patients’ Zn nutritures. The reversibility of radiation-induced hypo- 
geusia may be affected by the tissue levels of Zn which can differ 
greatly from the circulating levels. This concept supports the theory 
of a salivary protein (gustin) that may be active in the taste bud cell 
regeneration processes (Henkin, 1978).

The role of saliva in gustation, and taste loss and recovery 
remains an enigma. This observation is based on the fact that taste 
will partially or completely return, whereas salivary flow remains 
severely compromised. This discomfort of xerostomia was a tremendous 
concern of the patients due to its impedance of talking, eating, and 

sleeping. Because salivation virtually ceased, before taste was altered, 
the human clinical impact of xerostomia remains unclear.

Clinically, the most practical reflection of nutritional status 

during radiation therapy is the maintenance of body weight. Because 
there were no differences found between Groups 1 and 2, it can be 
assumed that serum Zn levels play no role in this aspect of patient 

well-being. Also, taste perception must play an equivocal role, because 

weight maintenance and taste showed no positive correlations. However, 

it must be noted that all patients were using nutritional supplements: 

about 1 liter per day (see Appendix E) in addition to their diets. 
Furthermore, it appeared to me that weight maintenance was influenced 
to a far greater extent by the patients’ attitudes. Those who wanted
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to help themselves did. However, patients needed the nutritional direc
tion and support.

The weight record for both groups was exceptional. Among the 
entire group (experimental and control), 45% either held or increased 
their body weight, whereas none of the others lost more than 10% of 
their pretreatment weight. This finding has added meaning because most 
of the subjects had advanced tumors. In addition, it is common for all 
patients to lose weight during radiation therapy for the head and neck 
area (Donaldson and Lenon, 1979). This remarkable record of the 
patients in my study most probably reflects the importance of having a 
dietitian/nutritionist available to counsel and encourage patients to 
eat during the stressful, painful, and depressing period of radiation 
treatments.

Recently, Cu has received attention relative to oncology. Cu's 
association with Zn, expressed as Zn/Cu, may indicate tumor activity 
(Abdulla et al., 1979). Abdulla's group observed significance to the 
Zn/Cu in a limited investigation of 13 head and neck cancer patients. 
They reported that the cancer patients, as compared to the controls, had 

lower Zn and higher Cu serum levels, yielding a low Zn/Cu. In patients 
responding beneficially to therapy (improved prognosis), the Zn/Cu 
tended to approach one. They noted that the patients with lower serum 

Zn levels and a Zn/Cu less than one were related to those patients 
with worse prognoses.

Data from my investigation are inconclusive regarding the Zn/Cu 
and the prognoses of the head and neck cancer patients. This is due 
to the influence of Zn supplementation in Group 1 and the small sample
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size and limited follow-up, However 9 at the 3-week follow-up evaluation 

(postradiation therapy)9 three patients, now deceased, demonstrated 
markedly elevated levels of serum Cu and low levels of serum Zn regard
less of their study group * This does tend to support Abdulla's 
findings.

In Group 1, postradiation treatment serum Cu levels decreased 
from pretreatment levels in seven patients, whereas in Group 2, 5 of 9 
patients' serum levels decreased. In neither group was the decrease 

statistically significant. However, a decrease in serum Cu levels may 
reflect tempory tumor eradication.

In the Zn-supplemented group the increased serum Zn levels did 
not affect the serum Cu levels. The Zn/Cu increased in Group 1, whereas 

it decreased in Group 2. In summary, no significance could be attri
buted to the relationships between serum Cu levels, serum Zn levels, 
the Zn/Cu, taste status, or patient prognosis with or without Zn 
supplementation.



APPENDIX A 

DEFINITIONS OF TASTE CHARACTERS

Hypogeusia: Generalized decrease in taste acuity»

Dysgeusia: Distortion of normal taste perception,

Cacogeusia: Abhorrent9 abnoxious taste produced by introduction 

and/or mastication in the oral cavity from food,

Phantogeusia: Intermittent or persistent sweet* sour* bitter*
salt * or metallic taste in the mouth* independent of external stimuli.

Heterogeusia: Inappropriate taste quality of consistent nature
associated with the presence and/or mastication of certain food or drink 

— unusual— not foul *

From Henkin et al. (1974).
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APPENDIX B

ORAL PAPILLAE ASSOCIATED WITH TASTE

1, Fungiform Papillae
a. Located on anterior two-thirds of tongue,

b. Diameter, 0.5-2 mm,
c. Extreme variations in numbers.
d. Appear as red, slightly raised projections,
e. Innervation by chorda tympani branch of %th cranial nerve

in association with lingual branch of 5th nerve.

f . Sense concentrations of sweet, salt, sour and bitter,
g. Number of functional buds per papilla range from 1 to 15;

only about half of the papillae contain one or more taste 

buds.

2. Circumvallate Papillae

a. Located at junction of anterior two-thirds and posterior

third of tongue.
b. Usually about eight papillae.
c. Range from 2 to 5 mm in diameter.
d. Prominent, sessile projections.
e. Each papilla contains 10 to 100 taste buds.

f. Sense all tastes.
g. Innervation by branches of glossopharyngeal nerve (9th).
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he No known associated pathology»
io Associated with glands (yon Ebner?s) that supply constant 

source of lubricationo

3e Palatal Papillae
a* Located in soft and hard palatal mucos, but not clinically 

observable*
be Similar histologically to other taste buds, but functions 

are not equally elucidated.
c. Usually associated with minor salivary (mucous) glands.
d. Innervation not clear.

4. Foliate Papillae
a. Located on lateral border of tongue at junction of anterior 

and posterior regions.
b . Mainly lymphoid tissue with some associated mucous glands 

presenting as irregular clumps of tissue; the stratified 
squamous epithelium overlying these papillae contain varying 

numbers of taste buds that are histologically similar to 
those of other oral areas.

c. Function and innervation have not been elucidated.
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5 o Taste Bud Characteristics

a« Approximately 25 cells per taste bud.

bo Unmyelinated nerves in bud propere
a. Life span of approximately 10 days,
do Regeneration from peripheral "basal” cells,
e. Spindle-shaped cells migrate to bud center to form the pore

or main receptor area.
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APPENDIX C

ANALYTICAL METHODS

1o Serum Zn and Cu Analyses
Ten milliliters of venous blood were drawn from the arm with a 

polyethylene syringe» The blood was then delivered into an acid- 
washed 15-ml conical test tube. The blood was allowed to coagulate 
for 75 minutes. After coagulation, the blood was spun down for 15 
minutes at 2,100 rpm in a table-top centrifuge. The serum was 
pipetted off and delivered into its acid-washed vial. The serum 
samples were stored at 0°C until they were - analyzed.

One to four dilutions of the serum were made with deionized 
water. Values were determined by atomic absorption spectrometry,

2, Elgustometry r
Patient rinsed the mouth with tap water and swallowed. The 

tongue was placed into the mouth piece of the instrument. The volt
age was increased until the patient could sense the stimulation of 
the elgustometer (a metallic taste experienced on the tongue), The 
actual testing then begun below the patient's threshold. The volt
age was increased until the current flowing through the tongue 
produced an increase of 2 microamperes. Stimulation lasted for 3 
seconds and rest followed for 5 seconds. Five readings were taken 
on the each side of the tongue. The readings for the left side and
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the right side were averaged separately following each testing 
session. Therefore9 each elegustometer value represents an average 
of five readings.

Saliva Collection

A 5-minute9 unstimulated, saliva collection was performed. The 
patient was asked to rinse the mouth with tap water and swallow.
All saliva that came into the mouth for a 5-minute period was 
expectorated into a graduated 30-ml disposable cup. The volume of 
saliva was recorded.

Radiation
The amount of radiation to the tumor was estimated as the single 

midline measurement of the oral cavity. This information was 
obtained from the patientv s chart on the day of the evaluation.

Body Weight
The total body weight of the patient with clothes and shoes on 

was recorded. A weight change was defined as an increase or de
crease in body weight greater or less than 2 pounds. All weights 
were taken in standard measurement (pounds).

Total Blood Proteins
Total blood proteins were determined using a total solids meter. 

A drop of undiluted serum was read and recorded in mg% protein.



APPENDIX D

SUPPLEMENT CALCULATIONS : ZnS04°7H20

Compound
Molecular Weight 

(g/mole)
Number of 
Molecules Total

Zn 65.37 1 65.37

S 32.06 1 32.06
0 15.99 11 175.89

H 1.01 14 14.14
ZnS04«7H20 287.46

Percent elemental Zn = 65.37/287.46 = 0.2274 per molecule 2nS04«7H20

80 mg ZnS04«7H20 
per day

per capsule x 4 capsules per day = 320 mg ZnS04«7H20

mg elemental Zn per day = 320 mg ZnSO,°7H„0 x 0.2274
= 72.768 mg
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APPENDIX E 

PATIENT HANDOUTS
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A FEW REMINDERS FOR THE P A R T IC IP A N T S  IN THE Z IN C  STUDY

The day before you start rad]at I on, a blood sample must be drawn, and 
an evaluation made. Please contact Dr. Manning, Dr. Coulthard, or 
Joan Silverman in order to make arrangements.

The day you begin radiation therapy is the day that you begin to take
the four capsules (one, four times per day with a meal) each day. It
is essential that you continue to take the capsule as prescribed for
a ten week period.

Preferably, on the same day of each week, a complete evaluation must 
be made. Please, for the evaluation, try to keep mental or written 
notes of any changes that you experience in:

1) the taste of food
2) your appetite
3) the dryness of your mouth
4) your most enjoyed foods

Please eat at least three hours before your visit to the clinic.
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The maintenance of your body weight and knowledge of nutrition are 
essential for a quick healthy recovery. This sheet is provided to give
you direction in maintaining your weight and for better nutrition. We
all know that eating is a very individualized appreciation. Personal 
food preferences are influenced by many social, cultural and health 
factors. For instance, in your health state, you have an increased 
need for protein and calories to help quicken the healing processes.
You will find that radiation therapy will change your food habits. To 
identify the most pleasing foods to you will require a trial and error 
procedure as well as your sincere effort. Below are some suggestions 
for your eating. It is your responsibility to experiment and determine 
the tastes, textures, and temperatures of foods that become most enjoy
able to you.

OBJECTIVE: Increase ease of eating

1. Cut your favorite meat (poultry, lamb, beef, pork) in bite 
sizes, or fish, and cook the meat slowly in a cream sauce. This 
method of preparation makes the meat extremely tender and very 
easy to eat. Stews are great, too.

a. Pour a can of cream condensed soup over the meat, cover 
and bake at 2506f for 2 hours.

b. Check your grocer's freezer section. There is a tremendous 
selection of meat and fish in cream sauces available.

2. Dunk your dry foods like donuts, breads, sweet rolls, biscuits, 
etc. in coffee, tea, or milk and your sandwiches in soups.

3. Use a lot of mayonnaise, sandwich spread, or mashed avocado in
your sandwiches, also grated cheese mixed with mayonnaise added
to your sandwich will aid your eating.

4. You will have to experiment with foods to find the most com
fortable mouth feel for you, i.e., temperature, texture, spici
ness. You will probably find that tender moist foods are the 
easiest to eat.

OBJECTIVE: Increase nutritional quality by adding protein and calories
to your food.

1. "Bone-up" your milk. Use one-third cup of non-fat dry milk
solids per two cups of milk or half-and-half. Use this mixture 
as you would use milk.
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2. Drink two 8-ounce cans of ENSURE per day. Ensure is like a 
vitamin pill with protein and calories,

3. Crack an egg in your milkshakes. An egg provides about 7 grams
of protein and 60 calories not to mention the vitamins and 
minerals that it contains.

4. Top your casseroles, vegetables, etc. with cheese. Add cheese
to your sandwiches or melt it in your soup.

5. Add nut meal (ground, unsalted nuts) to your hot cereal, pancake
or waffle batter. Sprinkle nut meal on your vegetables, cas
seroles, or ice cream or blend some in your milkshake.

OBJECTIVE: Increase the amount of calories.

1. Use "boned up" half-and-half whenever possible over fruit, 
cereal, puddings, etc., in coffee, tea, milkshakes, soups, 
etc.

2. Use whipped cream or cool whip freely on fruit ice cream, pud
ding, hot chocolate, coffee, jello, waffles, etc.

3. Add cream cheese, sour cream or "boned up" half-and-half to 
soups, sauces, gravies, etc.

4. Use butter or margarine freely in frying, in sandwiches (or 
mayonnaise/sandwich spreads), on toast, vegetables, starches, 
hot cereals, etc.

5. Become a dessert eater. Select cream pies, ice cream, sherbert, 
yogurts, jello, cheesecake, puddings, etc., to complete your
mea 1s.

IF YOU HAVE ANY QUESTIONS, PLEASE ASK FOR JOAN SILVERMAN.



The main ingredient to a quick recovery is body weight maintenance via 
good nutrition. This entails three square meals and two snacks each 
day. Heal and snack times should be established at your convenience, 
and most importantly, practiced religiously.

This sheet is designed to provide nutrition suggestions and ideas for 
food preparation to achieve a high calorie diet, easy to eat!

***BREAKFAST***

FRUIT: Your favorite fruit topped with half and half or yogurt.
(If your favorite fruit is to acidity or burns your mouth, 
try peaches, pears, strawberries, sliced banana, any melon or 
papaya) . OR if, you can tolerate a fruit juice, an 8 oz. 
serving is suggested.

EGGS: Two eggs any style with cheese and diced meat.

OR

CEREAL: A hearty portion of your favorite hot cereal with butter
and half-and-half.

ENSURE: One eight ounce can, any flavor of Ensure.

In addition to the above, if you desire another cereal product, i.e., 
toast, sweet rolls, donuts, muffins, pancakes, hash browns or a fruit 
or vegetable bread —  these are all good colorie boosters. To increase 
the palatibility of these items, you may find dipping them in a 
beverage before eating them makes them easier to swallow.

***M0RNING SNACK***

A MILKSHAKE OR your favorite PUDDING (tapioca, rice bread, custard, 
chocolate, vanilla or whatever) topped with cool whip or whipped cream.

***LUNCH***

SOUP: A hearty vegetable or a cream soup.

SANDWICH: An open faced (chicken, avacado, olive, ham, egg, tuna,
etc.) salad sandwich 
OR

CASSEROLE: and a creamed vegetable (broccoli, corn, or spinach) or 
mashed potatoes with butter and sour cream.

DESSERT: Jello with whipped cream or yogurt or ice cream or sherbert.



***AFTERNODN SNACK*** 
OR

EVENING SNACK

One eight ounce can of ENSURE, any flavor.

***DINNER***

ENTREE: Beef, poultry, pork, lamb or fish (bit size) in a cream
sauce or as a stew served over noodles, rice or bread
OR a quiche, OR souffle, OR an omelet.

VEGETABLE: Broccoli with mayonnaise or cheese sauce, squash, cauli
flower in cheese sause, asparagus with mayonnaise.

STARCH: Hash brown, or juliene, or scalloped potatoes, bread cubes
in warm milk or noodles with butter, half-and-half and grated 
parmesan cheese.

DESSERT: Cream pie, or cheesecake or cottage cheese and fruit

As radiation induces its effects, your eating habits will change. The 
above information is given to you to help you find food alternatives. 
The objective is to continue to eat with enjoyment and satisfaction.

If you have any questions, please ask for Joan Silverman.



SPECIAL SHAKES

Try different combinations until you find your favorites.

No Cholesterol 

Apricot raspberry shake:

Banana orange shake:

Pineapple lemon shake: 

Pear raspberry shake

Cranberry lemon shake: 

Banana raspberry shake:

Orange shake:

Strawberry lemon shake:

1/A c. apricot nectar
4 chopped apricot halves **FRUITY 

1/2 c. Raspberry sherbert

1/2 c. pineapple juice
1/2 c. orange sherbet TOO SWEET
1/2 banana

1/2 c. pineapple juice 
1/2 c. lemon sherbet ***TANGY
2 chopped P/A slices

1/2 c. pear nectar
1/2 c. raspberry sherbet ***

1 canned pear half, chopped

1/2 c. cranberry juice 
1/2 c. lemon sherbet 
1/2 banana

1/2 c. cranberry juice 
1/2 c. raspberry sherbet 
1/2 banana

1/2 c. orange juice 
1/2 c. orange sherbet

1/2 c. pear nectar 
3/4 c. lemon sherbet 

8 small strawberries

-GOOD!

»**N0T SWEET 
AT ALL



Favorite Shakes

Banana grape shake: 1/3 c. grape juice
1/3 c. mocha mix, boned up 

milk or half and ha 1f 
1/2 banana
1/2 c. lemon sherbet

Berry freeze: 1/3 c. mocha mix, boned up 
milk or half and ha 1f 

3/4 c raspberry sherbet 
6-8 strawberries

Pineapple berry freeze: 1/3 c. mocha mix or boned up 
milk or half and half 

1/2 c. fresh pineapple 
3/4 c. raspbery sherbet

'Milk-free" Banana shake: 1/2 c. mocha mix
1 banana

Chocolate banana shake: 1/2 c. mocha mix
"Mi 1k-free" 1 banana

2-3 Tblsp. chocolate syrup

Strawberry banana shake: 1/2 c. mocha mix or boned up
milk or half and ha 1f 

1/2 banana
6 strawberries 

3/4 c. lemon sherbet

Special High Calorie Shakes Made With Yogurt

Banana berry shake: 

approx. 465 ca1.

1/2 carton boysenberry or 
blueberry yogurt 

1/2 c. raspberry sherbet 
1/2 banana

1 whole egg or substitute

Peachy orange shake: 

approx. 500 cal.

1/2 c. peach nectar 
1/2 carton peach yogurt 
1/2 c. orange sherbet 
1/2 c. peach or apricot 

1 whole egg or substitute

NOT SWEET, 
REFRESHING

***VERY GOOD,
NOT TOO SWEET

***A FAVORITE, 
NOT TOO SWEET
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Lemony pear shake: 

approx. 500 cal.

Good
Very Good 
Super

1/2 c pear nectar 
1/2 carton lemon yogurt 
1/2 c. lemon sherbet 
1/2 c. chopped pear
1.whole egg or substitute

''NOT TOO SWEET

To increase calories and protein add:
egg or egg substitute - 1 egg or equivalent to 1 egg 
yogurt - plain or fruited 1/4 c. to 1 c. 
nonfat dry milk powder - 2Tb. 
powdered supplements - 2 Tb.

Non-prescription Liquid Supplemental Drinks"

Product

Meritene 
Nutri 1000 
Nutrement 
Suscatal 
Ensure

Company

Doyle Co.
Syntex Co.
Mead Johnson Co. 
Mead Johnson Co.

Non-prescription Powdered Supplements'1

Product

Meritene 
Sustagen 
Dietene
instant Breakfast 
Non fat dry 
milk powder

Company

Doy1e Co.
Mead Johnson Co. 
Doyle Co.
Several 
Severa1

-Products are available in local drug stores, pharmacies and 
grocery stores



APPENDIX F 

SUBJECT'S CONSENT FORM
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SUBJECT'S CONSENT FORM

You are being asked to voluntarily participate in a study entitled 
"The Effect of Oral Zinc Supplementation on Taste Potential in Head 
and Neck Cancer Patients Undergoing Radiation Therapy" that is being 
conducted under the supervision of Stanley W. Coulthard, M.D.

Purpose

The purpose of this study is to determine if oral zinc supplementation 
can preserve taste perception in radiation patients of the head and 
neck area.

Object i ve

To evaluate whether oral zinc supplementation can overcome the side 
effect of taste loss due to radiation therapy. In addition, improvement 
in the nutritional adequacy of the patients' diets will be achieved.

Location

The evaluations will take place in the fifth floor surgery clinic at 
The University of Arizona Health Sciences Center, Tucson, Arizona.

Procedure

I understand that participation in this study will require ten weekly 
evaluations. The first evaluation will occur prior to radiation ther
apy and the remaining nine evaluations will be made weekly during and 
after radiation therapy. If I elect surgery, I understand.that two 
additional evaluations will be made, one prior to surgery and one post- 
operat i vely.

I understand that each weekly evaluation will require:

1. A ten ml venous (needle in vein) blood sample (about 2 teaspoons). 
This procedure will take no more than five minutes. Serum zinc 
and copper, and total blood protein will be determined from the 
blood sample. The total amount of blood to be drawn for the dura
tion of the study is about one-half cup.

2. A taste evaluation using an elgustometer (a machine that measures 
the potential for the taste buds to taste). This will involve 
touching the front one-third of my tongue with the elgustometer 
instrument. This procedure will take about ten minutes.



3. A five-minute resting unstimulated saliva collection. I will be
asked to collect saliva in my mouth and periodically expectorate 
into a small cup. This aspect of the study is desired to investi
gate if oral zinc supplementation can minimize the symptom of the 
dry mouth.

h. A smell evaluation. I will sniff three odors and try to identify 
them. This will take about three minutes. This test is to deter
mine if the sense of smell has been altered.

So A self-subjective taste description. I will mention if I have
noticed any change in my perception of the sweet, sour, bitter, or 
salt sensations. This will take no more than five minutes.

6. A diet history. ! will be asked typically what I have been eating.
This procedure is necessary to obtain an approximation of the amount 
of zinc consumed in the diet, the nutritional adequacy of the diet, 
and use as a basis for nutrition counseling.

I. understand that participation in the study will require that everyday 
I must ingest pills (as capsules) four times per day with a meal. The 
doctors, staff, or patients will not know if they are receiving zinc or 
a sugar pill (lactose or milk sugar).

Risks

I understand that there are no major risks involved in this study, how
ever, possibly I may experience some stomach upset if I take the pills 
on an empty stomach. Also, I understand that I may have some slight 
bruising at the blood-sampling site.

Benefits

I understand that oral zinc supplementation may preserve my taste, mini
mize the mouth dryness, facilitate healing, and improve maintenance of 
oral health.

Cost

I understand that there will be no cost to me or compensation offered
to me for participation in this study.

I know that I have the freedom to ask questions at any time during the 
study and the right to withdraw from the study at any point without any 
alteration in the level of health care I will receive. At any time, a 
copy of this consent form is available to me upon request.

I know that my identity will not be revealed to any other individuals 
than Dr. Stanley W. Coulthard, Dr. Michael Manning, and Joan E. Silverman
Any exposure of the sample or data will be labeled with my initials. It
possible the data will be used in publication and again initials will 
.be used to distinguish individuals.



I understand that the risk of physical injury is minimal due to partici
pation in the study. However, should any physical injury occur, I know 
that financial compensation for wages or time lost is not available.
Also, no hospitalization costs will be provided for complications that 
may be induced due to participation in the study by Stanley W. Coulthard, 
M.D. I understand that Joan Silverman will provide more information 
regarding the project at any time upon my request.

Subject's Signature Witness' Signature

Date Physician's Signature
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in st itu t io n / p h y s ic im PATIENT RECORD NUMBER PATIENT NAME

AJC CLINICAL STAGING: ORAL CAVITY
CLINICAL STATUS OF PRIMARY TUK3R PRIOR TO ANY TREATMENT

HN-6a

S ite of 
Origin 

(check one)

Other
Involved
Slte (s ) Location o f Tumor

□ □ lip s : Q upper □ lo w e r

□ □ vermilion border

□ □ mucosa

□ □ buccal mucosa

□ □ flo o r o f mouth

□ □ oral tongue

□ □ hard palate

□ □ gingivae:

□ □ upper

□ □ lower

□ □ retromolar trigone

Anatomic Extension o f 7twor--AJC (check one)

□  Tunor 2 cm or less In  greatest diameter 
(T l)

□  Tumor >  2 on, but not >  4 cm 1n greatest 
diameter (T2)

□  Tumor >  4 cm In greatest diameter (T3)

□  Massive tumor>  4 m  1n diameter, with 
deep invasion to involve:

nasal antrum 
pterygoid muscles 
root o f tongue or 
skin o f neck (T4)

rTmTv:
Recional Lynioh NoOes (check one)

(NO) □  None
(N l) □  Single homolateral < 3  cm
(N2a) D  Single homolateral 3-6 on
(N2b) □  M u ltip le  homolateral up to 6 cm

(N3a) □  Hom olateral> 6 cm
(N3b) □  B ila te ra l*
(N3c) □  C ontralateral only
Fixed Nodes Q f e s  Q no

• I f  b i la te ra l nodes present, stage each side
separate ly . Right  L e ft______

01sU n t Metastasis (check those which apply) Surmary of Stace Grouoincs

(MO) Q  None (Ml ) D  Peritoneum
(Ml) □  Bone (Ml ) Q  Pleura
(Ml) □  Brain (M l) C  Skin /Subcutaneous Tissue
(Ml) Q  Liver (M 1 )Q  Eye/Orbit
(Ml) □  Lung

(Ml) □  Other:

□  Stage I :  T l .  NO, MO

□  Stage I I :  T2, NO. MO

□  Stage I I I :  T3. NO, MO
Tl or T2 or T3, N l, MO

□  Stage IV: T4. NO. N l, MO
Any T, N2. N3, MO 
Any T , any N, Ml

C lin ic a l C lass ifica tion  Summary 

T N M

Stage ( I - IV ) Signature Date
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INSTITUTION/PHYSICIAN PATIENT RECORD NUfSER j PATIENT NAME

AJC CLINICAL STAGING: PHARYNX
CLINICAL STATUS OF PRIMARY TUMOR PRIOR TO ANY TREATMENT

HN-6b

S ite  o f Other
Origin Involved

(check one) S1te(s)

□
□

□
□

NASOPHARYNX

Location of Tumor

posterior/superior 
wall (vau lt)

la te ra l wall

Anatomic Extension of Tumor—AJC
(check one)

□  No tumor v is ib le  (T l)

□  Tumor confined to one s ite  of 
nasopharynx (T l)

□  Tumor Involves both superior and 
la te ra l walls o f nasopnarynx (T2)

□  Tumor extends into nasal cavity  
or oropharynx (T3)

FI Tumor Involves skull and/or cranial 
nerve (T4)

□ □ fe u d a l arch
U

□ □ to n s il, to n s illa r  
p i l la r

□

□ □ base o f tongue □

□ □ pharyngeal wall
□

OROPHARYNX

□ □ pyriform fossa
□

□ □ postcricoid area
(pheryngo-esophageal
junction)

□

□ □ posterior wall □

diameter ( T l )

Tumor >  2 cm but not >  
greatest diameter (72)

Tumor >  4 cm In greates 
(T3)

with invasion of bone, soft 
tissues o f neck, or root (deep 
musculature) o f tongue (T4)

HYPOPKARYNX

(T l)

region wi t h o u t  fixaticr of 
hemilarynx (72)

region with fixa tion  of 
hemi1 arynx (T jj

□  Massive tumor invading hone and/or 
soft tissue of neck (T4)

Regional Lymor Noces icneck one;

(NO) □  None
(N l) Q  Single homolateral < 3  cm
(N2a) U  Single homolateral 3-6 cm
(N2b) □  M ultip le  homolateral up to 5 cm

(N3a) D  Homolateral > 6  cm
(N3b) □  B ila te ra l*
(N3c) □  Contralateral only
Fixed Nodes Q Y es Q N o

* I f  b ila te ra l nodes present, stage each side 
separately. Right  Le ft______

Distant Metastasis (cneck those which apply)

(MO) Q  none (Ml ) □  Peritoneum
(Ml) □  Bone (Ml ) □  Pleura
(Ml) □  Brain (Ml ) □  Skin /Subcutaneous Tissue
(Ml) □  Liver (Ml ) Q  Eye/Orbit
(Ml) Q  Lung

(Ml) D  Other: ___________________________________

Suttnarv of Stace Grouoincs

D  Stage I :

□  Stage I I :

□  Stage I I I :

D Stage IV:

T l ,  NO. MO 

T2, NO, MO 

T3, NO, MO
Tl or T2 or T3, N1.M0

T4, NO, N l. MO 
Any T, N2, N3, MO 
Any T, any N, Ml

C lin ica l C lassification Summary 

T N M

Stage (I-IV) Signature Date
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INSTITUTIOH/PHYSICIAN PATIENT RECORD NUMBER PATIENT NAME

AJC CLINICAL STAGING: LARYNX
CLINICAL STATUS OF PRIMARY TUMOR PRIOR TO ANY TREATMENT

Otner 
Involved
S U e(s)

HN-6c

S ite  of 
Origin 

(check one

D
D
D
D
D

  Location of Tumor

D  suprahyoid epiglottis

D  Infrahyoid epiglottis

D  eryeplglottlc fold

D  arytenoid

D  ventricular bands
(false cords)

LARYNX-SUPRAGLOTTIC

Anatomic Extension of Tunor—AJC (check one) 

[~1 Tumor confined to region of origin
with normal m obility  (T l)

□  Tumor Involves adjacent suoraglottlc  
sites or g lo tt is  without fix a tio n  (T2)

D  Tumor lim ited to larynx with fixa tion  
and/or destruction or other evidence 
of deep invasion (T2)

□  Tumor with d irec t extension to: 
postcricoid area; pyriform sinus; 
medial w a ll; or p re -ep ig lo ttlc  space (T3)

D Massive tumor Involving thyroid c artila g e , 
vallecu la , base of tongue, or other sites  
beyond larynx (T4)

D □  true vocal cords

D □  anterior commissure

LARYNX-GLOTTIC

Region;

In fe r io r  g lo tt ic  border to 
In fe r io r  cricoid cartilage

LARYNX-SUBGLOTTIC

D Tumor confined to vocal cord with 
normal m obility  (T l)

(~1 Tumor extends In to supraglottis and/or 
subglottis with normal or impaired cord 
m obility (T2)

|~~1 Tumor lim ited  to larynx with cord 
f ix a tio n  (T3j

□  Tumor extending beyond larynx (T<)

D Tumor confined to subglottis (T l)

f~~l Tumor extends to vocal cord(s) with 
normal or impaired m obility (T2)

n Tumor confined to larynx with 
cord fix a tio n  (T3)

□  Massive tumor cartilage  destruction and/or 
extension beyond confines of larynx ( T4)

Regional Lymoh Nodes (check one)

(NO) D  None
(N l) Q  Single homolateral <3  cm
(N2a) U  Single homolateral 3-6 cm
(N2b) D  M ultiple homolateral up to 6 cm

(N3a) D  Homolateral> 6 cm
(N3b) Q  B ila te ra l"
(N3cj □  Contralateral only
Fixed Nodes Q  Yes Q N o

• I f  b ila te ra l nodes present, stage each side 
separately. Right  Left______

Distant Metastasis (check those wnich apply) Summary of Stace Grouoincs

(MO) Q  None (M l)O  Peritoneum
(Ml) Q  Bone ( M l)O  Pleura
(Ml) Q  Brain (M 1)Q  Skin/Subcutaneous Tissue
(Ml) O  Liver (M l) Q  Eye/Orbit
(Ml) Q  Lung

(Ml) D  Other:

D Stage I :  D Stage I I :  

□  Stage I I I :

D Stage IV:

T l, NO. MO 

T2. NO, MO 

T3, NO. MO
Tl or 72 or T3, N l, MO
T4, NO, N l. MO 
Any T, N2, N3, MO 
Any T, any N, Ml

C lin ica l C lassification Summary 

T N M

Stage ( I - IV ) Signature Date
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INSTITUTION/PHYSICIAN PATIENT RECORD N U K E R PATIENT NAME

L £ )

AJC CLINICAL STAGING: PARANASAL SINUSES & NASAL FOSSAE KN-Sd
S ite  of 
Origin

CLINICAL STATUS OF PRIMARY TUMOR 
Other 

Involved

PRIOR TO ANY TREATMENT

□ □ In frastructu re

□ □ suprastructure

□ o both

MAXILLARY ANTRUM

□ □ NASAL FOSSAE

□ □ vestibule

□ □ septum

□ □ roof

□ □ turbinates 
( la te ra l w a ll)

□ □ flo o r

□ □ ETHMOID SINUS

□ □ anterior wall

□ □ posterior wall

□ □ SPHENOID SINUS

□ □ FRONTAL SINUS

Anatomic Extension of Tumor—AJC
(check one)

□  Tumor confined to antral mucosa of 
in fra  structure with no basic erosion 
or destruction (T1)

□  Timor confined to suprastructure 
mucosa without bone destruction or
to the In frastructu re  with destruction 
of medial or in fe r io r  body walls only 
(T2)

□  More extensive tumor invading skin 
of cheek, o rb it , anterior etnmoid 
sinuses, or pterygoid muscle (73)

□  Massive tumor with invasion o f 
cribriform  p la te , posterior 
ethmoids, sphenoid, nasopharynx, 
pterygoid plates or base o f skull (T -)

General Staging Rules (check one)

□  No evidence o f tumor (TO)

□  Tumor confined to one s ite  with 
lim ited  bone involvement—one wall 
(T2)

□  Two sites involved or d irec t extension 
to one neighboring structure or with 
extensive bone destruction of m ultiple  
walls (T3)

□  Massive disease with more than two 
sites involved or d irec t extension to 
more than one neighboring structure  
(T4)

Regional Lymph Nodes (check one)

!N0) □  None
Nl) □  Single homolateral <3  cm
N2a) 0  Single homolateral 3-6 cm
N2b) D  M ultip le  homolateral up to 6 cm

(N3a) D  Homolateral> 6 cm
(N3b) □  B ila te ra l*
(N3c) □  C ontralateral only
Fixed Nodes Q  Yes Q flo

• I f  b ila te ra l nodes present, stage each side 
separately. Right  Le ft______D istort Metastasis (check those which apply)

(MO)
(Ml)
(Ml)
(Ml)
(Ml)

□  None
□  Bone
□  Brain 
O  Liver
□  Lung

(M l) O  Peritoneum 
(M l) □  Pleura
(Ml ) 0  Skin /Subcutaneous Tissue 
(M l)Q  Eye/Orbit

(Ml) □  Other:

Sunrnary of Staoe Groupinos 

□  Stage I :  n ,  NO, MOD Stage I I :  D Stage I I I :

D Stage IV:

T2. NO. MO 

T3, NO, MO
Tl or T2 or T3, N l, MO

T4, NO. N l. MO 
Any T, N2. N3, MO
Any T, any N, Ml

C lin ica l C lassification Summary 

T ________  N M ______

Stage (I-IV) Signature Date
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INSTITUTION/PHYSICIAN PATIENT RECORD NUMBER PATIENT NAME

GENERAL CLINICAL STAGING: MAJOR SALIVARY GUWDS

PAROTID, SUBMAXILLARY, AND SUBLINGUAL 

CLINICAL STATUS OF PRIMARY TUMOR PRIOR TO ANY TREATMENT

HN-6e

S ite of 
Origin 

(check one)

□
□
□

Other
Involved
S lte (s )

□
□
□

Location o f Tumor 

Parotid 

Submaxlllary 

Sublingual

Anatomic Extension of Tumor

□  No evidence o f primary tumor (TO)

□  Tumor 3 an or less In  greatest dimension
m)

□  Tumor >  3 on but not >  6 an In greatest 
dimension, no d irec t extension, no 
major nerve Involvement (T2)

□  Tumor>  6 on with major nerve Involvement 
(c lin ic a l evidence of paralysis) no 
d irec t extension (T3)

□  Tumor with d irec t extension other than 
to nerve— to skin, subcutaneous tissue, 
oral cav ity , mandible, etc. (T4)

(To be used f o r  d iag ram s, i f  de term ined a p p ro p r ia te )

Regional Lymph Noces (check one)

(NO) □  None
(N1) Q  Single homolateral < 3  cm
(N2a) □  Single homolateral 3-6 cm 
(N2b) □  M u ltip le  homolateral up to 6 cm

(N3a) D  Hom olateral> 6 cm
(N3b) □  B ila te ra l*
(N3c) 0  C ontra latera l only
Fixed Nodes Q  Yes Q N o

• I f  b i la te ra l nodes present, stage each side 
separate ly . Right  L e ft______

D istant Metastasis (check those which apply) 

(MO) □  None (M l) □  Peritoneum
(Ml) □  Bone 
(Ml) □  Brain 
(M l) □  Liver  
(Ml) Q  Lung

(M l) □  Other:

(Ml ) Q  Pleura 
(Ml ) D  Skin /Subcutaneous Tissue 
(Ml ) Q  Eye/Orbit

Summary o f Stage Groupings

□  Stage I : D Stage I I :

□  Stage I I I :

□  Stage IV:

T1. NO, MO 

T2. NO, MO 

T3, NO. MO
T1 or T2 or T3, N1, MO

T4, NO, N l, MO 
Any T. N2, N3, MO
Any T, any N, Ml

C lin ic a l C la ss ifica tio n  Simrnary 

T N_________  M ______

Stage (I-IV) Signature Date



APPENDIX H

Atomic number 
Atomic weight (g/mole) 
Orbital occupancy 
Melting point (°C) 
Boiling point (°C) 
Density (g/ml) 
Abbreviation

MOLECULAR INFORMATION

Nickel Copper Zinc
28 29 30
58.71 63.54 65.37
3d8 4s2 . 3d10 4s 3d10 4s2
1453 1083 419.5
2730 2595 906
8.9 8.96 7.14
Ni Cu Zn
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