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Abstract
Purpose Cancer treatment may lead to hormonal dysfunction.
Therefore, we assessed the prevalence of dysfunction in four
hormonal axes among long-term cancer survivors who re-
ceived radiotherapy to the head and neck region and analyzed
associations between hormonal status and clinical variables.
Methods We included 140 cancer survivors who received ra-
diotherapy to the head and neck region, either locally or
through total body irradiation after a diagnosis of lymphoma,
plasmacytoma/multiple myeloma, or carcinoma of the
epipharynx. Radiation doses to the pituitary gland and thyroid
gland were estimated, and blood samples were collected to
analyze hormonal levels.
Results At a median of 16 years after their cancer diagnosis,
46 % of cancer survivors showed dysfunction in one hormon-
al axis, 24 % had dysfunction in two axes, and 3 % had dys-
function in three axes. Twenty cancer survivors (14 %) had
hormone levels consistent with pituitary dysfunction. Cancer
survivors who had received an estimated 30 Gray (Gy) or
more to the pituitary gland had an increased risk for pituitary
dysfunction in one of the hormonal axes (odds ratio [OR]
3.16, confidence interval [CI] 1.02–9.87, p=0.047) and for
growth hormone dysfunction alone (OR 2.96, CI 1.02–8.55,
p=0.045).
Conclusions Abnormal hormone values are frequent after ra-
diotherapy to the head and neck region.
Implications for Cancer Survivors Screening for hormonal
dysfunction during follow-up might be indicated.
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Late effects

Introduction

Cancer treatment may lead to hormonal dysfunction, as it may
damage the hypothalamic-pituitary (HP) axis, peripheral
hormone-producing glands, or both [1]. Diagnosing hormonal
dysfunction in cancer survivors is important as it may be as-
sociated with fatigue [2], sexual dysfunction [2], infertility [3],
impaired skeletal health [4–6], and cardiovascular disorders
[4, 7, 8].

Radiotherapy to the head and neck region might re-
sult in direct or scattered irradiation of the pituitary
gland, but there is only limited knowledge of the
long-term effects of radiotherapy to this region on the
hormonal function among survivors of lymphoma or
hematological malignancies. Most published studies
have focused only on thyroid hormones or gonadal hor-
mones [9–13]. Moreover, studies on pituitary dysfunc-
tion after radiotherapy have mainly been performed in
childhood cancer survivors or after treatment for brain
tumors and nasopharyngeal carcinomas in adulthood
[14]. To our knowledge, no previous study has exam-
ined pituitary dysfunction and assessed four hormonal
axes in the same cohort.

Radiation to the HP axis might cause hypopituita-
rism, and generally such radiation-induced hormonal
dysfunction in the HP axis increase in incidence and
severity with longer follow-up time [14]. In a meta-
analysis, the prevalence of hypopituitarism differed
across studies, being 25–100 % among survivors of na-
sopharyngeal tumors and 37–77 % among survivors of
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intracerebral non-pituitary tumors, all of whom received
radiotherapy in adulthood. The point prevalence of any
degree of hypopituitarism was 66 % [15]. Observation
time after radiotherapy also differed across the studies
(0.3–30 years), as did the estimated radiation doses to
the pituitary gland (25–97 Gray (Gy)) [15]. The growth
hormone (GH) axis is considered the most radiosensitive
hormone axis. Subnormal GH values after stimulation
have been described after radiation doses of 18–24 Gy
to the pituitary gland [14, 16], whereas dysfunction in
the HP-gonadal axis is rare in cancer survivors who
received doses below 40 Gy to the pituitary gland
[16]. The HP-thyroid and HP-adrenal axes are even
more radioresistant, but hormonal dysfunction in these
axes has been described as frequent after higher doses
(≥50 Gy) to the pituitary gland [14, 16]. So far, no
general threshold of radiation dose at which pituitary
dysfunction develops has been demonstrated, although
hormonal dysfunction has been reported to be rare in
adults after radiation doses less than 30 Gy to the pitu-
itary gland [17].

Chemotherapy alone is not sufficient to induce pituitary
dysfunction, but it might potentiate the effect of radiotherapy
on GH excretion in children [18].

Radiotherapy may cause direct damage to the thyroid
gland, and hypothyroidism has been reported in 55–60 % of
cancer survivors who received mantle field radiation for
Hodgkin lymphoma [19, 20]. Moreover, newer agents used
in cancer treatment, such as tyrosine kinase inhibitors and
vascular endothelial growth factor receptor blockers, have al-
so been reported to cause hypothyroidism in a substantial
proportion of patients [21, 22]. Conversely, traditional che-
motherapy, such as the substances used in this study,
rarely causes thyroid dysfunction in the absence of radi-
ation [22], though the question of whether chemotherapy
sensitizes the thyroid gland to the harmful effects of ra-
diotherapy is controversial [11, 23]. Pelvic radiotherapy
and chemotherapy, especially alkylating agents and pro-
carbazine, are associated with gonadal hormone deficien-
cy [13, 20, 24]. Apart from after treatment with busulfan
[1], primary adrenal insufficiency has not been described
as a consequence of radiotherapy or chemotherapy.

Based on this background, this study had three aims: (1) to
estimate accumulated radiation doses to the pituitary gland
and thyroid gland in survivors of malignant lymphoma,
plasmacytoma, multiple myeloma, or carcinoma of the
epipharynx who received radiotherapy to the head and neck
region; (2) to assess the prevalence of primary (non-pituitary)
and secondary (pituitary) hormonal dysfunction in four hor-
monal axes (GH axis, HP-thyroid axis, HP-gonadal axis, and
HP-adrenal axis); and (3) to explore associations between hor-
monal dysfunction and radiation doses or other relevant
clinical variables.

Patients and methods

Patients

For this cross-sectional study, we included cancer survivors
whowere diagnosed with lymphoma, plasmacytoma, multiple
myeloma, or carcinoma of the epipharynx at age 15 years or
older, who received radiotherapy to the head and neck region,
either locally, or through total body irradiation (TBI), with or
without chemotherapy, at the Norwegian Radium Hospital
(NRH) during the period 1980–2006. Eligible cancer survi-
vors were identified through the NRH’s radiotherapy registry.
Radiation doses used in the treatment of lymphoma (≤40 Gy)
are lower than those used to treat brain tumors and carcinoma
of the epipharynx (≤60–70 Gy). Thus, survivors of carcinoma
of the epipharynx were included as they were considered to
have received the highest radiation doses to the pituitary gland
among survivors with extracerebral tumors.

A standardized questionnaire was sent to eligible cancer
survivors. They were also asked to present themselves either
at their local hospital or at the NRH before 10 a.m. to have a
blood sample taken. These samples were used to analyze hor-
mone levels.

Information about ongoing hormone replacement therapy
and menopausal status was obtained from the questionnaires.
Information on total treatment for each cancer survivor, in-
cluding both primary and salvage radiotherapy and chemo-
therapy, was obtained from patient records, the radiotherapy
registry, and the clinical lymphoma registry at the NRH. The
observation time was defined as time from diagnosis to the
time of the present study in 2009/2010.

Radiation doses to the pituitary gland, the thyroid gland,
and the gonads

The radiation doses to the pituitary and thyroid gland are giv-
en in Gray (Gy) and were retrieved from the digital radiother-
apy planning system and/or estimated from two-dimensional
simulation X-ray images. The pituitary gland is located in the
sella turcica, which was easy to identify on available X-ray
images. The position of the thyroid gland varies between in-
dividuals. In our study, we defined an Baverage position^ re-
lated to anatomical structures on X-ray images and/or CT
scanning of the neck and/or chest in cooperation with a radi-
ologist. We then evaluated whether the pituitary or thyroid
gland were inside or outside the radiation field. When the
gland was outside the field, the distance from the field was
measured, and the dose was estimated as illustrated in Fig. 1a.
We simplified the classification by not distinguishing between
total or partial irradiation of the pituitary and the thyroid gland.
The radiation dose to the gonads was not estimated. Instead, a
dichotomous classification was used, based on whether or not
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the participant had received infradiaphragmatic radiation (yes
or no).

Chemotherapy

Use of chemotherapy was dichotomized (yes or no) as was the
use of alkylating agents.

Analyses, determination, and categorization of hormone
levels

GH, insulin-like growth factor 1 (IGF-1), and adrenocortico-
tropic hormone (ACTH) were analyzed using the Immunlite
2000 platform (Siemens Healthcare Diagnostics). The analy-
ses of free thyroxin (FT4), thyroid-stimulating hormone
(TSH), follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), testosterone, and cortisol were performed using
Roche E- platform (Roche Diagnostics). Reference values are
given in Table 3.

Primary (non-pituitary) hormonal dysfunction was defined
as failure in the endocrine organ itself (thyroid gland, gonads,
adrenal glands), while secondary (pituitary) hormonal dys-
function was defined as failure in the pituitary hormones of
that organ. GH is produced in the pituitary gland, and GH
dysfunction was thus categorized as secondary hormonal dys-
function. GH stimulates IGF-1 production and due to longer

half-life, IGF-1 was used as an estimate (integrate) for the
production of GH.

The function of the GH axis was categorized in three
groups: normal, biochemical GH deficiency (GH ≤1 mIU/L
and IGF-1 < reference range), and biochemical suspicious GH
deficiency (GH >1 and <5 mIU/L and IGF-1 < reference
range, or GH ≤1 mIU/L and IGF-1 in the lower quartile of
the reference range). Values for IGF-1 (n=39) or GH (n=3)
were missing for some cancer survivors, in which case either
new samples were drawn or frozen serum samples were used
for reanalysis. No participants were categorized as having
biochemical GH deficiency or biochemical suspicious GH
deficiency based on the GH value alone.

For the HP-thyroid and male HP-gonadal axes, participants
with low or normal pituitary hormones (TSH, FSH, and LH)
and hormone level (FT4 and testosterone) below the reference
range were categorized as having secondary hypothyroidism
or secondary hypogonadism, respectively. Cancer survivors
with elevated pituitary hormones (TSH, FSH, and/or LH)
combined with hormone levels (FT4 and testosterone) that
were either normal or below the reference range were catego-
rized as having primary hormonal dysfunction. For the HP-
thyroid axis, primary 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.

Fig. 1 a Template used for dose
calculation of doses to the
pituitary or thyroid gland (y-axis)
based on the distance from the
radiation field (x-axis). b
Radiation doses (in Gy) to the
pituitary gland for each survivor. c
Radiation doses (in Gy) to the
thyroid gland for each survivor
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For participants on levothyroxine substitution (n=29), hor-
mone values at the start of the substitution were obtained
either from medical records or from cancer survivors’ general
practitioners and used to categorize the deficiency as primary
or secondary hypothyroidism. Cancer survivors who had been
treated with radioiodine for cancer (n=1) or hyperthyroidism
(n=5) or who had received thyreostatic treatment (n=1) were
excluded from the analyses of the HP-thyroid axis.

Males treated with testosterone substitution (n=6) were
grouped according to hormone values before the start of
substitution.

Females who reported menopause before the age of
42 years were classified as having premature ovarian failure.
The female gonadal axis was not evaluated further. Only two
cancer survivors had low or borderline cortisol levels, and
further analyses were not performed.

Statistical analyses

Data were described using means, standard deviations, me-
dians, and ranges as appropriate in relation to distribution.
Bivariate comparisons were performed by chi-squared, medi-
an, and t tests. Binary logistic regression analyses were per-
formed for analyses of variables expected to be associated
with pituitary dysfunction, GH axis dysfunction, and primary
thyroid dysfunction. Multinominal logistic regression analy-
ses were used for analysis of the male HP-gonadal axis. Can-
cer survivors with biochemical GH deficiency, secondary hy-
pothyroidism, or secondary hypogonadism were classified as
having pituitary dysfunction. For the regression analysis, the
GH axis was dichotomized into normal (reference) and dys-
function, which included biochemical deficiency and bio-
chemical deficiency suspicious values. Thyroid function was
dichotomized into normal (reference) and dysfunction, which
included primary subclinical and primary overt hypothyroid-
ism; cancer survivors with secondary hypothyroidism (n=2)
were excluded. For the regression analyses of the male HP-
gonadal axis, three groups were constructed: normal (refer-
ence), primary hypogonadism, and secondary hypogonadism.

In the multivariate logistic regression analyses, radia-
tion dose to the pituitary or thyroid gland (for thyroid
function), infradiaphragmatic radiotherapy (for gonadal
function), gender, age at diagnosis, and observation time
were all included as explanatory variables. Other vari-
ables were included if the p value was <0.1 in the
univariate analyses. Chemotherapy and alkylating agents
were not included in the same multivariate models. Di-
agnoses were not included in the multivariate models
due to the high correlation with radiation dose.

In the analyses of associations between pituitary or GH axis
dysfunction and radiation dose to the pituitary gland, radiation
dose was analyzed both as a continuous and as a dichotomous
variable (<30 and ≥30 Gy). The threshold of 30 Gy was

chosen since deficiencies in the HP axis in adults have been
reported to appear mainly at doses above 30 Gy [17].

The strengths of associations were expressed as odds ratios
(OR) with 95 % confidence intervals (CI). A p value <0.05
was considered statistically significant (all tests were two-
sided). All analyses were performed using SPSS 18 for
Windows.

Results

A total of 254 eligible cancer survivors were identified and
contacted by mail; 158 (62 %) consented to participate. Par-
ticipants tended to be younger than non-participants (median
age 60.0 vs 64.5 years, p=0.064). Of the 158 participants, 18
were excluded due to missing blood samples (n=13), ongoing
androgen deprivation therapy for prostate cancer (n=2), or
current incurable cancer other than lymphoma or multiple
myeloma (n=3). Thus, 140 participants were included in the
present study.

Participant and treatment characteristics

Median age at diagnosis was 42.5 years, median age at enroll-
ment in the study was 59.9 years, and median observation
time was 16.1 years (Table 1). Radiation doses to the pituitary
gland and thyroid gland for all participants are shown in
Fig. 1b, c. The median radiation dose to the pituitary gland
and the thyroid gland was 13 Gy (range 0–68.5 Gy and 0–
66.0 Gy, respectively). Forty-nine cancer survivors also re-
ceived infradiaphragmatic radiotherapy, mostly TBI
1.3 Gy×10 (Tables 1 and 2).

Hormone analyses

Results of the hormone analyses are given in Table 3. Distri-
butions of cancer survivors with primary hormonal dysfunc-
tion and/or secondary dysfunction in zero, one, two, or three
axes are shown in Fig. 2. No participants showed dysfunction
in all four hormonal axes.

Pituitary dysfunction

Twenty cancer survivors (14 %) had hormone levels consis-
tent with secondary hormonal dysfunction in one of the fol-
lowing hormonal axes: GH axis (n=7), HP-thyroid axis (n=
2), and male HP-gonadal axis (n=11). None had secondary
dysfunction in more than one hormonal axis.

In multivariate analysis, the risk for secondary dysfunction
was increased for cancer survivors receiving ≥30 Gy to the
pituitary gland versus <30 Gy (OR 3.16, CI 1.02–9.87, p=
0.047). When the radiation dose to the pituitary gland was

J Cancer Surviv (2015) 9:630–640 633



analyzed as a continuous variable, no significant association
with pituitary dysfunction was observed (Table 4).

GH axis

Seven cancer survivors (5 %) showed biochemical GH defi-
ciency, and 27 (20 %) had biochemical suspicious GH defi-
ciency (Table 3). In the logistic regression analysis, the risk for
GH dysfunction among cancer survivors who had received
≥30 Gy to the pituitary gland compared to <30 Gy, tended to
be increased (p=0.056) in the univariate analysis and became
statistically significant in the multivariate model (OR 2.96, CI
1.02–8.55, p=0.045) (Table 4). In contrast, when radiation
dose to the pituitary gland was analyzed as a continuous

variable, no variables were significantly associated with GH
dysfunction.

HP-thyroid axis

Nineteen (14 %) cancer survivors had primary subclinical
hypothyroidism, 24 (18 %) had primary overt hypothyroid-
ism, and 2 (2 %) had secondary hypothyroidism. All cancer
survivors with primary overt hypothyroidism were treated
with levothyroxine. In the univariate and multivariate logistic
regression analyses, increasing the radiation dose to the thy-
roid gland (OR 1.05 (per Gy), CI 1.03–1.08, p<0.001) and
increasing observation time (OR 1.10 (per year), CI 1.01–
1.20, p=0.024) significantly increased the risk for primary
thyroid dysfunction.

Table 1 Characteristics of the study sample

All (n=140) Males (n=84) Females (n=56)
Median (range) Median (range) Median (range)

Age at diagnosis (years) 42.5 (15–76) 41.3 (15–69) 44.0 (15–76)

Age at survey (years) 59.9 (31–87) 59.8 (31–87) 60.8 (31–84)

Observation time (years) 16.1 (5–29) 16.2 (5–29) 16.0 (5–29)

Diagnosis n (% within this group) n (% within this group) n (% within this group)

Non-Hodgkin lymphoma 102 (73) 56 (67) 46 (82)

Aggressive 56 34 22

Indolent 44 21 23

Unspecified 2 1 1

Hodgkin lymphoma 20 (14) 17 (20) 3 (5)

Multiple myeloma 5 (4) 3 (4) 2 (4)

Plasmocytoma 3 (2) 3 (4) 0 (0)

Carcinoma of the epipharynx 10 (7) 5 (6) 5 (9)

Radiation fields n

Total body irradiation

2 Gy (2 Gy×1; multiple myeloma) 3

Also treated with other fields 2

13 Gy (1.3 Gy×10; lymphoma) 40

Also treated with other fields 7

Orbita/parotis 19

Also treated with other fields 5

Neck bilateral/mantle field 31

Also treated with other fields 4

Epipharynx/tonsillae 19

Also treated with other fields 2

Othera 18

Also treated with other fields 3

Epipharynx carcinoma field 10

Also treated with other fields 0b

a Unspecified head and neck/total brain/calvarium/unilateral neck/skin
bOne patient relapsed 6 years later and was reirradiated to the same area
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HP-gonadal axis

Among males, 35 (42 %) had primary and 11 (13 %) had
secondary hypogonadism (Table 3). In univariate analy-
ses, the risk for primary and secondary hypogonadism
was increased for cancer survivors treated with
infradiaphragmatic radiotherapy (primary hypogonadism:
OR 124.88, CI 14.73–1058.43, p<0.001; secondary
hypogonadism: OR 13.88, CI 1.27–151.23, p<0.031).
Treatment with alkylating agents also increased the risk
for primary hypogonadism in the univariate analysis (OR
13.18, CI 3.42–50.58, p<0.001) (Table 4). In the multi-
variate analysis, infradiaphragmatic radiotherapy
remained associated with primary hypogonadism (OR
138.34, CI 12.37–1546.78, p<0.001), whereas for sec-
ondary hypogonadism, it was of borderline significance
(OR 13.06, CI 0.99–172.97, p=0.051). Treatment with
alkylating agents was not associated with primary
hypogonadism in the multivariate analysis.

Eleven women (20 %) had experienced premature
menopause.

Discussion

We found that as many as 102 (73 %) of all the cancer
survivors in our study sample had hormonal dysfunction
in one or more of the four hormonal axes under investi-
gation, 20 (14 %) of whom had pituitary dysfunction.
There was a significant relationship between pituitary
dysfunction and radiation dose of 30 Gy or higher to
the pituitary gland, confirming previous reports that the
prevalence of pituitary dysfunction is related to radiation

dose to the pituitary gland [14]. Pituitary dysfunction has
also been reported to be related to observation time, but
this we could not confirm [17].

Twenty-four percent of the cancer survivors were classified
with biochemical deficiency or suspicious deficiency in the
GH axis. Dysfunction in the GH axis is difficult to estimate

Table 3 Results of hormone analyses from blood samples by hormonal
axisa

Growth hormone axisa Males, n=84 Females, n=56

GH, median (range) 0.26 (<0.15–12) 1.35 (<0.15–14)

IGF-1, median (range) 17.0 (6.2–41.0) 16.0 (4.10–37.0)

Growth hormone axis grouped, n (%) All cancer survivors, n=136 (100)

Normal 102 (75)

Biochemical GH deficiency 7 (5)

Biochemical suspicious
GH deficiency

27 (20)

Thyroid axisb,c All cancer survivors, n=104

FT4, median (range) 15.0 (9.4–22.0)

TSH, median (range) 2.4 (0.4–8.6)

Thyroid function groupedc, n (%) All cancer survivors, n=133 (100)

Normal 85 (64)

Primary subclinical hypothyroidism d 19 (14)

Primary overt hypothyroidism 24 (18)

Secondary hypothyroidism 2 (2)

Hypothyroidism, unclassified 3 (2)

Gonadal hormonesb Males, n=78 Females, n=50

Testosterone (males)/estradiol
(females), median (range)

11.6 (0.7–24.8) <0.04 (<0.04–0.8)

FSH, median (range) 9.0 (1.9–83.1) 49.5 (2.7–113.3)

LH, median (range) 5.8 (2.1–49.1) 22.9 (2.2–65.6)

Groups of gonadal hormones, n (%) Males, n=84 (100)

Normal 38 (45)

Primary hypogonadism 35 (42)

Secondary hypogonadism 11 (13)

Adrenal axisb Males, n=80 Females, n=56

Cortisol, median (range) 389 (96–823) 375 (169–799)

Reference values:

GH: <15 mIU/L; IGF-1, 19–30 years: 17–63 nmol/L (lowest quartile 17–
28.5 nmol/L), 31–55 years: 11–40 nmol/L (lowest quartile 11–
18.25 nmol/L), and >55 years: 7–29 nmol/L (lowest quartile 7–
12.5 nmol/L). Thyroid axis: free T4 (FT4): 9.0–21.0 pmol/L. TSH: 0.5–
3.5 mIU/L. For the male gonadal hormone axis, age-adjusted reference
values were used: testosterone, 20–30 years: 11–33 nmol/L, 30–50 years:
10–32 nmol/L, and >50 years: 9–31 nmol/L. FSH, 20–30 years: 2–10 IU/
L, 30–50 years: 2–12 IU/L, and >50 years: 3–14 IU/L. LH, <50 years: 2–
10 IU/L and >50 years: 2–12 IU/L [33]. Cortisol before 9 a.m.: 250–
690 nmol/L; after 9 a.m.: 150–400 nmol/L
aGH: missing 2, IGF-1: missing 20
bOnly values of survivors not on hormone substitution are given
c Seven patients were excluded from the thyroid axis due to radioiodine
for cancer (n=1), radioiodine for hyperthyroidism (n=5), and thyreostatic
treatment (n=1)
d Subclinical hypothyroidism: normal FT4 and elevated TSH

Table 2 Pituitary and thyroid radiation doses by diagnosis

Diagnosis Pituitary dose
(Gy), median
(range)a

Thyroid dose
(Gy), median
(range)b

Infradiaphragmatic
radiotherapy, n

NHL (n=102) 13.0 (0.0–44.0) 13.0 (0.0–53.0) 42

HL (n=20) 5.0 (2.0–36.0) 41.4 (1.5–41.4) 3

MM (n=5) 2.0 (2.0–30.0) 2.0 (0.0–23.8) 4

PC (n=3) 27.6 (13.2 and
42.0)

0 0

CE (n=10) 44.2 (0.0–68.5) 50.0 (46.0–66.0) 0

All (n=140) 13.0 (0.0–68.5) 13.0 (0.0–66.0) 49

NHL non-Hodgkin lymphoma, HL Hodgkin lymphoma, MM multiple
myeloma, PC plasmocytoma, CE Carcinoma of the epipharynx
aMissing 4 [HL (n=1), NHL (n=2), plasmocytoma (n=1)]
bMissing 6 [HL (n=1), NHL (n=3), plasmocytoma (n=1), carcinoma of
the epipharynx (n=1)]
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in basal blood samples since IGF-1 level is not regulated by
GH alone, but also by other factors such as insulin level and
nutritional status [25]. Provocative testing of the GH axis,
such as testing of GH response to insulin-induced hypoglyce-
mia or arginine and GH releasing hormone in combination, is
critical to diagnosing GH deficiency. GH deficiency might
give rise to symptoms such as abnormal body composition,
reduced muscular strength, and impaired psychological well-
being [26]. Indications for treatment of adult-onset GH defi-
ciency have been debated [27]. Nevertheless, at present, the
European Endocrine Society states that patients with severe
GH deficiency should be considered candidates for replace-
ment therapy, save those with an active malignancy [28].

Thirty-two percent of the cancer survivors had primary
overt or subclinical hypothyroidism. The risk for hypothyroid-
ism increased with increasing observation time and with in-
creasing radiation dose to the thyroid gland, confirming prior
observations [10, 11, 29]. Although prior studies included
survivors of Hodgkin lymphoma only, the risk for hypothy-
roidism after radiotherapy to the head and neck is probably not
dependent on the type of cancer. Thus, our results emphasize
the importance of assessing thyroid function by measuring
both TSH and FT4, since TSH is not elevated in secondary
hypothyroidism. However, among cancer survivors who are
exposed to radiation to the thyroid gland, TSH might be ele-
vated due to primary hypothyroidism. Nineteen cancer survi-
vors were classified as having primary subclinical hypothy-
roidism. Subclinical hypothyroidism increases the risk of de-
veloping overt hypothyroidism and indicates a need for sys-
tematic follow-up. Only two cancer survivors were classified
with secondary hypothyroidism, which is in line with previous
studies [16]. In addition to an increased risk for hypothyroid-
ism, clinicians need to be aware that cancer survivors who
received radiation doses to the thyroid gland during childhood
and adolescence have an increased risk for developing thyroid
cancer [30].

The males had an increased risk for primary gonadal dys-
function after infradiaphragmatic radiotherapy, which is in
line with previous reports [24], and they tended to have an
increased risk for secondary hypogonadism, but there was no
association with radiation dose to the pituitary gland. The
majority of cancer survivors treated with infradiaphragmatic
radiotherapy (n=49) received TBI (1.3 Gy×10, n=40), which
corresponds to a radiation dose that is not expected to provoke
secondary gonadal dysfunction [31]. However, the numbers
were small and secondary hypogonadism in males could also
be explained by other factors, such as chronic systemic ill-
nesses and obesity [32].

Forty-four cancer survivors lacked ACTH results due to
problems with blood samples that were not frozen properly.
As with the GH axis, provocative testing was not performed
due to the study design. Consequently, the HP-adrenal axis
was categorized based on cortisol values alone and the prev-
alence of two survivors with dysfunction might be an
underestimation.

Hormonal dysfunctionmight have impact on the health and
quality of life of cancer survivors [2]. The clinical implications
of our findings, i.e. the relationship between hormonal distur-
bances and self-reported outcomes such as fatigue and phys-
ical and mental health, will be investigated in a separate study.
In our opinion, the results of this survey are generalizable to
cancer patients with other diagnoses treated with comparable
radiotherapy, assuming no prior surgery to the pituitary re-
gion. The results of this study suggest that screening for hor-
monal dysfunctions by measuring anterior pituitary and pe-
ripheral hormones for the GH-, HP-thyroid, HP-gonadal, and
HP-adrenal axesmight be indicated in cancer survivors treated
with radiotherapy to the head and neck region. To clarify the
effect of screening in asymptomatic survivors, further studies
are needed, preferably with a longitudinal design including
repeated measurements, clinical examination, and stimulation
testing.
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Table 4 Univariate and multivariate logistic regression analyses with odds ratios (ORs) and 95 % confidence intervals (CIs) for pituitary, growth
hormone, thyroid hormone, and male gonadal hormone dysfunction by patient- and treatment-related variables

Explanatory variables Univariate analyses Multivariate analyse

OR 95 % CI p value OR 95 % CI p value

Pituitary dysfunction as dependent variable (normal as reference)a

Gender

Female Reference Reference

Male 1.667 0.599–4.635 0.328 1.703 0.595–4.877 0.321

Age at diagnosis 1.007 0.975–1.039 0.685 0.993 0.955–1.032 0.708

Diagnosis

NHL Reference

HL 1.324 0.337–5.194 0.688

MM/PC 2.500 0.452–13.821 0.294

CE 3.214 0.731–14.128 0.122

Observation time 0.945 0.875–1.021 0.154 0.933 0.851–1.023 0.141

Radiation dose to pituitary gland (Gy) 1.027 0.996–1.058 0.085

Radiation dose to pituitary gland

<30 Gy Reference Reference

≥30 Gy 3.122 1.032–9.452 0.044 3.164 1.015–9.865 0.047

Chemotherapy

No Reference

Yes 1.647 0.514–5.276 0.401

Alkylating agents

No Reference

Yes 1.075 0.399–2.897 0.886

Growth hormone dysfunction as dependent variable (normal function as reference)a

Gender

Female Reference Reference

Male 0.668 0.305–1.463 0.313 0.547 0.237–1.261 0.157

Age at diagnosis 0.998 0.973–1.024 0.901 0.985 0.953–1.017 0.352

Diagnosis

NHL Reference

HL 0.933 0.281–3.100 0.933

MM/PC 5.583 1.292–26.346 0.022

CE 1.500 0.358–6.287 0.529

Observation time 0.947 0.889–1.009 0.093 0.930 0.859–1.007 0.072

Radiation dose to the pituitary gland (Gy) 1.025 0.997–1.052 0.076

Radiation dose to pituitary gland

<30 Gy Reference Reference

≥30 Gy 2.697 0.976–7.451 0.056 2.957 1.022–8.551 0.045

Chemotherapy

No Reference

Yes 1.051 0.437–2.527 0.911

Alkylating agents

No Reference

Yes 0.746 0.337–1.654 0.471

Thyroid hormone dysfunction as dependent variable (normal function as reference)b

Gender

Female Reference Reference

Male 1.671 0.789–3.538 0.180 1.382 0.556–3.370 0.477
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Table 4 (continued)

Explanatory variables Univariate analyses Multivariate analyse

OR 95 % CI p value OR 95 % CI p value

Age at diagnosis 0.966 0.942–0.992 0.009 0.995 0.962–1.028 0.753

Diagnosis

NHL Reference

HL 11.667 3.111–43.749 <0.001

MM/PC 0 – 0.999

CE 2.500 0.584–10.696 0.217

Observation time 1.141 1.068–1.219 <0.001 1.097 1.012–1.190 0.024

Radiation dose to thyroid gland (Gy) 1.060 1.035–1.085 <0.001 1.052 1.027–1.079 <0.001

Chemotherapy

No Reference

Yes 1.180 0.515–2.705 0.695

Alkylating agents

No Reference

Yes 0.573 0.272–1.205 0.142

Primary male hypogonadism (normal or low testosterone and elevated FSH and/or LH) as dependent variable (absence as reference)c

Age at diagnosis 0.986 0.956–1.018 0.398 1.042 0.982–1.107 0.175

Diagnosis

NHL Reference

HL 0.314 0.087–1.138 0.078

MM/PC 0.524 0.080–3.413 0.499

CE 0.262 0.025–2.695 0.260

Observation time 1.047 0.973–1.126 0.216 1.036 0.913–1.176 0.581

Radiation dose to the pituitary gland (Gy) 0.975 0.938–1.012 0.186

Infradiaphragmatic radiation

No Reference Reference

Yes 124.88 14.733–1058.43 <0.001 138.342 12.373–1546.776 <0.001

Chemotherapy

No Reference

Yes 24.73 3.058–199.968 0.003

Alkylating agents

No Reference Reference

Yes 13.176 3.42–50.58 <0.001 2.524 0.466–13.656 0.283

Secondary male hypogonadism (low testosterone and normal FSH and LH) as dependent variable (absence as reference)c

Age at diagnosis 1.010 0.964–1.058 0.680 1.015 0.958–1.076 0.604

Diagnosis

NHL Reference

HL 1.100 0.228–5.312 0.906

MM/PC 1.222 0.107–13.974 0.87

CE 1.222 0.107–13.974 0.87

Observation time 0.982 0.881–1.094 0.737 0.983 0.864–1.117 0.983

Radiation dose to the pituitary gland (Gy) 1.003 0.958–1.052 0.886

Infradiaphragmatic radiation

No Reference Reference

Yes 13.88 1.273–151.230 0.031 13.062 0.986–172.972 0.051

Chemotherapy

No Reference

Yes 1.939 0.444–8.476 0.379
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This study has some limitations. The final diagnosis of
pituitary failure requires clinical examination, multiple blood
samples, and specific stimulation tests, while our study was
based on blood samples only. This causes uncertainty for all
four hormonal axes, especially the GH- and the HP-adrenal
axes. Moreover, despite being interesting, it was decided not
to investigate the incidence of diabetes insipidus and
hyperprolactinemia. However, in our opinion, the assessments
in this report represent a realistic screening method for the
long-term hormonal effects of radiotherapy in the follow-up
of cancer survivors in an oncological outpatient clinic setting.

We included survivors of non-Hodgkin lymphoma, Hodg-
kin lymphoma, multiple myeloma/plasmacytoma, and carci-
noma of the epipharynx who had been treated with various
radiation fields and doses to the head and neck region; the
majority of the survivors also received chemotherapy. As ex-
pected, chemotherapy increased the risk for primary
hypogonadism in males [1] but was not associated with pitu-
itary dysfunction, GH dysfunction, or hypothyroidism. To our
knowledge, pituitary and hormonal dysfunction in all four
axes have not been studied simultaneously in a population of
mainly long-term lymphoma survivors. We consider the un-
selected population to be a strength of the study, but on the
other hand, it was difficult to compare the prevalence of hor-
monal dysfunctions in our study to those in previous studies,
which were generally performed in more homogenous popu-
lations in terms of diagnoses and radiation dose to the pituitary
gland.

The participants in this study were diagnosed over a period
of 26 years, and during this time (1980–2006), there have
been major changes and progress in the techniques used to
plan radiotherapy. As a consequence, the radiation doses were
estimated manually from two-dimensional X-ray simulation
images for some of the cancer survivors and are thus subject to
some uncertainty. However, we believe that the methods we
used to estimate the radiation dose in this cross-sectional study
are appropriate, as the aim was to explore associations be-
tween hormonal dysfunctions and radiation doses. We consid-
er data from this study to be important in the follow-up care of

cancer survivors treated in recent decades, while prospective
studies are needed to define the risks for hormonal dysfunc-
tion associated with currently used treatment techniques.

The sample size was relatively small which was reflected in
wide CIs. Our results should therefore be interpreted with
some caution.

Conclusions

The results of this study indicate that hormonal dysfunctions are
prevalent after radiotherapy to the head and neck region. Screen-
ing for hormonal dysfunctions should be considered in selected
cancer survivors as part of routine outpatient follow-up.
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