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‘ ABSTRACT ’ Background: External beam radiation therapy (EBRT) is commonly used in the management of head and neck squamous

cell carcinoma (HNSCC) and affects the thyroid gland. We conducted this study to evaluate the spectrum of early thyroid

dysfunction following EBRT.

Methods: We included 40 patients (any age, HNSCC requiring EBRT) in this prospective, observational study. All patients underwent thyroid
function tests before and after EBRT at serial intervals of 1, 3 and 6 months. Descriptive statistics were used for presenting the data.

Results: The study population (37M, 3F) had a mean age of 57 + 3.3 yrs. The mean TSH level fell initially and rose again at 3 and 6 months (mean
TSH was 1.55, 1.34, 1.71 and 2.4 mU/L at 0, 1, 3 and 6 months respectively). Free thyroid hormones did not change significantly during the
observation period. Four patients had low TSH at 1 month, which persisted in only one patient during the follow up at 6 months. Two patients
developed hypothyroidism and none of the patients were symptomatic for thyroid dysfunction.

Conclusion: Transient thyroid alterations have been observed in patients after EBRT and the disease often remains silent. Frequent assessment
for thyroid dysfunction should be done in patients undergoing EBRT for HNSCC.
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INTRODUCTION:

Head and neck cancers are a significant problem in India and constitute
approximately one-third of all cancers. "' The commonest site of
malignancy is oral cavity and other sites include larynx, hypopharynx,
oropharynx and nasopharynx. ® The treatment of head and neck
squamous cell carcinoma (HNSCC) often involves radiotherapy (RT),
either in the adjuvant setting or as the definitive treatment modality.
The RT fields include the site of the primary disease as well as the
cervical lymph nodes. Thyroid gland invariably receives incidental
radiation, by virtue of its location in the neck and manifests a variety of
radiation toxicities. Primary hypothyroidism is the commonest
complication due to the therapeutic external beam radiation therapy
(EBRT). It is produced after therapeutic doses ranging from 30-70Gy.
¥ Post RT thyrotoxicosis has also been described and occurs more
acutely than hypothyroidism. ¥ Thyrotoxicosis is due to the release of
the preformed hormones into circulation leading to a transient
suppression of Thyroid Stimulating Hormone (TSH) due to negative
feedback mechanisms.

The symptoms of thyroid dysfunction are nonspecific and are often
masked due to the underlying cancer and general debility. The patients
with HNSCC have symptoms like weight loss, palpitations, poor oral
intake and easy fatigability. The clinical features are compounded in
patients receiving concurrent chemotherapy. Due to the general poor
intake and toxicities of treatment the performance status of most
patients worsens near the end of EBRT. Thyroid dysfunction is often
overlooked in such a scenario during the management of such patients.
Previous studies have focused on the long-term thyroid changes after
EBRT rather than the actual short-term fluctuations. Hence, we
conducted this study to observe the changes in the thyroid functions in
patients undergoing EBRT for HNSCC.

MATERIALSAND METHODS:

Study population: We conducted this prospective, observational
study in a tertiary level, armed forces teaching hospital. We included
all patients with HNSCC reporting to our department for the EBRT
between October 2017 and September 2018. We included patients with
localized or locally advanced HNSCC receiving at least 60 Gy of RT to

the face and neck, either as definitive treatment and as adjuvant
treatment, with or without chemotherapy. We excluded patients with
known goitre or thyroid disorder, past history of radioiodine therapy,
received neck radiation for any other reasons earlier and use of thyroid
hormone preparation in the past. The institutional ethics committee
approved the study protocol and all the patients provided informed
written consent for the participation in this study.

Study measures: A detailed clinical history was taken to include the
demographic details, family history of thyroid disorders and
symptoms to suggest thyroid dysfunction. Examination was
conducted with special focus on the head and neck area for delineating
the radiation field. The presence or absence of the goitre was assessed
by an endocrinologist as per the World Health Organization (WHO)
grading. A fasting serum sample was taken from all the participants
prior to the EBRT for the estimation of the thyroid panel including
thyroid stimulating hormone (TSH), free triiodothyronine (FT3), free
thyroxine (FT4) and thyroid peroxidase (TPO) antibody.

All patients received EBRT to face and neck region with a dose ranging
from 60Gy to 70Gy @ 200cGy per fraction over 6-8 weeks. The
planning was done using a 2-D technique and as a general rule, patients
received five fractions of RT in a week with a gap of two days between
two consecutive weeks. Spine sparing was done as per the institutional
protocol and involved nodes were treated with electron boost by Linear
Accelerator up-to 70 Gy. Patients advised for concurrent
chemotherapy were given Injection Cisplatin in either weekly
(40mg/m’ dose for 6 weeks) or tri-weekly (100 mg/m’ for two doses)
regimes. The thyroid hormone panel (FT3 — Free Tri-iodothyronine,
FT4 — Free Thyroxine and TSH — Thyroid stimulating hormone) was
repeated at 1, 3 and 6 months after initiation of EBRT. Thyroid
hormones were estimated using the electro-chemiluminescence
technique and the intra/ inter-assay variation in our laboratory was less
than 6% for all the tests.

Study definitions: Hypothyroidism was diagnosed in the presence of
low FT3 and FT4 with either raised TSH (primary) or normal / low
TSH (Central). Thyrotoxicosis was diagnosed with elevated FT3 and
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FT4 with suppressed TSH. Goitre was evaluated using the WHO
definition. TPO positivity was indicated by the antibody titre >16
IU/mL

Statistical analysis: Descriptive statistics like mean + standard
deviation, frequency and percentages were used for presenting the
study data. Follow up data were analyzed using the repeated measures
ANOVA test and p-value of less than 0.05 was considered significant in
all the tests.

RESULTS:

The study participants (37 males and three females) had a mean age of
57 (3.3) yr and mean duration of disease symptoms for two (3.2)
months. The two common sites of HNSCC were oropharynx (16 out
0f40) and oral cavity (11 out 0f40). Other sites of involvement include
the hypopharynx (six) and supraglottis (three). Majority of the patients
(30 / 40) received definite RT, whereas the remaining ten received
adjuvant RT. A total of 26 patients received concurrent chemotherapy
of either regime along with RT. TPO antibody was positive in six out of
40 patients at the baseline. The thyroid hormone profile at baseline and
serially is given in table 1. Briefly, the TSH level reduced at 1 month
and increased thereafter within the normal range as shown in figure 1.
The pattern of TSH change was same in all patients irrespective of the
use of chemotherapy as shown in figure 2. The observed changes in the
free thyroid hormones was not significant during the course after
EBRT. Four patients had suppressed TSH at 1 month, which returned
to normal in 3 patients at the end of 6 months observation. Hence, only
one patient was considered to have radiation thyroiditis with
thyrotoxicosis. Two patients developed hypothyroidism, the first
patient being at the first month itself. The pattern of thyroid hormone
alteration was similar irrespective of the age, gender and underlying
thyroid autoimmunity (Data not shown).

Table 1. Thyroid hormone changes in the study participants

Parameter |Baseline |[1"month [3"month (6" month |p-value
Free T3 2.87 2.92 3.37 2.99 0.5130
067 (059  |325  |0.62)

Free T4 1.30 1.37 1.23 1.35 0.6224
024)  [(022)  [03)  |048)

TSH 1.55 1.38 3.81 2.4 0.3092
04 |12y a3 |12

*Mean (SD)
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Figure 1: Mean TSH of all the patients
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Figure 2. Mean TSH in patients with and without concurrent
chemotherapy

DISCUSSION:

In this prospective, observational study albeit for a limited duration,
we have shown that the thyroid hormones fluctuate in a narrow range
after EBRT. The most significant abnormality was the suppression of
the TSH in the 1" month with no significant changes in the levels of the
free thyroid hormones. In our study, only a few patients with abnormal
TSH level showed corresponding change in the FT3 and FT4 levels.
The FT3 and FT4 levels changed only after a marked change in the

TSH level. Therefore, the FT3 and FT4 levels was less sensitive than
TSH for both kinds of thyroid abnormality.

Hypothyroidism was seen in two out of 40 patients, thereby giving a
prevalence rate of 5%. Previous studies have shown that post RT
hypothyroidism was seen in 20% to 30% of patients. '’ One of the
patients developed hypothyroidism as early as at the end of 1 month
and the other patient developed after 3 months. Studies done earlier
have also shown mildly raised TSH by 6 months but rise by 4 weeks
was unexpectedly early. "*'*Post RT thyrotoxicosis persisting up to 6
months was seen in only one patient. Thyroiditis after RT is generally
self-limiting within 3 —4 months and persists rarely beyond 6 months.
Post RT thyroiditis was seen in four out of 40 patients giving a
prevalence rate of 10%. These results were similar to other studies
done on the subject. """

Our data showed a high prevalence of males over females (11:1). The
overall male: female ratio of HNSCC in Indian urban and rural
population is 2:1 and 5:1 respectively. "” The male preponderance in
our study could be attributed by the fact that, our hospital being the
tertiary care referral centre for the armed forces attract a higher
percentage of male patients. Few studies have shown that female
gender is a risk factor for development of post RT hypothyroidism. ***"

However, we are unable to compare the same due to small proportion
of females in our study population. Our data showed that the observed
variation in the thyroid function was irrespective of the use of
chemotherapeutic agent (Cisplatin). The two different regimes of
chemotherapy and the small number of events preclude us to make any
meaningful observation about the same.

The presence of thyroid autoimmunity predisposes the person to
thyroid dysfunction. TPO positivity increases the risk of developing
hypothyroidism in comparison to the general population. In our study,
the antibody positivity did not show any significant effect on the
thyroid function. This could be explained by the altered immunity in
the HNSCC patients, modulation of the autoimmunity by the RT and
also the limited follow up duration. Z Lin et al ' had done a
longitudinal study on the correlations of thyroid antibody and thyroid
hormone levels after radiotherapy in patients with nasopharyngeal
carcinoma. The anti-TPO and anti-TG of the hypo group were higher
than the normal group. But this correlation was made at 18 months post
RT, which is much later than the final thyroid hormone profile in our
study. The strengths of our study include the prospective design and
exclusion of the confounding factors that could affect the thyroid
hormone changes. The limitations of our study are small sample size,
short follow up duration and the data being from the single center may
not be applicable for other general population.

To conclude, our study suggests that TSH change is the most common
thyroid hormone alteration in the acute phase after the EBRT.
Permanent thyroid dysfunction was observed in a minority of patients
and most of them are asymptomatic for thyroid disease. Further long-
term studies with a greater number of patients are required to confirm
the findings observed in our study.

REFERENCES

1. Shah SB, Sharma S, D'Cruz AK. Head and neck oncology: The Indian scenario. South
AsianJ Cancer2016;5:104-5.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA CancerJ Clin 2018;68:394-24.

3. Hancock SL, McDougall IR, Constine LS. Thyroid abnormalities after therapeutic
external radiation. Int J Radiat Oncol Biol Phys 1995;31:1165-70.

4. Hancock SL, Cox RS, McDougall IR. Thyroid Diseases after Treatment of Hodgkin's
Disease. N Engl JMed 1991;325:599-05.

5. Nishiyama K, Kozuka T, Higashihara T, Miyauchi K, Okagawa K. Acute radiation
thyroiditis. Int J Radiat Oncol Biol Phys 1996;36:1221-4.

6. Posner MR, Erwin TJ, Fabian RL, Weichselbaum RR, Miller D, Morris CM, et al.
Incidence of hypothyroidism following multi-modality treatment for advanced
squamous cell carcinoma of the head and neck. Laryngoscope 1984;94:451-4.

7. Sinard RJ, Tobin EJ, Mazzaferri EL, Hodgson SE, Young DC, Kunz AL, et al.
Hypothyroidism after treatment for nonthyroid head and neck cancer. Arch Otolaryngol
Head Neck Surg 2000;126:652-7.

8. Turner SL, Tiver KW, Boyages SC. Thyroid dysfunction following radiotherapy for
head and neck cancer. Int J Radiat Oncol Biol Phys 1994;31:279-83.

9. Vrabec DP, Heffron TJ. Hypothyroidism following treatment for head and neck cancer.
Ann Otol Rhinol Laryngol 1981;90:449-53

10.  Bethge W, Guggenberger D, Bamberg M, Kanz L, Bokemeyer C. Thyroid toxicity of
treatment for Hodgkin’s disease. Ann Hematol 2000;79:114-8.

11. Kumpulainen EJ, Hirvikoski PP, Viraniemi JA, Johansson RT, Simonen PM, Terdvi MT,
et al. Hypothyroidism after radiotherapy for laryngeal cancer. Radiother Oncol
2000;57:97-01.

12.  Liao Z, Ha CS, Vlachaki MT, Hagemeister F, Cabanillas F, Hess M, et al. Mantle
irradiation alone for pathologic stage I and I Hodgkin’s disease: long-term follow-up

I INDIAN JOURNAL OF APPLIED RESEARCH | 5




Volume - 10 | Issue - 6 | June - 2020 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

20.

21.

22.

and patterns of failure. IntJ Radiat Oncol Biol Phys 2001;50:971-7.

Shafer RB, Nuttall FQ, Pollack K, Kuisk H. Thyroid function after radiation and surgery
for head and neck cancer. Arch Int Med 1975;135:843-6.

Smolarz K, Malke G, Voth E, Scheidhauer K, Eckel HE, Jungehiilsing M, et al.
Hypothyroidism after therapy for larynx and pharynx carcinoma. Thyroid
2000;10:425-9.

Alkan S, Baylancicek S, Cift¢ic M, Sozen E, Dadas B. Thyroid dysfunction after
combined therapy for laryngeal cancer. Otolaryngol Head Neck Surg 2008;139:787-91.
Lin Z, Wu VW, Lin J, Feng H, Chen L. Longitudinal study on the radiation-induced
thyroid gland changes after EBRT of NPC. Thyroid 2011;21:19-23.

Nishiyama K, Tanaka E, Tarui Y, Miyauchi K, Okagawa K. A prospective analysis of
subacute thyroid dysfunction after neck irradiation. Int J Radiat Oncol Biol Phys
1996;34:439-44.

Bakhshandeh M, Hashemi B, Mahdavi SR, Nikoofar A, Edraki HR, Kazemnejad A.
Evaluation of thyroid disorders during head and neck radiotherapy by using functional
analysis and ultrasonography. Int J Radiat Oncol Biol Phys 2012;83:198-203.

Francis CJK. Trends in incidence of head and neck cancers in India. Ann Oncol
2016;27:93-102.

Alterio D, Jereczek-Fossa BA, Franchi B, D'Onofrio A, Piazzi V, Rondi E, et al. Thyroid
disorders in patients treated with radiotherapy for head-and-neck cancer. Int J Radiat
Oncol Biol Phys 2007;67:144-50.

Siala W, Mnejja W, Abid M, Ghorbel A, Frikha M, Daoud J. Thyroid toxicity after
radiotherapy of nasopharyngeal carcinoma. Ann Endocrinol (Paris) 2011;72:19-23.

Lin Z, Chen L, Fang Y, Cai A, Zhang T, Wu VW. Correlations of thyroid antibody and
thyroid hormone levels after radiotherapy in patients with nasopharyngeal carcinoma.
Head Neck 2014;36:171-5.

6 J| INDIAN JOURNAL OF APPLIED RESEARCH [




