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Abstract

Background: There are limited studies and no surveillance protocols on pituitary dysfunction for
adults who underwent anterior skull base radiation.

Methods: Cross-sectional study of 50 consecutive patients with sinonasal or nasopharyngeal
cancer who underwent definitive radiotherapy. The mean radiation doses, prevalence of pituitary
dysfunction, and associated factors were calculated.

Results: Pituitary hormone levels were abnormal in 23 (46%) patients, including 6 (12%) with
symptomatic abnormalities requiring treatment. The most common hormonal abnormality was
hyperprolactinemia (30%), central hypothyroidism (8%) and central hypogonadism (6%). Patients
with abnormal pituitary hormone values received higher mean radiation doses to the pituitary
gland (1143 cGy, P= 0.04), pituitary stalk (1129 cGy, A= 0.02), optic chiasm (1094 cGy, P=
0.01), and hypothalamus (900 cGy, A= 0.01).
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Conclusions: Nearly half of the patients had abnormal pituitary function, including over a tenth
requiring treatment. There may be a dose-dependent association between hormonal dysfunction
and radiation.
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1| INTRODUCTION

The treatment of patients with sinonasal and nasopharyngeal cancers is complex, requiring

a multimodality treatment approach. High-dose radiation is a necessary adjunct to achieving
locoregional control. The hypothalamic—pituitary (HP) axis is frequently included within the
radiation field. Radiation-induced pituitary dysfunction is common and recognized to have a
negative impact on quality of life as reported by cancer survivors.1:2 Most data on radiation-
induced HP axis dysfunction have been derived from childhood brain cancer survivors and
nasopharyngeal cancers from endemic areas in Southeast Asia. Current estimates of pituitary
dysfunction in adults after anterior skull base radiation range from 25% to 100%.2-°

The risk of radiation-related endocrine dysfunction for head and neck cancers has been
recognized in the National Comprehensive Cancer Network (NCCN) Guidelines.® This
includes a recommendation for thyroid-stimulating hormone testing every 6-12 months to
monitor for primary thyroid dysfunction in patients who have undergone radiation of the
neck. Likewise, there are recommendations for monitoring pituitary function in childhood
brain cancer survivors.’” However, there are currently no similar recommendations or
protocols for pituitary dysfunction or central endocrine disorders after sinonasal and
nasopharyngeal radiation. Further, the relationship between pituitary dysfunction and
radiation dose to the pituitary gland and adjacent structures, including the pituitary stalk,
optic chiasm, and hypothalamus, are not well understood for adults treated with high-risk
radiation therapy.

This study aims to evaluate pituitary dysfunction in a cross-section of patients who
previously underwent radiotherapy for sinonasal or nasopharyngeal cancer. We aimed

to determine the prevalence of pituitary dysfunction and explore potential associations
between HP axis dysfunction and radiotherapy dose to the pituitary gland, pituitary stalk,
optic chiasm, and hypothalamus. This study serves to support guideline development for
prospective endocrine screening after anterior skull base radiation and further investigation
of radiation dose relationships to reduce the risk of HP axis dysfunction.

2| MATERIALS AND METHODS

2.1| Population

Institutional review board approval was obtained with a waiver of informed consent to
retrospectively review the charts of 50 consecutive patients seen between April 2019
and April 2020 in the senior author’s clinic for routine surveillance after radiotherapy
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for sinonasal or nasopharyngeal malignancies. Demographic, disease, treatment data, and
endocrine laboratory values were collected.

Patients were included in the study if they had (i) a pathological diagnosis of a sinonasal

or nasopharyngeal cancer; (ii) undergone treatment with definitive or adjuvant radiotherapy
during adulthood (age =18 years); and (iii) no existing hormone replacement therapy before
endocrinology evaluation.

2.2 | Endocrine assessments

Blood samples for pituitary hormone laboratory tests were drawn at patients’ routine follow-
up visits per NCCN guidelines.® These included tests for insulin-like growth factor 1
(IGF-1), adrenocorticotropic hormone (ACTH), total cortisol, free thyroxine (FT4), total
triiodothyronine (T3), thyroid-stimulating hormone (TSH), follicle-stimulating hormone
(FSH), luteinizing hormone (LH), total testosterone for men and estradiol for women.

Patients with abnormal hormonal levels were evaluated by or had their cases discussed
with an endocrinologist. Therapeutic interventions were determined by the treating
endocrinologist based on patient symptom burden and severity of hormonal abnormality.
Primary (nonpituitary) hormonal dysfunction was defined as failure in an endocrine

gland itself (thyroid, gonads, adrenals), while secondary or central (pituitary) hormonal
dysfunction was defined as failure of normal HP axis function resulted in the lack of
stimulation of the target gland. For women older than 45 years with an elevated FSH, if

we were unable to attribute the cause of gonadal failure to chemotherapy or menopause, we
defaulted to menopause unrelated to treatment.

For the thyroid and male gonadal axes, participants with low or normal pituitary hormone
levels (TSH, FSH, and LH) and primary hormone levels (FT4 and testosterone) below
the reference range were categorized as having secondary or central hypothyroidism

and secondary or central hypogonadism, respectively. Patients with elevated pituitary
hormone levels (TSH, FSH, or LH) combined with low peripheral hormone levels

(FT4 or testosterone) were categorized as having primary hormonal dysfunction. For the
thyroid axis, primary thyroid dysfunction included overt (low FT4 and elevated TSH)
and subclinical (normal FT4 and elevated TSH) hypothyroidism. Secondary (pituitary/
hypothalamic) thyroid dysfunction was defined as low FT4 and normal or low TSH.

2.3| Dosimetric parameter assessments

Of the 50 patients, 9 received irradiation at other institutions, and their treatment plans

were not available for evaluation. The radiotherapy records of the remaining 41 patients
were imported into one treatment planning system (RayStation version 9A; RaySearch
Laboratories) to allow for standardized calculation of dosimetric parameters. Comprehensive
dosimetric evaluation, including volume, mean dose, maximum dose (Dnax) to 0.01 mL,
Dmax 10 0.1 mL, and Dqax to 0.5 mL to the pituitary gland, pituitary stalk, optic chiasm,

and hypothalamus, was performed. A template was created to automatically tabulate the
dosimetric parameters (volume, mean dose, Dmax t0 0.01 mL, Dnpax to 0.1 mL, and Dpax

to 0.5 mL) for the various organs at risk (hypothalamus, optic chiasm, pituitary, and stalk).
For patients with multiple treatment courses, including re-irradiation, a composite plan was
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generated by the following steps: rigid image registration, deformable image registration,
dose deformation of multiple CT image sets to the primary CT image set, dose summation
on the primary CT image set, and integrity check by verifying the summation of a structure’s
mean dose.

2.4 | Statistical analysis

Descriptive statistics for values and frequencies of study patients within the categories for
each of the dosimetric parameters were determined. Comparisons of dosimetric parameters
obtained from patients with or without abnormal pituitary hormone levels were done via
the Student #test. Univariable logistic regression was completed to evaluate for factors
associated with pituitary dysfunction. Patients with missing data were excluded from
individual analyses. Pvalues of <0.05 were considered statistically significant. Statistical
analyses were performed using the Statistica 13 (TIBCO Software Inc) statistical software
application.

3| RESULTS

A total of 50 consecutive patients who received radiation for sinonasal or nasopharyngeal
cancer were included in this study. Patient and tumor characteristics are described in Table 1.
All patients had comprehensive pituitary hormone testing, and 41 patients had a dosimetric
evaluation. Pituitary hormone assessment was performed at a median of 20 months (range
3-145 months) after the completion of radiotherapy. All but 6 (12%) patients underwent
pituitary hormone testing within 5 years of completing radiotherapy. Definitive radiotherapy
included 38 (76%) patients who received intensity-modulated radiotherapy (IMRT) and 12
(24%) patients who received intensity-modulated proton therapy (IMPT). The median target
prescription dose was 64 Gy (range 45-70 Gy), and the median dose per fraction was 2.06
Gy. Concurrent chemoradiotherapy (CCRT) with cisplatin or carboplatin was given to 35
(70%) patients; the remainder received radiotherapy alone. Recurrent tumors were treated
with re-irradiation to the skull base in 5 (10%) patients. There was no statistically significant
difference in the proportion of patients with pituitary hormonal abnormalities between those
treated with IMRT versus IMPT, CCRT versus radiotherapy only, or primary radiotherapy
versus re-irradiation (data not shown).

A total of 30 (60%) patients had any abnormal hormone level on laboratory testing. Of these,
23 (46%) patients had abnormal pituitary hormone levels possibly attributed to radiotherapy,
including 6 (12%) patients who required treatment (Table 2). The most common hormonal
abnormality was hyperprolactenemia (30%), followed by central hypothyroidism (8%),
central hypogonadism (6%), and central adrenal insufficiency (2%). Abnormalities affecting
more than 1 axis was seen in 13 (26%) patients. In addition, 7 (14%) patients had

isolated primary endocrine abnormalities (2 with primary hypogonadism, 3 with primary
hypothyroidism, and 2 with both). In patients with abnormal pituitary function, the

median time to diagnosis of pituitary dysfunction was 14 months after the completion of
radiotherapy.

Regression analysis was performed to evaluate for factors associated with pituitary
dysfunction attributed to skull base radiation (Table 3). No variables were found to be
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significantly associated with hormone dysfunction. Patients with radiation doses <60 Gy
(odds ratio [OR] 0.32, 95% confidence interval [CI] 0.10-1.04, A= 0.081) and no regional
metastases (OR 0.36, 95% CI 0.08-1.55, A= 0.19) tended to be less likely to have pituitary
dysfunction.

Figures 1 and 2 depict radiotherapy doses and hormonal levels for the 41 patients

with dosimetry data. The mean dose to the pituitary, pituitary stalk, optic chiasm, and
hypothalamus with normal pituitary function was 4094, 2878, 2004, and 1133 cGy,
respectively. In patients with abnormal pituitary hormone levels, the mean dose to the
pituitary, pituitary stalk, optic chiasm, and hypothalamus in patients was 5237, 4007, 3098,
and 2033 cGy, respectively. Compared with patients with normal pituitary hormone levels,
patients with abnormal pituitary hormone levels received higher mean radiation doses to the
pituitary gland (1143 cGy, P=0.04), pituitary stalk (1129 cGy, £=0.02), optic chiasm
(1094 cGy, £=0.01), and hypothalamus (900 cGy, P= 0.02). There was a non-significant
trend toward higher radiotherapy dose between patients with pituitary dysfunction requiring
treatment, pituitary dysfunction not requiring treatment, and normal hormone levels.

4| DISCUSSION

This study provides the first estimation of the prevalence of pituitary hormone dysfunction
as a correlative of radiotherapy dose in adults who underwent radiotherapy for anterior

skull base tumors. Nearly half the patients had pituitary dysfunction, with just over a

tenth requiring treatment. Despite previous research highlighting this problem, there is no
accepted screening protocol or national guidelines as there are for primary hypothyroidism
after neck radiation.® These data can inform evidence-based screening protocols and provide
guidance on dose modification to limit the risk of untreated pituitary dysfunction after
sinonasal radiation.

41| Prevalence

We report a prevalence of 46% pituitary hormone dysfunction, with 12% of patients
requiring treatment. One study to date has assessed the incidence of pituitary hormone
dysfunction after modern anterior skull base radiation.> VanKoevering et al. evaluated
pituitary serologies in patients aged 15-79 years who underwent external beam radiation
for anterior skull base malignancies. The cohort of 81 patients was derived from a sample
of 508 patients with the exclusion of patients without hormone testing, among other factors,
making their calculation of incidence prone to selection bias. Although they did not specify
the percentage of patients with pituitary dysfunction requiring treatment, they reported an
incidence of pituitary dysfunction of 37%, slightly less than what we found.

Other studies of radiation-related pituitary dysfunction have been limited to alternative
populations. One series with adult patients with radiated brain tumors found hypopituitarism
in 41% of individuals.3 The frequency of growth hormone, gonadotropin, ACTH, and TSH
deficiencies were 32%, 27%, 21%, and 9%, respectively. In a meta-analysis of studies
evaluating nonpituitary cranial radiation, the prevalence of hypopituitarism ranged from 25%
to 100% for head and neck cancer patients and 37%-77% for intracerebral tumor patients.?
The point prevalence of any degree of hypopituitarism for all patients was 66%. Other
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studies included radiation techniques dating well over a decade prior and do not represent
modern radiation treatment fields.49-12 More recent studies are limited to patients treated
for nasopharyngeal cancers.13-16 Similar reports have also been completed in pediatric
populations.1718

4.2 | Pituitary hormone dysfunction

Elevated prolactin levels were seen in 30% of the patients in our study. In contrast, the
posterior pituitary is known to be resistant to radiotherapy, and none of our patients

had symptoms suggestive of posterior pituitary dysfunction, such as diabetes insipidus.
Radiation has a unique effect on the HP-prolactin axis compared with other hormones.
Radiation-induced hyperprolactinemia occurs because the hypothalamic neuroinhibitory
neurotransmitter dopamine becomes attenuated or depleted.214.19 Although prolactin levels
initially increase with time, they may gradually normalize or decrease after loss of
lactotrophs. Because of our study’s cross-sectional nature, the prevalence of prolactin
dysfunction could vary. The prevalence could be greater if patients with normoprolactinemia
previously hypoprolactinemia, implying that we may be overlooking the. Alternatively, the
prevalence could be less if patients had non-radiation induced hyperprolactinemia (e.g.,
prolactinoma, medications, and health-related).

Due to the high radiation exposure and field that surrounds the base of the brain, the HP axis
is at a far greater risk of injury with radiotherapy to the anterior skull base than with other
head and neck tumors. Although prior studies have associated growth hormone deficiency
with cranial radiation, no patients in this study had growth hormone deficiency.3:20-22
Growth hormone—deficient adults can experience subtle changes in their quality of life such
as loss of muscle mass, increased visceral fat, insulin resistance, decreased bone mineral
density, and elevated risk of cardiovascular disease.?3

Previous studies evaluating cranial radiation have suggested that the somatotroph and
gonadotroph axes are much more radiosensitive than the thyrotroph and corticotroph
axes.20:24-26 |n contrast, we found thyrotroph deficiency (8%) to be more common than
gonadotroph deficiency (6%). While our study found that patients who undergo anterior
skull base radiation can have central hypothyroidism, prior studies have also found that
nasopharyngeal radiation can have a component of mixed or primary hypothyroidism due to
direct radiation damage to the thyroid gland.2”-28 This complexity highlights the limitations
of current NCCN guidelines, which recommend TSH testing alone every 6-12 months for
patients who have received cervical radiation.® The incidence of primary hypothyroidism
after radiotherapy for head and neck cancer is estimated to be 15%—-33% in the first 1-2
years after treatment.29:30 Our study suggests that the addition of thyroxine measurement

is vital for recognizing central hypothyroidism, which occurs in nearly a tenth of patients
who undergo skull base radiation. In these patients, TSH alone will not be reliable as
primary hypothyroidism can be disguised by simultaneous central hypothyroidism. We and
others would therefore advocate for an update to the NCCN guidelines with the addition of
thyroxine testing in at-risk patients.>
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4.3 | Radiation dose and timing

This study is unique in evaluating pituitary hormone abnormalities together with radiation
doses in patients treated for anterior skull base malignancies. Our analysis found a strong
association between HP dysfunction and the amount of radiation to the pituitary gland,
stalk, optic chiasm, and hypothalamus. Patients in this study tended to be less likely to have
pituitary dysfunction with less than 60 Gy of radiation. Other studies have demonstrated a
similar relationship for patients who received direct cranial radiation.22 The earliest signs
of dysfunction can appear within the first year of treatment but have been identified as late
as 11 years after radiotherapy.2-3! Ratnasingam et al. reported that hypopituitarism doubled
every 2 years after radiotherapy and suggested screening twice a year for patients at high
risk.14

4.4| Limitations

This study does not offer a temporal assessment of the effects of radiotherapy to the skull
base due to heterogeneity in patient treatment and timing. Pituitary dysfunction tended

to be associated with radiation dose, but the type of radiation varied between patients,
including definitive versus adjuvant, IMRT versus IMPT, CCRT versus radiotherapy only,
or primary radiation versus re-irradiation. The accuracy of the dosimetric values obtained
has intrinsic shortcomings because they depend on the accuracy of the treatment planning
system’s dose and volume calculations, and the planned dose may not be the exact
delivered dose. Dynamic and provocative tests were not used to detect somatotroph and
corticotroph dysfunction in all our patients. We anticipate that the prevalence of overt
pituitary dysfunction will be greater with longer follow-up. In addition, we did not conduct
pre-radiotherapy pituitary laboratory testing and other causes of hormonal dysfunction
cannot be ruled out. Further cohort and prospective studies are required to determine
whether there is a radiation dose threshold for hormonal dysfunction and the chronology
of pituitary dysfunction after radiotherapy for skull base tumors. It is currently unknown
whether dose de-escalation reduces the prevalence of pituitary hormone deficiency.

5| CONCLUSIONS

Nearly half of patients who underwent radiotherapy for sinonasal and nasopharyngeal

cancer experienced hormonal abnormalities, including pituitary—hypothalamus and primary
organ dysfunction. Over a tenth of patients required treatment. There may be a direct dose-
dependent relationship between the amount of radiation and pituitary gland, pituitary stalk,
optic chiasm, and hypothalamus dysfunction. These results suggest the need for standardized
screening protocols for pituitary dysfunction in patients receiving high-dose radiotherapy to
the anterior skull base.
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TABLE 1

Patient demographic and clinical characteristics.

Characteristic No. (%)
Gender
Male 31 (62)
Female 19 (38)

Age at radiotherapy, mean (range), years 54 (31-81)

Site of tumor

Nasopharyngeal carcinoma 20 (40)
Sinonasal carcinoma 30 (60)
Histology
Nasopharyngeal carcinoma 18 (36)
Squamous cell carcinoma 7(14)
Adenoid cystic carcinoma 6 (12)
Olfactory neuroblastoma 6 (12)
Sinonasal undifferentiated carcinoma 5(10)
Sarcoma 3 (6)
Neuroendocrine carcinoma 2(4)
Melanoma 2(4)
Adenocarcinoma 1(2)
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TABLE 2

Hormonal abnormalities after anterior skull base radiation.

Type
Overall abnormal pituitary hormone levels
Hyperprolactinemia
Central hypothyroidism
Central hypogonadism
Central adrenal insufficiency
Abnormal pituitary hormone levels requiring treatment
Central hypothyroidism, hyperprolactinemia
Central hypothyroidism, central hypogonadism
Central hypothyroidism, central hypogonadism, hyperprolactinemia
Central hypothyroidism
Hyperprolactinemia
Primary hormonal abnormality (isolated vs. concurrent)
Isolated primary hormone abnormality
Concurrent with pituitary hormone abnormality
Type of hormonal abnormality
Primary hypothyroidism
Primary hypogonadism
Number of axes involved
One axis
Two axis

Three axis

No. (%)
23 (46)
15 (30)
4(8)
3(6)
1
6 (12)
129
1
2(4)
129
1
16 (32)
7(14)
8 (16)

9 (18)
6 (12)

17 (34)
11 (22)
2(4)
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Regression for pituitary dysfunction.

Variable

Age <50 vs. 50-69 vs. 70+
Gender (men vs. women)
Race (white vs. others)

Histology

Oddsratio

0.78
1.95

Subsite (nasopharynx vs. others)  1.54

T category 3-4 vs. 1-2
NO vs. N+

Primary vs. re-irradiation
Chemoradiation

Radiation dose <60 vs. 60+

1.23
0.35
0.38
1.95
0.36

95% ClI

0.24-2.48
0.58-6.51

0.49-4.84
0.39-4.17
0.10-1.27
0.06-2.30
0.58-6.51
0.08-1.55

TABLE 3

P value
0.69
0.77
0.37
0.66
0.56
0.77
0.13
0.40
0.37
0.19
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