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PREEYAPORN VITHEESAMRANTHAM : PREVALENCE OF HYPOPITUITARISM IN
NASOPHARYNGEAL CARCINOMA PATIENTS AFTER CRANIAL RADIOTHERAPY.
ADVISOR : ASST. PROF.THITI SNABBOON, M.D., CO-ADVISOR : ASSOC. PROF.

KANCHANA SHOTELERSUK, M.D. 82 pp.

Background: Radiation-induced hypopituitarism is a complication leading to increased morbidity and
mortality.

Objective: To study the prevalence and risk factors of hypopituitarism in nasopharyngeal carcinoma
patients who received radiotherapy.

Subjects and Methods: Blood measured for cortisol, ACTH, FSH, LH, estrogen, testosterone, FT4,

TSH and IGF-I in nasopharyngeal carcinoma patients. And analysis for the association of risk factors.

Results: 121 nasopharyngeal carcinoma patients were included in this study. Age range 27-80 years
old, 82 were males and 39 were females. 24 patients (20%) had hypopituitarism. The frequency of secondary
hypogonadism, secondary hypothyroidism, hyperprolactinemia, GH deficiency and secondary adrenal
insufficiency was 21 (17.4%), 5 (4.1%), 5 (4.1%), 1 (0.8%) and 1 (0.8%) patients, respectively. 10 patients had
more than one pituitary hormone deficiency. 62 patients had abnormal TSH and 26 patients had borderline
adrenal function. Median survival time to hypopituitarism was 48 months. Female gender was associated with

hypopituitarism.

Conclusions: Prevalence of hypopituitarism in nasopharyngeal carcinoma patients was 20%. The
most common pituitary hormone deficiency was secondary hypogonadism. Female gender was associated with
hypopituitarism. Our data support regular measurement of pituitary hormonal function to ensure timely

diagnosis and early hormone replacement.
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1.4  NSOUMMINNNAAINMSIVY (Conceptual framework)

Nasopharyngeal carcinoma

Radiotherapy

® Fraction size

Risk factors \ 4

® Total Dose

>| Hypopituitarism |&

® Age
AN ® Time interval after
® Gender
radiation
® Staging

® Comorbidity

gland

® Radiation dose at pituitary

Increase morbidity and mortality

1.5  Yennaailoifu (Assumption)



- 32AU morning cortisol > 10 pg/dl N19D4 adrenal function UnA ©198991AMIANY
VD3 Lee tlazAe [3]
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- Borderline adrenal function Y1804 izﬂuaaﬂmuag‘lummmwﬂﬂummimz‘q% REY
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f11 morning cortisol YNNI TDNIND 3 LUAUDENIT 10 pg/dl
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- Abnormal TSH unefieszsy TSH mnnndnsedoeniimadsmiumsifiszay FT4
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- Undetermine hormonal function ¥nefetszannsiids lamsosezyldfinng
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3.1 GH deficiency ﬁﬂi%ﬂﬂ IGF-I mﬂ’nmﬂﬂ@“lumq INALAZITDBINASINY  [4] Tag

davealnaninmadanu luaulne [5]

91g (1)) IGF-I (ng/ml)
NGEAL INANDYS
21-30 186.31 + 117.12 182.94 + 131.64
31-40 146.64 + 94.48 157.11 + 106.54
41-50 129.94 + 82.26 129.16 + 108.84
51-60 111.13 +73.92 109.41 + 81.60
> 61 86.52 + 59.82 80.56 + 50.48

3.2 Secondary adrenal insufficiency ADTLAL morning cortisol <3 pg/dl



3.3 Secondary hypothyroidism ADILAL FT4 Nennalnd (A1UnA FT40.8-1.8 ng/dl)
$iUTEAY TSH Hesnnalnanenselnanseunnnalndua 16fu 10 wUml [6], (A
1n@ TSH 0.3-4.1 pU/ml)

3.4 Primary hypothyroidism A95¢AU FT4 Né1n1A1Un@smnuseay TSH > 10 pU/ml

3.5 Secondary hypogonadism YEL) hypogonadotropic hypogonadism

- TudmoReIZAY testosterone < 10 nmol/L 52uAUTEAY LH Aenailnanso

Imnd (M@ 1-10.5 TU/L)

- Tudugatonounuaiszdufonunasza estradiol < 100 pmole/L5INAUTZAL
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FSH ennnanlnavisesgluailng (A1lna FSH 1.6-9.3 TU/L)

-ludugeiovualszsufounasean FSH W3e LH IA1d1n31 35 TU/L [7]
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3.6 Normal menstruation AoM3n1szduaoudnd laslianyuzaane 1t 8]
A A o A [
Frequency of menses AoN1/3zdAaUNN 24-38 U
. A 1 o A d' 1 1

Regularity of menses ABTZ8ZNAMAAzIOUT S uARMABUI a0y urIe +
2-20

Duration of flow AnszezaINNUsesuAoULAaZTOU 4.5-8 TU

Volume of monthly blood loss AndSunandea lutaazsen 5-80 &
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3.7 Abnormal menstruation ADN15N MW UNUNUDY normal menstruation AINA1ITVIIAY
3.8 Hyperprolactinemia ABTTAU prolactin nunnnming (fhﬂﬂa 3-25 ng/ml)
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H3NB1AW TNM staging [9] A9l

T classification

Tx Primary tumor cannot be assessed.

TO No evidence of primary tumor.

Tis Carcinoma in situ.

T1 Tumor confined to the nasopharynx, or tumor extends to oropharynx and/or nasal

cavity without parapharyngeal extension.

T2 Tumor with parapharyngeal extension.



T3

T4

N classification

Nx

NO

N1

N2

N3

N3a

N3b

M classification

Tumor involves bony structures of skull base and/or paranasal sinuses.
Tumor with intracranial extension and/or involvement of cranial nerves,

hypopharynx, orbit, or with extension to the infratemporal fossa/masticator space.

Regional lymph nodes cannot be assessed.

No regional lymph node metastasis.

Unilateral metastasis in cervical lymph node (s), <6 cm in greatest dimension,
above the supraclavicular fossa, and/or unilateral or bilateral, retropharyngeal lymph
nodes, < 6 cm in greatest dimension.

Bilateral metastasis in cervical lymph node (s), < 6 cm in greatest dimension, above
the supraclavicular fossa.

Metastasis in a lymph node (s), > 6 cm and/or to supraclavicular fossa.

> 6 cm in dimension.

Extension to the supraclavicular fossa.

MO No distance metastasis
M1 Distance metastasis
Staging T N M
Classification Classification Classification
0 Tis NO MO
I T1 NO MO
I T1 N1 MO
T2 NO MO
T2 N1 MO
111 T1 N2 MO
T2 N2 MO
T3 NO MO
T3 N1 MO
T3 N2 MO
IVA T4 NO MO
T4 N1 MO
T4 N2 MO




IVB Any T N3 MO

IvC Any T Any N M1
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QUAIMAVOIATYE (traumatic brain injury) ﬂnzmaﬂaaﬂiu%uimawauuﬁum (aneurysmal
subarachnoid hemorrhage) Tspviaentdanauod (ischemic stroke) MINIAATNDI (neurosurgery)
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vaelalUsaniaazaenldaes (hypothalamic-pituitary dysfunction) [10]
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Neoplastic

® Tumor : pituitary adenoma, pituitary carcinoma, craniopharyngioma, pituicytoma, fibroma,
glioma, meningioma, paraganglioma, teratoma, chordoma, angioma, sarcoma,
ependymoma, germinoma, ganglioneuroma, astrocytoma

® (Cysts : rathke’s cleft cyst, arachnoid cyst, epidermoid cyst, dermoid cyst

® Metastatic : breast cancer, lung cancer, colon cancer, prostate cancer

Treatment of sellar, parasellar and hypothalamic disease

® Surgery
® Radiotherapy

® Radiosurgery




Infiltrative disease

® Autoimmune : lymphocytic hypophysitis
® Granulomatous : sarcoidosis, langerhans cell histiocytosis, giant cell granuloma,
granulomatous hypophysitis, xanthomatous hypophysitis, wegener’s granulomatosis

® Hemochromatosis

Vascular disorders

Pituitary tumor apoplexy
® Sheehan’s syndrome
® [ntrasellar carotid artery aneurysm

® Subarachnoid hemorrhage

Genetic disorders

® (Combined pituitary hormone deficiencies

® [solated pituitary hormone deficiencies

Developmental

® Midline cerebral and cranial malformations
® Pituitary hypoplasia or aplasia

® Ectopic pituitary

Traumatic : head injury, perinatal trauma

Infection : bacterial, viral, fungal, tuberculosis, syphilis

® Abscess
® Meningitis
® Hypophysitis

® Encephalitis

Medications

® (Opiates, glucocorticoid therapy, megestrol acetate, suppressive thyroxine treatment,

dopamine, sex steroid treatment, GnRH agonists

Others

® (besity, anorexia nervosa

®  Chronic illness




®  Empty sellar

® [diopathic
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Clinical features

Corticotropin deficiency

Acute: fatigue, weakness, dizziness, nausea, vomiting, hypotension, hypoglycemia




Chronic: tiredness, pallor, anorexia, weight loss, hypoglycemia

Children: failure to thrive, hypoglycemia

Thyrotropin defi ciency
Tiredness, cold intolerance, constipation, weight gain, hair loss, dry skin, bradycardia,

hoarseness, slow mental processes

Gonadotropin deficiency

Children: delayed puberty

Women: amenorrhea, oligomenorrhea, infertility, loss of libido, dyspareunia (short-term);
osteoporosis, premature atherosclerosis (long-term)

Men: loss of libido, impaired sexual function, decreased muscle and bone mass,

erythropoiesis and hair growth

Growth hormone deficiency
Children: growth retardation
Adults: decreased muscle mass and strength, increased visceral fat mass, fatigue,

premature atherosclerosis, decreased quality of life

Hyperprolactinemia

Galactorrhea

ANLNNNANINLAZOATIAY (Morbidity and mortality)

@ 1

= =< - . . J 9 dy 1 14
UNMIANYINILUL prospective LAY retrospective AoUHINHIUIUIINIZNTBIT05 Tuu

' 9 A o A a o aa VoW Y A s 2 1A
allf’]ﬂ@ﬂﬂal@ﬁllﬂﬁ LWN@@'IT]@1EJLN?JWIfJ‘iJﬂ‘]Jﬂu‘lIﬂ@]‘W@Tq&TI’]ﬂu GlUW‘]J'JEJV]llﬂTJgu NWUIN

Y

A

. . . = = 4 a
standardized mortality ratio (SMR) e 1.2-2.29) [14] LasuQu MIAVDL1TATZUDUNINUAY
. (% = . A
11019 (respiratory)  15aalatazviaonaon (cardiovascular)  uazlsaraoaaondued
1 ) 3 o o A
(cerebrovascular events) mnmmum"lﬂ N13VIA growth hormone nJummcﬂm WUDINITINY
o Y 1 dy 1 Y 14 s . . A
oy ludienquil daumslnaes lnudmnosoadyaiys (glucocorticoid replacement) NN
a & A4 9 A o [ 1 < o = ~ A A a
AUAANAIZNANANNAIBMTBUNY 1ABE1 15 NAmNdInIamsAnyITzazeINguaITeiing

U o 1
mﬂmmm’;wﬁmaaﬂuummmﬂﬁ’ﬁum



{ { U 4 1
M135197 3 1aaq standardized mortality ratio (SMR) Tugniin1zniossos luuvesnonldauos

Study N Populations Standardized mortality ratio
(SMR)
Bates, 1996 [15] 172 Pituitary tumor, 1.73, p<0.01

extrapituitary tumor “riiljﬂ 2.29,p<0.01

o e
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%18 1.50, p < 0.01

Tomlinson Lo 1014 57% pituitary tumor | 1.87, p <0.0001
Az, 2001 [14] AND 2.29
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¥ 1.57, p 0.002
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AN 4 HAAINIUIUEDT LNUNAALNANY standardized mortality ratio (SMR) [14]

Number of endocrine Number of deaths National SMR Heterogeneity test
axes deficient (99% CI)
1 36 0f 229 2.38 (1.55 - 3.66)
2 50 of 223 1.78 (1.24 - 2.56)
3 68 of 345 1.73 (1.27 - 2.37)
4 27 of 166 2.63 (1.60 - 4.32)
5 2 of 23 7.00 (1.13 - 43.39) P=0.84%

*Test for trend.




Radiation-induced hypopituitarism
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Epidemiology and Pathophysiology of Radiation-induced hypopituitarism
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Condition treated Radiation schedule Hypothalamic pituitary axis dysfunction
Leukemia and Fractionated total brain Isolated GHD (mostly in pubertal children)
lymphoma irradiation

(700-1600 cGy)

Leukemia and Fractionated prophylactic | Isolated GHD (< 30% of children only)
Lymphoma cranial irradiation Pubertal GH insufficiency
(1800-2400 cGy) Compensated GHD in adults*

Increased spontaneous cortisol secretion**

Precocious puberty (girls only)

Non-pituitary brain Conventional fractionated | GHD (30-100%), Compensated GHD in adults*
tumors cranial irradiation Precocious puberty (both sexes)

(3000-5000 cGy) Gonadotropin deficiency (> 20% long-term)
TSH deficiency (3-9% long-term)

Subtle abnormalities in TSH secretion (30%)
ACTH deficiency (3% long-term)

Increased spontaneous cortisol secretion**

Hyperprolactinemia (5-20%, mostly in women)***

Nasopharyngeal Conventional fractionated | GHD (almost all patients after 5 years)

carcinoma and cranial irradiation Gonadotropin deficiency (20-50% long-term)




skull-base tumors (5000-7000 cGy) TSH deficiency (< 60% long-term)
ACTH deficiency (27-35% long-term)

Hyperprolactinemia (20-50%, mostly in women)***

Pituitary tumors Conventional fractionated | GHD (almost all patients after 5 years)
cranial irradiation Gonadotropin deficiency (< 60% after 10 years)
(3000-5000 cGy) TSH deficiency (< 30% after 10 years)

ACTH deficiency (< 60% after 10 years)

Hyperprolactinemia (20-50%, mostly in women)***

*Compensated GHD refers to subnormal stimulated, but normal spontaneous, GH secretion.
** Increased spontaneous cortisol secretion and levels in the context of a normal response to the ITT.
*** Hyperprolactinemia is often subclinical and rarely seen in children; it diminishes and can normalize with

time as a consequence of slowly evolving, radiation-induced damage to the pituitary lactotrophs.

Growth hormone deficiency (GHD)
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NANWAIUADNA (Clinical effects)
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Gonadotropin deficiency
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A1519% 6 Signs and symptoms of hypogonadism [1]

Female Male
1. Reduced libido 1. Reduced libido
2. Breast atrophy 2. Erectile dysfunction
3. Loss of body hair 3. Breast tenderness
4. Amenorrhea 4. Loss of body hair
5. Infertility 5. Shrinking testes
6. Low bone mineral density 6. Infertility/ low or zero sperm counts
7. Increased visceral body fat 7. Low bone mineral density
8. Hot flushes 8. Increased visceral body fat
9. Depress mood 9. Hot flushes




10. Decrease ability for working 10. Depress mood
11. Decrease ability for working

12. Decrease muscle strenge

ACTH deficiency
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ACTH stimulation test
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TSH deficiency (secondary/central hypothyroidism)
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Hyperprolactinemia
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15199 7 Endocrine testing for pituitary function [10]

Pituitary hormonal axis Criteria for hormone deficiency

Corticotropic function

Morning cortisol <3 pg/dl (100 nmol/L): hypocortisolism
>18 pg/dl (500 nmol/L): hypocortisolism excluded

Morning ACTH Below upper reference range: secondary adrenal




insufficiency
Insulin tolerance test Cortisol < 18 ug/dl (500 nmol/L)

250 ug ACTH test Cortisol < 18 ug/dl (500 nmol/L) after 30 min

Thyrotropic function

Free thyroxine Low

TSH Low or normal (occasionally slightly raised)

Gonadotropic function

Women
Premenopausal Oligoamenorrhoea, estradiol < 100 pmol/L,
LH and FSH inappropriately low
Postmenopausal LH and FSH inappropriately low
Men Testosterone low (<10 nmol/L),

LH and FSH inappropriately low

Somatotropic function

IGF-1 Below or in the normal reference range

Insulin tolerance test Children: growth hormone < 10 pg/L

Transition phase: growth hormone <5 pg/L

Adults: growth hormone <3 pg/L

GHRH+arginine test Underweight or normal weight (BMI < 25), < 11.5 pg/L
Overweight (BMI > 25 to < 30), < 8.0 ug/L

Obese (BMI > 30), < 4.2 pg/L

GHRH-+GHRP-6 test Growth hormone < 10 pg/L

Nasopharyngeal carcinoma and hypopituitarism
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IGF-1 (3% CLIA)

- 8 AM cortisol (35 CLIA)

- ACTH (35 CLIA)

- TSH (3% 4th generation ECMA)

- FT4 (3% ECLIA)

- LH (3% ECLIA)

- FSH (3% ECLIA)

- Estradiol (35 ECLIA)

- Testosterone (3% ECLIA)

- Prolactin 3AA2873F 2-site fluoroimmunometric assay Lﬂd'al’t]ﬁ Delfia U5H% Perkin
Elmer Life and Analytical Sciences Yszmeluaua
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1.1 Foyaiugiuna 11 (m13190 8)

1 3}; 1 a Y a o
UszannsNaneliongaua 27-80 3 Mew1e 82 AL INANDA 39 AU TAgANQITIUI 21

b4
a %

a g 1 [ o o v A
au  (Aadudosay 54 vouduaanwnue)  egludenuailszsuaou  TsndszdidannuiSe

g

amdwunnun lidesns anuaulatiags ludugs wivnu Tsavasaaoeaialavaz Isa

o

vaoaaeaaned Uszynglums@nuiin1iseg1u body mass index 21.6 kg/m” (14.8-36.7) 1az

=

Sovay 67.8 woszang ifidsziaguym
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1.2 UpyanegINy clinical features (13NN 9)
° H — 1 [ a I
U523 70 AUAT  clinical features 081908 1 ngu Aallusesaz 60 Vo9
Y
Uszmns lumsAnenaue uazduan 27 au ($eeaz 22) Tu1NN12 NEUDINT AILEAAS
= A Y a Alaa o A Aa Aa = o A 2 =
518@3&@8@11&@151\1 HASUHTYN 1 AUDY 40 ﬂﬂuﬂigﬁnm@i‘lWﬂﬂﬂ@ ("lunﬂizmmaumumm
= 1 I .
1917151281311 nasopharyngeal carcinoma)
9 ~ [ . o A
1.3 UBYaINYINU nasopharyngeal carcinoma LATNTINYI (A1319N 10)
Yo ana [ 3: 1 = 1 ]
mqmmz”lmummmaﬂ nasopharyngeal carcinoma #NU§1 25-77 1l ﬂﬁz%ﬂ’iﬁ?lﬂﬁﬂg
At 1uIu 89 AU (Sewas 73.6) ﬁﬁ]fﬂu stage I Y04 nasopharyngeal carcinoma WL11329103 90
au Govaz74) 1a5umssnulaesadsnusuny lainithia aaudn 31 au Geevaz 26) 145y
$9@saw10619Aen Nlszanssiuiu 108 au Gesay 89.2)nlasulSuasdnlslumssnm

(planning target volume, PTV) @dttel 7000 cGy U 11, 1lszannssmau 109 au Gosaz 90.1) 7

Y Ed Y
TIUIUATIVOINITNIYTIT (number of fractions) 1NN 30 AT Tag 60 AUNIYTIT 33 ATIAY



= v A g’/ = v A J g’/ . d' Yo U A
o0 49 AUMESId 35 159, USuwS duAazAs (fraction dose) Niszangldasuaiulvgae
200 18 212 cGy FIUNUINYTEWINT 51 1T 56 AUANEIAY
= o Aa 9 1 =) o A A A Yo )
lszminssiau 4o aunlidoyaludivvesSnussdnaounnonis 1asuTagll
Y A A o Aa oy oA 4
ANBOTIUAD 4462 oGy (210-7595) wazlisiuau 32 aunlideyalSunassdnaonlssooa
Yo Al w A o 9y Yo
1850 Taelinnisegiune 5341 cGy (21-5946) Uszrnisiuiu 84 au (Feoaz 69)lasumsnie
$9@aemAtA IMRT (Intensity modulated radiotherapy), 91434 37 Ay (Foeay 31) lasumsnie
Y
$9FANANA VMAT (volumetric modulated arc therapy) HOAIINNIZHLIANAININAIBTIA
= Y 1 a v d‘ =
ATVIUDUTITINMNTIVBNAY 1.94 + 0.8 1

A v 9 dy @
ATTNN 8 meaﬂymzﬂmy’awumuﬂﬂﬂ

a9

Baseline characteristic Numbers Median
n=121,(%) (range)
Age (y) 50 (27-80)
Gender
Male 82 (68)
Female 39 (32)
Menopause 21 (54)
Premenopause 18 (46)
BMI (kg/m’) 21.6 (14.8-36.7)
Smoking 2(1.6)
Used to smoke 37 (30.6)
Non smoking 82 (67.8)
Underlying disease
Hypertension 23 (19)
Dyslipidemia 12 (10)
Diabetes mellitus 10 (8.3)
Coronary heart disease 7 (5.8)
Cerebrovascular disease 5(4)




A1319N 9 Lzﬁmsﬁ’@gmﬁmﬁu clinical features

Signs and symptoms Numbers (%)
(at time of hormone evaluation) n=121
Fatique, weight loss, anorexia, dizziness 39 (32)
Cold intolerance, constipation, hair loss, dry skin 35(29)
Loss of libido, impaired sexual function 24 (20)
Abnormal menstruation (female, n=39) 1(2.6)

M13799 10 aaetoyaneIN nasopharyngeal carcinoma 1HAZMTSNY

Characteristic and treatment Numbers Median
(%) (range)
Age at diagnosis 49 (25-77)
Nasopharyngeal staging
Stage 1 9(7.4)
Stage 11 89 (73.6)
Stage III 19 (15.7)
Stage IV 4(3.3)
Radiation technique
Volumetric modulated arc therapy (VMAT) 37 (31)
Intensity modulated radiotherapy (IMRT) 84 (69)
Radiation dose at thyroid gland (cGy), n = 32 5341 (21-5946)
Radiation dose at pituitary gland (cGy), n =40 4462 (210-7595)
Time interval after radiation to evaluate hormone, 1.94+0.8
mean (y)
<2 83 (68.6)
>2 38 (31.4)
Planning target volume (cGy)
<7000 13 (10.7)
> 7000 108 (89.2)

Number of fractions




28 12 (9.9)
33 60 (49.6)
35 49 (40.5)

Fraction size (cGy)

200 51(42.1)

212 56 (46.3)

250 14 (11.6)
Treatment

Radiotherapy with chemotherapy (cisplatin+5FU) 90 (74)

Radiotherapy alone 31 (26)

d
2. AzNIessnsluuvesnanlAanes (hypopituitarism)

9
aw ' ° Y a g
Han3IveNNTszmnI NN 24 aunndsznnanavua 121 au Aatluiesas
= ' 9y o 9 o 4
19.8 Uanzaeulaauesiinuies Tagilserinadiuag 34 aunnllszanninivua 121 Ay
J a ' J a
(ovaz 28.1) Hges luunnwiaoy lunasilng

H 9
M1 NN 11 4893 hormonal status VoIUTTHINTNINUA

Hormonal status Patients (%)
n=121
1 o 1 Y . .
AIENT09805 lunueInou AT (hypopituitarism) 24 (19.8)
Non-hypopituitarism 97 (80.2)
Normal pituitarism 34
Primary hypothyroidism alone 1
Undetermine hormonal function* 62

* Undetermine hormonal function ‘Hiﬂﬂﬁﬂ 15 8%1ﬂiﬁﬂ§jﬂ’cjmlm abnormal TSH 42 AU
TR
11a1% borderline adrenal function 9 AU Hazdn1l aulalung abnormal TSH t18% borderline adrenal
. 2 o ' Y o o I '
function ¥983 liensnszy Idnmsihnuvesees Tuwiluednls
1 A T 4 ] Y = gl/ ] S I
ﬂijiJ‘lJi%‘]ﬂﬂiﬂiJﬂTJZ‘Wi@\‘iEI’E)'H'INH"IJGQGI’E)NGI,G]ETN?N 24 AU NDIEYANLLA 32-77 ‘]J LTJHLW‘FT

v Y
16 8 AU LAZINANQN 16 Y wundulvguesdszannsiiogawus 50 PyuldTaslisuan
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15 aussaaiudesas 62.5, Usznssmiu 18 au (Fewaz 75) 319N nasopharyngeal
. = = Ao Y] v oA = A aa o
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stage [ eIUDN 22 ﬂullﬂiﬁﬁiﬂy"li?]ilﬂ‘umlm"mﬂ (cisplatin, 5-FU) UNAUAVDINITRIYLLAIN

Yo 1A ° AY Yo o Y a . . .

1@sununidszannssuau 18 auilasumssnualemaiia intensity modulated radiotherapy

(IMRT) uaz 6 aulasumssauialemaiin volumetric modulated arc therapy (VMAT) U@
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152910591171 18 AU (%}@ﬂﬁg 75) ﬁﬁﬁﬂgl’laﬂ’iaq%'lﬂulf’?ljﬁﬂi\‘]%iﬂy'muﬁﬁﬂ1i"lnﬂaﬂﬁiuu

g’/ 3 o 9 Yo (% Y o .
aaa 2 Yvuly, dszmnsswau 20 au Gowaz 83) 1a5umssnualetsuased (planning

Y Y v
target volume, PTV) Aatie 7000 cGy Y1 1, t1az1)5nsnn1esaa@s11Iu (number of fractions)
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28 59 2 AU, MIBTIT 33 ATIN 9 AULAZRIBTIT 35 AT9N 13 AN davisernnsiniessdunay

A o

A5 (fraction dose) A8/3110! 200 ¢Gy U9UIU 14 AU, 212 cGy § 9 AU 1AL 250 ¢Gy U 1 AU
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abnormal TSH 4a£3142U 15 AUN borderline adrenal function



A o ) A 1 4 1 Y
ATWN 12 meaﬂymmagammﬂizmﬂimmazwa‘ma@ﬂuumamau%ﬁum, n=24

Sex | Age | Staging Time Dose at Radiation Type of pituitary hormone deficiency
(y) interval pituitary technique
after n=6
radiation fo (cGy) IMRT | VMAT | GH | Gonado | Cortisol | TSH | PRL
evaluate tropin
hormone
2

1 M 56 2 2 6434 - * - def - abnT -
2 F 77 2 1 4397 - * - def B abnT | def

3 F 55 2 1 NA . * - def B - def
4 M 69 2 2 NA & - - def B - -

5 F 40 2 3 NA * - - - B - def

6 M 51 2 1 6664 - * - def - abnT -

7 F 44 3 3 NA X - - def def def -

8 M 50 2 3 NA K\ - - def B - -

9 M 71 3 3 T225 * - - def - - -
10 F 38 4 3 5212 X - - def B abnT -
11| M 64 3 2 NA = * - def B - def
12| M 43 2 1 NA e - - def B def -
13 F 32 2 3 NA & 1 - def - abnT -
14 F 46 2 1 1491 - -y - def - abnT -
I5| M 46 1 3 NA * - - def B - -
16 F 43 2 3 NA * - - def B - -
17 F 69 2 3 NA * - - - B def -
18 F 56 1 2 NA * - def def B abnT -
19 F 46 2 3 NA * - - - B def def
20 F 55 2 2 NA * - - def - abnT -
21 F 55 2 2 NA * - - def - - -
22 F 61 2 1 NA * - - def - - -
23 F 51 2 3 NA * - - def B abnT -
24 F 56 2 3 NA * - - def - - -

@ J a B v A a a A o
NUWINY def Ao szAVEns lnurstianuliszauralnaautouimrua

A A @ J " 1
abnT ABNTZALFDT INuod luNgu abnormal TSH




B 0 borderline adrenal function
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a 4 a 4 d'a a o d‘d 1 4
'Jlﬂﬁ'lgﬁllﬂﬂﬁ'lﬂclfu@sllﬂﬁE’J’(’)ﬁjllu‘ﬂNﬂ‘]_lﬂﬁ’l]']ﬂﬂ']u'luﬂﬁzsb"lﬂiﬂﬂﬂ']'Jg‘Wi'ﬂ\?aﬂﬁjllu
1 1 14 { ) a a o w
yospouldaues 24 au nwuees luuiisuinlszmnsinlndaizosdinuinuinliifesde
I A
secondary  hypogonadism 21 au laowwase 8 AUUDSINAN LY 13 AU, secondary
I a I

hypothyroidism 5 Al whuwerane 2 AULASINANYN 3 AU, hyperprolactinemia 5 awtluwese 1
ﬂuuazmﬁw@q 4 AU, GH deficiency 1 AU (L‘Wﬁ‘lriﬂjﬂ) 140¢ secondary adrenal insufficiency 1 A

a ' o 14 1 a A { a
(!Wﬁﬂmu\i) WTJ'J'ITJ?%“I)"Iﬂﬁﬂ'IH'Ju 14 AW 910 24 ﬂuflfni"lﬂﬂ8@31%1&"“@\1@]@%W1ﬂ@1’]'ﬁ 1 ¥UA
U o a ~ A J A & g a A} aa o
aIU9 ﬂumﬂa@ﬂuu 2 ¥UA LAz 1 ﬂu‘ﬂﬂﬂﬂﬁ’l'ﬂiillu 3 %u@%uﬂumﬂmmm 44 ‘ﬂ IUINY
[ o A = Y J A
nasopharyngeal stage III Ll,a%ﬁﬁfﬂgl’lﬁﬁ"iaﬂ‘l)'lﬂﬂ']ﬂﬁQﬁ‘ﬂ”ﬂ\iﬂ?ﬁﬁi?zﬂﬁgﬂﬂa@ﬁiiﬂﬂl 3 '1.]1]

4 { a o L

go3 luundnanail secondary adrenal insufficiency, secondary hypothyroidism lli& secondary

hypogonadism

A ' J 1 a J
MINN 13 uammmwmmmazwamaaﬂmummmﬂﬁ'ﬁmﬂﬂmmﬂﬁm%uﬂ a@ﬂam

Pituitary hormone Patients (%)

n=121

Hypopituitarism 24 (19.8)

Secondary hypogonadism 21 (17.4)
Secondary hypothyroidism 5(4.1)
Hyperprolactinemia 5(4.1)
Growth hormone deficiency 1(0.8)
Secondary adrenal insufficiency 1(0.8)




d' = 4 ] 9 ] a g’;
AN 14 1aa9s1eazRenas luuvensulaaueaunazstialulszmnInaviue

Pituitary hormone Thyroid axis Adrenal Gonadal GH Prolactin
status axis axis axis axis
Deficiency 5 1 21 1 5
Normal 51 94 100 120 116
Undetermined 62 26 - - -

(abnormal TSH) | (borderline adrenal

function)

Total 118* 121 121 121 121

*llliiﬂnélﬂjﬂ primary hypothyroidism U 3 AU

Thy+PRL(2)

Thy (1)
ACTH+GnT+Thy

(1)
GH+GNT (1)

GnT = secondary hypogonadism

Thy = secondary hypothyroidism

PRL = hyperprolactinemia

ACTH = secondary adrenal insufficiency

GH = growth hormone deficiency

UHUQIN 1 uaaeuIulsznnssunangUiuuved hormone dysfunction




a a d a
2.2 anurailnfgesiuuunazyiia

2.2.1 Thyroid function

Yizanninanua 121 AUUANITEI UV TSH 4.5 mIU/ml (range 0.005-100) LAz A1 158
31UU83 FT4 1.17 ng/dl (range 0.327-2.00)

Ysznssiuin 8 au ((euaz 6.6) 1AL hypothyroidism lasuiuily  secondary
hypothyroidism 314U 5 AULAZ primary hypothyroidism 311U 3 AU @IUDNIIUIU 51 AU
(Govaz 42.1) Uszaulssesrans Tuund (euthyroidism) 1azl3z1ATIuIN 62 AN (Feuaz
51.2) i abnormal TSH Ha5iA 11758911484 TSH 6.64 mIU/ml (range 0.005-33.46) 1azaiiseg1u
Y09 FT4 1.12 ng/dl (range 0.8-1.73) #351)5241n551190 43 AudiA1 TSH < 10 mIU/ml uaz 19
AUNAT TSH > 10 mIU/ml

AT IudIuveesea Y FT4 tag TSH Tuilszanns 8 auiieglun1ag hypothyroidism

'
' o

v Y '
nuNszay TSH lifilasnliadin31a11na@ (normal reference range) HonanHUsznnsarauh

[

~ A 9 Y v . . g < =
6-8 aanuaad 13 lua1s1ad 16 191 18nun19¢ primary hypothyroidism Iaeaiilumevajannau

AN 15 uaasnuINveslszmnnsuenau thyroid function

Thyroid function Numbers (%)
n=121
Euthyroidism 51(42.1)
Hypothyroidism 8 (6.6)
Primary hypothyroidism* 3
Secondary hypothyroididm 5
Abnormal TSH** 62 (51.2)
Abnormal TSH alone 42
Abnormal TSH with other hormone abnormal*** 20
Total 121 (100)

*2 AUNNE secondary hypogonadism

3 AUTIA1 TSH AN reference range



**% 9 ﬂuagjﬁluﬂ@'n hormone deficiency, 11 ﬂuﬂfjﬁluﬂ’cju borderline adrenal function

A1599 16 LaAIA U9 FT4, TSH 111529105 hypothyroidism

Hypothyroidism FT4 TSH
(n=28) (0.8-1.8 ng/dl) (0.3-4.1 mIU/ml)
1 0.622 3.650
2 0.646 7.140
3 0.737 6.680
4 0.772 8.230
5 0.462 3.960
6 0.692 43.66*
7 0.327 100*
8 0.402 100*

]
S A

~ A [ [ a @ N Yo o 1A
Nﬂi%ﬂﬂﬂ‘i“ﬂ’dnJTiﬂ’JﬂiZﬂ‘]J’]J‘iiﬂmiﬂﬁﬂ@@ull‘ﬁiﬂﬂﬂulﬂiU%TLl’Ju 32 AU WUIY
o A I { .. ) < 1
WU 15 AU ANau euthyroidism  4agd149u 17 AWIY abnormal  TSH  Tae'liny
v v 1 J A v & ' S
ANUTUNUTITZHINAURATYTUIUSTITUDING 2 nau p-value 491 0.40

~ [ ~ o A d o . .
A1TNWN 17 L!ﬁﬂ\?ﬂ“ﬂaﬂﬂ%uWﬂ!iﬂﬁﬂ@ﬂuqﬁiﬂ8ﬂfﬂnluﬂ§nll thyroid function, n=32

Thyroid function Number (%) Mean radiation dose
n=32 at thyroid gland (cGy)
Euthyroidism 15 (47) 5120 + 511
Abnormal TSH 17 (53) 4790 + 1431

2.2.2  Gonadal function

UszNININUA 121 AU IWATIY 82 AUUANTIFIUUBI LH  6.04 TU/L (range 1.67-
20.68), FSH 5.41 IU/L (range 0.1-24.3) Lla$ﬁ1ﬁﬁﬂ§1umﬂd testosterone 17.89 nmol/L (range
1.35-35.1) @UNANDYY 39 AUNAINTYFIUUDY LH 23.53 TU/L (range 0.1-106.9), FSH 21.38
TU/L (range 0.13-87.58) uazﬂ'wﬁﬁﬂgmmm estradiol 18.5 pmol/L (range 18.35-533)

WUUNME secondary hypogonadism 30 hypogonadotropic hypogonadism 91171 21AY
a I 9 o A 9 = g’/ I a
Anlusosaz 17.4 veewaulsemnsniimsanenarua laadumase 8 AUUASINANTN

' dyd d[ = = o A a a
13 AU Gl,mqmuu postmenopausal 8 AU premenopause 5 auaa lifilasidseduaounalng



ﬂizmﬂﬁmﬁﬁﬂjﬂ 1 AUBIY 40 )31 abnormal menstruation i 143012 hypopituitarism Y
3¥AU FSH 37.8 IU/L, LH 65.7 IU/L t4a% estradiol 157.90 pmol/L

M519N 18 taasd Il sEINTHENA Y gonadal function

Gonadal function Number (%)
n=121
Normal function 100 (82.6)
Secondary hypogonadism 21(17.4)

2.2.3 Corticotropin axis

Uszannsnava 121 AUNMNTIFIUUBY cortisol 13.1 pg/dl (range 1-28.1) LA
A58 UV ACTH 25.6 pg/ml (range 10-422)

wuNilszans 1 Aufin12g secondary adrenal insufficiency Huindeey 44 I3 afile
LREY secondary hypothyroidism (l@1¥ seconadary gonadonadism $IURY é)ﬂﬂﬂ‘i 1851@%‘1 UNT
391998 nasopharyngeal stage 111 1@3U59A5nEIA8MALA IMRT 528201189910 AEIATY
WDIMIVNIAF03 I 3 V52U cortisol 1.0 pg/dl, ACTH 15.1 pg/ml, 332510 591UIU 94 AU
‘ﬁﬁ corticotropin function Un@ nagiszannsdiuau 26 ﬂuﬁ’ﬂiﬂuﬂﬁju borderline adrenal
function Iﬂﬂﬁmﬁ‘ﬁﬂgWH cortisol 8.55 pg/dl ( range 5.7-9.8), u,athﬂ’ﬁﬂgm ACTH 20.85 pg/ml

(range 10-51.8)

A1519% 19 LaasuINYsENT NI secondary adrenal insufficiency

Corticotropin function Number (%)
n=121
Normal function 94 (77.7)
Secondary adrenal insufficiency 1(0.8)
Borderline adrenal function 26 (21.5)
Alone 9
With other hormone abnormal 17*

*6 ﬂuagﬂuﬂ’cju hypopituitarism , 11 ﬂuﬂﬁﬂuﬂ’q'll abnormal TSH



2.2.4 Growth hormone axis
U2 INIMUA 121 AULANI5EI1UV0S IGF-T 150 ng/ml (range 25-356) Uszw1ns

o = Y ] 1 a tﬂ‘d = % = ¢:;
UIU 120 AUNTEAD IGF-I ’E]QiuﬂﬂfiﬂﬂWU’E)\iﬂ‘l!ul‘ﬂﬂﬂ/]ll@?qtlaglwmﬂﬂ’)ﬂu Hlszwng 1 aun

Y A

. ! g . . L g aa o
Uane growth hormone deficiency 534N1 gonadotropin deficiency FaluAviaeeiy 56 Yt

U ) q

nasopharyngeal stage I 185U59@5ny1domaiia IMRT 520202 1Ma491n5AEIATUIUDINSVIA

IS [

J = 1 a = o
805 lwu 2 7 52U IGF1 25 ng/ml (Alndavesau Inelueguazina@ernu 28-191)

A15199 20 LaAITIUINYTE3INTNI growth hormone deficiency

Growth hormone Number (%)
n=121
Normal function 120 (99.2)
Growth hormone deficiency 1(0.8)

3.5 Prolactin

Uszannsnava 121 AUUANNTEIUVDY prolactin 7.24 ng/ml (range 1.68-67.6) Wl
1529107 5 AUTINIZ hyperprolactinemia (HNFT Y 1 AU A 4 AU Tag'lifi las i
galactorrhea wanntseSAnazasndene

A1519% 21 1A uINYsenINUAIE hyperprolactinemia

Prolactin Number (%)
n=121
Normal function 116 (96)
Hyperprolactinemia 5(4)

v o d d (Y] (Y]
3. ANNENHUTURINIZNI09TR5 MUV IneN]AaNa INUTdEA1N

v
L R=

adeininndnu1dun 1g, 1w, clinical features, USuassdnaonldauos (radiation
. . [ Yo A v a 1 4 [ 9
dose at pituitary), 528210119 1A39FTAHIVUNANIZ NI 09805 lunvesney ldaues, stage of
nasopharyngeal carcinoma, 113 ba3veUATI AT INAUMIRIBT I T Az MATiANT R8T

(technique of radiotherapy)



o v 1 a 1 4 1 @ '
NUANUAUNUTICUINNITINANIISNI D aaﬂuumamaﬂﬁ'ﬁum TG GIRREY

v

WedAwy Iag p-value < 0.001

! o v J J (Y [ U o J
A1519% 22 uammmamwuﬁszmwmmaﬂymzmmﬂiwmiﬂumazwamaaﬂuummmﬂﬁ’

qUDY
Hormonal status
Characteristic p-value
Non Hypopituitarism NIZNTON
(n=97) 993 TUUYD4
aouldaues
(n=24)
Age (y)
<50 48 (49.48) 9 (37.50) 0.292
>50 49 (50.52) 15 (62.50)
Gender
Female 23 (23.71) 16 (66.67) <0.001*
Male 74 (76.29) 8(33.33)
BMI (mean, SD) 21.78 £ 3.36 22.69 +5.34 0.310

Clinical features

yes 56 (57.73) 14 (58.33) 0.833

no 41 (42.27) 10 (41.67)
Nasopharyngeal staging

Stage | 8 (8.25) 1(4.17) 0.875

Stage 1II 70 (72.16) 19 (79.17)

Stage III 16 (16.49) 3(12.50)

Stage 1V 3(3.09) 1(4.17)

Radiation technique
VMAT 32 (32.99) 5(20.83) 0.247
IMRT 65 (67.01) 19 (79.17)

Number of fractions




28 10 (10.31) 2(8.33 0.312
33 51 (52.58) 9 (37.50)
35 36 (37.11) 13 (54.17)

Fraction size (cGy)

200 37(38.14) 14 (58.33) 0.191
212 47 (48.45) 9 (37.50)
250 13 (13.40) 1(4.17)

Time interval after radiation to evaluate hormone (y)
<2 39 (40.21) 6 (25.00) 0.168
>2 58 (59.79) 18 (75.00)

Radiation with chemotherapy
yes 69 (71.13) 21 (87.50) 0.100
No 28 (28.87) 3(12.50)

Planning target volume (cGy)
<7000 8 (8.25) 5(20.83) 0.132
> 7000 89 (91.75) 19 (79.17)

Radiation dose at pituitary gland

(cGy)
<5000 20 (55.56) 2(33.33) 0.400
> 5000 16 (44.44) 4 (66.67)
*p < 0.05

o

{ a 4 v A o J v 1 4 1
A15199 23 WATIZN logistic regression YDITITBNUANUTUWUTAUN1IZNTDI0T INUVDIADN

T@erung
Factor Odds ratio 95% CI p-value
Gender
Female 6.43 2.44,16.95 <0.001*
Male 1

*p <0.05



[ @

{ a s o A 7w ' s
A1519% 24 AATIEH multiple logistic regression VOIUIINTUNUTAVNIENIDI8DT 1UUVDY

aouldaues
Factor Odds Ratio 95% CI p-value
Gender
Female 7.00 2.53,19.42 <0.001*
Male 1
*p <0.05

a o ' a
VNNAMITIATIZHNUNTZZIA TUMSIIA hypopituitarism ( median survival time) Ao
A Aa A d' a v 4 1 9
48 :95% CI (47 , 52) IADU LLﬁ%LWﬁﬂﬂlu\‘liJI@ﬂWﬁ‘Vl%glﬂﬂﬂTJgWi?N8@513JU"’U@\1@@3J1@@13J@\1 ()

AIUNAFIE 7 (2.53, 19.42) 111

Kaplan-Meier survival estimate
1.00

0.754
0.50

0.254

0.00

T T T T
0 12 24 36 48 60
Months

A a 4
LLN‘L!QJJ‘I?] 2 UaadNITAUNTIEH median survival time
A a 4 1 a 1 4 [ Y
WenszenwAND NIzeznm Iumsnan1gnieeens lnuvosonldaues
( median survival time) Tmaanefio 4 11 95% CI (3.9, -) waz TunquinaAvg Ao 3.9 95% CI

(3.4,-)



Kaplan-Meier survival estimates

1.00

0.75-

0.50+

0.25-

0.004 ‘ : : : : ‘

0 12 24 ol 36 48 60
————— male female
Lmugﬁﬁ 3 HEAAIAI AT median survival time LENINA
A15199 25 nFeuieuaisegIuvedseauens luy
Hormone Hormonal status p-value
Non Hypopituitarism NNZNTOI
(n=97) 903 luuveIAoN
Tdauns
(n=24)

FT4 (ng/dl) 1.19 (0.40, 2) 1.06 (0.32, 1.73) 0.006
TSH (mIU/ml) 4.48 (0.009, 100) 4.645 (0.005, 100) 0.876
ACTH ( ng/ml) 26.4 (10, 422) 23.9 (10, 101) 0.073
Cortisol (mcg/dl) 13.2(5.7,27.4) 12.5(1,28.1) 0.666
LH (IU/L) 6.85(1.47, 106.9) 5.70 (0.1, 43.46) 0.253
FSH (IU/L) 6.34 (0.1, 87.58) 5.80(0.13, 63.56) 0.961
IGF-I (ng/ml) 161 (37.8,356) 111.5(25,272) <0.001*
PRL (ng/ml) 6.56 (1.68, 22.5) 11 (3.21, 67.6) 0.001*

*p < 0.05
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A1519% 26 memmamwu‘ﬁiwmﬂmaﬂummmﬂiwmsmmwwamaaﬂuum@m@mﬁlﬁ'

[38'GN
Characteristic Hormonal status p-value
Normal AMZNTDY Undetermined
(n=34) 803 luUUDIMDY (n=63)
IELRTER
(n=24)
Age (y)
<50 13 (38.24) 9(37.50) 35(55.56) 0.152
> 50 21 (61.76) 15 (62.50) 28 (44.44)
Gender
Female 8(23.53) 16 (66.67) 15(23.81) <0.001*
Male 26 (76.47) 8(33.33) 48 (76.19)
Abnormal Clinical features
yes 11(34.38) 6 (31.58) 16 (30.77) 0.942
no 21 (65.63) 13 (68.42) 36 (69.23)
IGF-I in upper half of age and sex-matched reference range
yes 29 (85.29) 12 (50.00) 46 (73.02) 0.013*
no 5(14.71) 12 (50.00) 17 (26.98)
Radiation technique
VMAT 12 (35.29) 5(20.83) 20 (31.75) 0.479
IMRT 22 (64.71) 19 (79.17) 43 (68.25)
Time interval after radiation to evaluate hormone (y)
<2 14 (41.18) 6 (25.00) 25(39.68) 0.382
>2 20 (58.82) 18 (75.00) 38(60.32)
Radiation with chemotherapy
yes 24 (70.59) 21 (87.50) 45 (71.43) 0.258
no 10 (29.41) 3 (12.50) 18 (28.57)

Radiation dose at pituitary gland(Gy)




<5000 6 (46.15) 2(33.33) 14 (60.87) 0.419
> 5000 7 (53.85) 4 (66.67) 9(39.13)
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First author, Prevalence pituitary insufficiency per axis (%)
year Any GH HPA TSH LH/FSH PRL
Bhandare, 2008 60 36 32 38 27 15
Lam, 1991 75 55 25 15 35 30
Woo, 1988 82 90 18 45 55 27
Samaan, 1987 75 75 18 20 35/20 36
Lam, 1987 25 19 6 13 16 19
Lam, 1986 100 50 50 50 25 88
Huang, 1979 82 NR NR NR 82/64 100
Rosenthal, 1976 67 100 50 67 NR NR
Samaan, 1975 100 60 50 40 30 50
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