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Pilot Sudy Using Technetium-99m Pertechnetate Sequential Radionuclide-
Sialography to Assess Salivary Gland Function in Nasopharyngeal Cancer Patients
on Radiation Therapy
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Abstract

Introduction: Nasopharyngeal carcinoma (NPC) is mainly treated by radiation therapy. A common complication of radiotherapy is
xerostomia. Direct measurements of the amount of saliva produced using suction cups and volumetric assessments are cumbersome and
time-consuming. Sequential radionuclide sialography isa reproducible and convenient method of measuring salivary function. Materialsand
Methods: Patientswith newly diagnosed NPC underwent a pil ot study using technetium-99m pertechnetate sequential radionuclide sialography
to assess their salivary function before and at 3 months post radiation therapy. From the sialography, time activity curves were obtained for
analysisof salivary function. The shape of thetime activity curve with citric acid stimulation was classified into 4 types according to the degree
of radiation-induced dysfunction. Results: All 14 patientshad worse (P <0.005) timeactivity curvesfor both parotidsand submandibular glands
after radiation therapy. All patients with abnormal curves before radiation therapy presented type 1V (non-functioning) curve after radiation
therapy. A ratio of pre- and post-stimulation counts allowed for quantification of the degree of stimulatory response. We found a significant
decreasein Rcbeforeand after radiation therapyfor all salivary glands (P <0.001). Thesalivary gland to background ratio, which isareflection
of thedegree of salivary gland functional uptake, also had a significant reduction after radiation. Conclusion: It isfeasibleto use technetium-
99m pertechnetate in the measurement of salivary gland function in nasopharyngeal cancer patients treated with radiation therapy.
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Introduction patients are, therefore, more susceptible to xerostomia.
Nasopharyngeal carcinoma (NPC) is an epithelial Attemptsto aleviate this situation have included artificial

malignancy occurring worldwide with particularly high ~ Saliva preparation, lemon drops and mouth gargles, but
frequencies in the Far East. The incidence is highest in ~ nonehaveproven effectiveor widely accepted by patients.
Hong Kong followed by Singaporean Chinese. NPC s There have been reports on the reduction of xerostomia
treated mainly by radiation therapy.! A common using pllocarplne._z'4 Thls_chollnerglt_:agonlst|scla$n_‘|ed
complication of radiotherapy in head and neck cancers, ~ @sasidogogueasitcan stimulatesalivary gland secretion.
including nasopharyngeal cancer, is xerostomia. This is Other potential effectsmcl qdeunnaryfrgquency,_broncho—
becausethe sdlivary glands, oftenincluded intheradiation ~ SPaSm, hypotension, cardiac arrhythmia and increased
fields, are sensitive to radiation damage. The reductionin ~ lacrimation and perspiration.

salivation then leads to problems such as oral cavity Inevaluatingtheseverity of xerostomia, asimple, reliable
infection, dental caries and poor intake of food. Such and reproducible method of measuring salivary gland
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functionisrequired. Direct measurements of theamount of
saliva produced using suction cups and volumetric
assessments are often cumbersome and time-consuming,
requiring samples to be collected over severa hours.>® A
more reproducible and convenient method of salivary
function measurement is sequential radionuclide
sialography, using technetium-99m pertechnetate.”® Inthis
technique, the radioactive tracer is injected intravenously
into the patient and, subsequently, the technetium-99m
pertechnetate is excreted in the saliva. By measuring the
amount of radioactivity over aperiod of timein the major
sdlivary glands, that is, the parotid and submandibular
glands, thefunctional capacity of thegland can beeval uated.
Similarly, by measuring the amount of tracer in the oral
cavity, therateof excretion of salivaintotheoral cavity can
bedetermined. Pre- and post-radiotherapy assessmentscan
be further used to evaluate the progression of xerostomia,
thereby offering guide to therapy.

The aims of this pilot study were twofold. First, it
assessed the feasibility of using technetium-99m
pertechnetateto measure salivary gland functioninagroup
of nasopharyngeal cancer patients treated with radiation
therapy. Second, it aims to ascertain the magnitude of
change in salivary gland function before and after radical
radiotherapy for NPC.

Materials and Methods

Newly diagnosed early and late stage nasopharyngeal
cancer patients were assessed for salivary gland function,
immediately beforeand 3 monthsafter radical radiotherapy
to the head and neck. These patients were selected during
consultation clinics after the diagnosis was made. Only
patientswho met the eligibility criteriawererecruited into
the study. Theeligibility criteriawere: 1) aged between 20
and 60yearsold; 2) previously untreated and histol ogically
proven undifferentiated NPC; 3) Eastern Cooperative
Oncology Group (ECOG) performance status of O or 1,
4) no past history of salivary gland surgery or abnormality;
5) not planned for chemotherapy; 6) no other previously
diagnosed cancer; 7) no previous radiation therapy to the
head and neck region; and 8) informed consent.

At each assessment, the patient received an intravenous
dose of 5 mCi of technetium-99m pertechnetate. The
parotid and submandibular regions were scanned with a
gamma camera in an anteroposterior position, with the
patient lying supine. We used a dual detector gamma
camera, ADAC (Philips, Milpitas, California, USA), with
theenergy window set at 140 + 20keV, whichistheenergy
window for technetium-99m. Imageswereobtainedin a64
X 64 matrix at aframerateof 1 minuteper frame. Sequential
dynamic images were obtained every 3 to 5 minutes (Fig.
1). After 30 minutes, 0.5 mL of 10% solution of citric acid
was syringed onto the anterior dorsal surface of thetongue

tostimulatethe salivary gland, using asmall tube placedin
the patient’s mouth. The patient’s head was not moved
during the procedure to ensure accurate recording by the
gamma camera.

Regions of interest were placed over the parotids,
submandibular glandsand oral cavity. Theactivity detected
in the regions of interest was measured and plotted for 30
minutes. This time activity curve represents the total
functional viability of the gland. The general shape of the
curve was then classified according to post-stimulation
response patterns.

To measure the degree of stimulatory response (Rc), a
ratio was obtained from the time activity curve asfollows:

Rc=ab (a>h) or b/a(a<b),

where a is the pre-stimulation counts per minute (cpm)
before acid stimulation and b is the post-stimulation cpm
measured at the time of maximum response.

A correction was done for the background activity by
subtracting the counts over asimilar areaof the brain from
the counts of the salivary gland under investigation. The
maximum peak activity (Cmax) was obtained from the
initial 30 minutes of the time activity curve by calculating
the maximum counts averaged per unit area (64 x 64
matrix) of the salivary gland. This was corrected for the
background (B) count to obtain the activity score over this
period. This activity score, represented by the (salivary)
S/B ratio, is calculated by the formula (Cmax - B)/B. This
ratio indicates the radionuclide uptake capacity of the
salivary gland. Hence, it is a reflection of the degree of
salivary gland function.

Theamount of salivary secretioninto theoral cavity was
determined by 5 minutes radioactivity counts pre- and
post-stimulation with citric acid. Before the stimulation,
the patient was asked to swallow first, and then hold
whatever salivain the mouth, for the next 5 minutes. The
gamma camera was then moved to alateral skull position
and radio-opague markers placed to indicate the radiation
fields on the skin. Thus, the volume of parotid gland and
submandibular gland in the radiation field (Fig. 2) was
ascertained. A percentage of irradiated and unirradiated
salivary gland was calculated by determining the area of
salivary gland within and beyond the radiation fields. The
patients’ intended treatment for NPC was at no time
affected by thisstudy. Thefield of radiation that the patient
received was determined by the stage of the NPC.

McNemar test was used to determine the activity curves
before and after radiation therapy.® The average Rc pre-
and post-radiationand SBratioweretested using Wilcoxon
signed-rank test.® The 95% confidence intervals (Cl) for
the differences in the means were cal cul ated.
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Fig. 1. Sequential dynamicimagesobtainedafter injectionof ~ dlandswithradio-opaquemarkers(arrow) placedtoindicate
5mCi of technetium-99mpertechnetateintheanter oposterior radiation fields on the skin.
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Type Il curves. (Mild to moderate impairment) Moderate fall in counts or prolonged fall.
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Type lll curve. (Severe impairment) Minimal change in counts.
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Type IV curve. (Non-functioning gland) No change in counts with stimulation.

Fig. 3. Classification of the types of the time activity curves regarding salivary response patterns under citric acid stimulation.
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Results
Patients

Tenearly and 10l ate stage NPC patientswho werenewly
diagnosed were recruited for the study. A total of 20
patients with NPC were assessed before radiotherapy for
salivary function between 1998 and 2001. However, 1
patient died, 1 waslater placed on chemoradiation therapy
trial, 1 developed metastasis and 3 patients refused post-
radiation therapy scan. Hence, a total of 14 patients had
post-radiation therapy assessment 3 months after the
initiation of therapy. This report is based on these 14
patients.

Of the 14 patients, 1 had 80% of both parotidsirradiated,
2 had their submandibular glands spared and 1 had 50% of
both submandibular glands irradiated.

Classification of the Type of the Time-activity-curve

Thegeneral shapeof thetimeactivity curvewasclassified
according to post-stimul ation response patternsand further
classified according to changesin post-stimulation counts
(Figs. 3and4). Intypel curves, the post-stimulation counts
drop significantly as there is prompt tracer secretion into
theoral cavity. Thisindicatesnormal or minimally impaired
function. Typell curvesshow asmaller and moreprolonged
fall incountsthantypel curvesandreflect mildtomoderate
salivary gland dysfunction. Typelll curves show minimal
change after stimulation and indicate severe impairment.
TypelV curvesshow aplateau, that is, no responseto citric
acid stimulation. Types I, 1l and Il curves were sub-
classifiedinto|-2, 11-2 and I11-2 when anincreasein gland
activity wasdemonstrated after stimulation, but with delayed
flow or excretion of saliva(obstructive pattern). Thetype of
the stimulus-response pattern was classified from | to V.
AsshowninTablel, typel curveswere observed mostly in
the parotid and submandibular glands before radiation
therapy. Abnormal curves before radiation therapy could
be due to prior salivary gland disease, which was
asymptomatic or not detected. There was no normal curve
after radiation therapy and more than half of the patients
had type IV curves. All patients with abnormal curves
before radiation therapy showed type IV curves after
therapy. In testing the different pre- and post-radiation
therapy, types 11l and IV curves were grouped together.
Thiswasbecause the number of patients studied was small
and 6 patients did not have post-radiation scans due to
reasons mentioned earlier.

Thedistribution of typesof curvespre- and post-radiation
for early and late stage patientsis shown in Table Il. Four
early stage patients had normal salivary glands before
radiationtherapy. However, 3 monthsafter treatment, their
salivary glands showed mild to severe impairment and
some did not function. Of the 10 late stage patients, 8

TABLEI: CLASSIFICATION OF TIME ACTIVITY CURVES BEFORE
AND AFTER RADIATION THERAPY (RT) (n= 14)

Site Pre-RT Post-RT

Type Type Type Pvalue
Il 1 \Y,

Right parotid Typel (13) 2 3 8 0.003
Typell (1) 1

Left parotid Typel (12) 2 2 8 0.003
Typell (2) 2

Right submandibular Typel (12) 3 4 5 0.005
gland Typell (1) 1
Typelll (1) 1

Left submandibular Typel (12) 4 1 7 0.003
gland Typell (2 2

TABLEII: CLASSIFICATIONOFTIMEACTIVITY CURVESBEFORE
AND AFTERRADIATION THERAPY (RT)

Site Pre-RT Post-RT
Typell Typelll  TypelV
Early stage patients (n = 4)
Right parotid Typel (4) 1 1 2
Left parotid Typel (4) 1 1 2
Right submandibular Typel (4) 2 1 1
gland
Left submandibular Typel (4) 2 1 1
gland
Late stage patients (n = 10)
Right parotid Typel (9) 1 2 6
Typell () 1
Left parotid Typel (8) 1 1 6
Typell (2) 2
Right submandibular Typel (8) 1 3 4
gland Typell (2) 1
Typelll (1) 1
Left submandibular Typel (8) 2 6
gland Typell (2) 2

developed non-functioning salivary glands after radiation
therapy. Of the 40 salivary glands in these 10 patients,
72.5% had type 1V curve after radiation therapy.

The Simulatory Response Ratio (Rc)

The mean + standard deviation of Rc for the parotid and
submandibular glands before and after radiation therapy
areshownin Tablelll. The P valuesfor the change in Rc
beforeand after radiation therapy for all thesalivary glands
were <0.001 for the right parotid and both submandibul ar
glands, and 0.0008 for theleft parotid gland. Thisindicates
a significant decrease in the ability of salivary glands to
respond to acid stimulation post-radiation therapy.
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TABLEIII: MEAN + SD OF Rc AND S/B RATIO BEFORE AND AFTER RT (n = 14)

Site Pre-RT Post-RT 95% ClI P value
Mean + SD Mean + SD

Rc
Right parotid 2.28 + 0.60 115+ 0.15 (0.76, 1.49) 0.0006
L eft parotid 2.81+1.30 117+0.24 (0.82, 2.45) 0.0004
Right submandibular gland 1.76 + 0.44 1.09 + 0.08 (0.41, 0.94) 0.0001
Left submandibular gland 1.69 + 0.38 1.11+0.08 (0.34, 0.82) 0.0004

S/B ratio
Right parotid 0.59 + 0.24 0.40 + 0.28 (0.00, 0.39) 0.03
Left parotid 0.58 + 0.20 0.46 + 0.26 (0.06, 0.30) 0.15
Right submandibular gland 0.64 +0.18 0.37 + 0.34 (0.08, 0.46) 0.009
Left submandibular gland 059+ 0.24 0.35+ 0.30 (0.08, 0.40) 0.007

Cl: confidence interval; Rc: stimulatory response; RT: radiation therapy; S/B: salivary/background; SD: standard deviation

The 9B ratio

Table 111 shows the mean + SD of S/B ratio for the
parotidand submandibul ar glandsbeforeand after radiation
therapy. The S/B ratio showed a significant reduction after
radiation (P <0.03) for al salivary glands except the left
p a r 0 t i d
(P =0.15).

Activity in the Oral Cavity

Themean of thedifferencesbetweenthesalivary activity
within the oral cavity pre- and post-radiation is 8.4 x 10*
counts (before and after stimulation), with a confidence
interval of 1.3x 10%*and 15.5x 10* (P =0.002) (TablelV).
There was a rea difference in the amount of salivary
activity within the oral cavity after radiation therapy.

Discussion

Various methods to assess salivary gland function have
been reported. The most reliable, reproducible and safe
method is sequential radionuclide sialography using
technetium-99m pertechnetate.® In this pilot study, the
results obtained for assessing salivary gland function were
comparablewith other reports using the same method. The
time activity curves, obtained using technetium-99m
pertechnetate sialography, are useful for this purpose. The
use of other radionuclides, such as '3, is also feasible.”*°
However, such tracers have letha “b” emissions, which
cause radiation damage to the thyroid tissue and long half-
lives. These properties limit their use in clinical
investigations.

Theclassification of timeactivity curves, with respect to
stimulus-response patterns, is a simple and easy way to
estimate salivary function.” It gives an overall qualitative
assessment of salivary function. TheRcvalueand S/B ratio
derivedfromtimeactivity curvesenableamorequantitative
assessment of the salivary glands. The results from this
pilot study show that, besides comparing thechangeintype

July 2003, Vol. 32 No. 4

TABLEIV: MEAN OF SALIVARY ACTIVITY WITHIN THE ORAL
CAVITY 5 MINUTES BEFORE AND AFTER
STIMULATIONWITH CITRICACID

Variable Pre-RT Post-RT
Before stimulation 83018.41 83745.01
After stimulation 168792.82 85529.67
Difference before and after 85774.41 1784.65

stimulation

RT: radiation therapy

of curve due to radiation therapy, the values of Rc and &
B ratios can aso be included in the assessment of salivary
function.

The process of secretion of saliva is complicated and
involves neura regulation and stimulation, serous and
mucus production and the transportation of the salivainto
the oral cavity.!! Radiation therapy affects salivary glands
by damaging both the acinar cellsof the glandsand causing
fibrosis to the neural and vascular supply of the glands.
Fibrosis of the ductal cellsand surrounding tissue oedema
al so reducesthe transportation of salivafromthe glandsto
the oral cavity.'?

Thus, thetimeactivity curve givesagood estimate of the
entire process of salivary secretion. The presence of
obstructive type and non-functioning type curves post-
radiation indicates that radiation affects both ductal and
acinar cells. Our dataalso show that between the 2 types of
sdlivary glands, the parotid glands appear to be more
susceptible to radiation damage, which is in agreement
with morphological studieson radiation effectsin manand
animals.

The changes noted in the Rc values reflect radiation
injury to the neural cells responsible for gland stimulation
and vascular supply totheglands. Such achangemight also
be due to post-radiation fibrosis of ducta cells reducing
transportation of saliva. The S/B ratios, on the other hand,
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primarily reflect the degree of radiationinjury totheacinar
cells. The S/B ratios of all the glands were affected in our
study, except the left parotid. This could be dueto the fact
that the change in the left parotid was small and that the
power of the study with 14 subjects was inadequate.

Reduced salivain the buccal cavity is the end result of
post-radiation therapy changes noted in the time activity
curve, Rc values and S/B ratio. These collective changes
arereflected by salivary activity withintheoral cavity. Our
study has shown that radiation therapy would significantly
reduce the amount of total saliva secreted into the oral
cavity.

Wehavealso shown that theanalysisof salivary function
using sequential radionuclidesial ography withtechnetium-
99m pertechnetate could be further extended to patients
with NPC. These patients are highly likely to suffer from
xerostomia, as shown by the results of our study. The
usefulness of sequential radionuclide sialography with
technetium-99m pertechnetate extends beyond diagnosis
of the complication of xerostomiafrom radiation therapy;
it could enable evaluation of future potential treatments or
preventive methods and their efficacies.

However, we did use other means of measuring salivary
secretion, such as volumetric assessment using suction
cups, inthispilot study. Nor did we interview the patients
on their subjective functional status. Questions directed at
thepatients' intakeof food, whether they needed medication
or how oftenthey needed to drink to wet their mouths could
be asked, which would give a fairly general idea of the
severity of xerostomia.*®

Futurestudiesaimed at finding thecorrel ation of salivary
function between sequential radionuclidesial ography with
technetium-99m pertechnetateand volumetricor subjective
assessment, as well as specific drug(s) therapy for
xerostomia, should be performed using the same protocol
and methods employed in this pilot study.
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