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Hypopituitarism after gamma knife
radiosurgery for pituitary adenomas: long-
term results from a single-center experience
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Abstract

Objective The aim of this study was to investigate the incidence and risk factors of new-onset hypopituitarism after
gamma knife radiosurgery (GKRS) for pituitary adenomas in a single center.

Methods In this retrospective study, 241 pituitary adenoma patients who underwent GKRS from 1993 to 2016 were
enrolled. These patients had complete endocrine, imaging, and clinical data before and after GKRS. The median
follow-up time was 56.0 (range, 12.7-297.6) months.

Results Fifty patients (20.7%) developed new-onset hypopituitarism after GKRS, including hypogonadism (n=22),
hypothyroidism (n=29), hypocortisolism (n=20), and growth hormone deficiency (n=4). The median time to
new-onset hypopituitarism was 44.1 (range, 13.5-141.4) months. The rates of new-onset hypopituitarism were 7%,
16%, 209%, 39%, and 45% at 1, 3,5, 10, and 15 years, respectively. For those patients treated with a single GKRS, sex
(p=0.012), suprasellar extension (p=0.048), tumor volume (=5 cm?) (p <0.001), tumor progression (p=0.001), pre-
existing hypopituitarism (p=0.011), and previous surgery (p=0.009) were significantly associated with new-onset
hypopituitarism in univariate analysis. In the multivariate analysis, tumor volume (=5 cm?) and tumor progression
were associated with new-onset hypopituitarism (hazard ratio [HR]=3.401, 95% confidence interval [Cl]=1.708-6.773,
p<0.001 and HR=3.594, 95% Cl=1.032-12.516, p=0.045, respectively). For patients who received 2 or more times
GKRS, no risk factors associated with new-onset hypopituitarism were found.

Conclusion New-onset hypopituitarism was not uncommon after GKRS for pituitary adenomas. In this study, large
tumor volume (=5 cm?) and tumor progression were associated with new-onset hypopituitarism after a single GKRS.
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Introduction

Pituitary adenomas (PAs) are one of the most com-
mon intracranial neoplasms, accounting for 10-20% of
diagnosed brain tumors [1]. According to secreting bio-
logically active hormones, PAs can be classified as func-
tioning PAs (FPAs) and nonfunctioning PAs (NPFAs).
For most NFPAs and FPAs (except prolactinomas), sur-
gical resection is still the first-line treatment option [2].
However, about 20% of patients developed tumor recur-
rent after gross-total resection for NFPAs [3—7]. For sub-
total resection without adjuvant radiotherapy, the rate
of tumor progression could range from 50 to 60% [4—7].
Thus, postsurgical radiotherapy is indicated for postsur-
gical residual or recurrent NFPAs. Furthermore, initial
gamma knife radiosurgery (GKRS) can be an alternative
treatment for selected NFPA patients with comorbidi-
ties, documented growth small tumors, cavernous sinus
invasion, or advanced age [8—10]. Medical therapy with
dopamine agonists (DAs) is currently the preferred first-
line treatment option for prolactinomas [11]. For DA-
resistant or intolerant prolactinomas, GKRS is one of the
effective treatment options, with hormonal remission
rate of 4.5—-83% [12—-14].

GKRS, which has advantages of providing highly pre-
cise, better conformity, and focused delivery of radia-
tion, is the most commonly used radiation technique
in the treatment of PAs. Hypopituitarism is one of the
most common complications of GKRS [15]. Its inci-
dence ranged from 12.3 to 39.0% [9, 16—-18]. Potential
risk factors included tumor volume, prior radiation ther-
apy, mean dose to the pituitary gland, margin dose, and
suprasellar extension [9, 16, 19-21]. However, the inci-
dence and risk factors of hypopituitarism after GKRS are
still uncertain.

We have more than 26 years of experiences in using
Gamma Khnife (Elekta, Stockholm, Sweden) for PAs at the
Second Affiliated Hospital of Guangzhou Medical Uni-
versity since 1993. Thus, in this large single-center retro-
spective study, we aimed to investigate the incidence and
risk factors of hypopituitarism after GKRS for PAs.

Patients and methods

Patients

Between December 1993 and December 2016, 241
patients with complete clinical and endocrine evalua-
tion before and after GKRS for PAs at the Department of
Radiotherapy, Second Affiliated Hospital of Guangzhou
Medical University, were enrolled in our study. Study
inclusion criteria: (1) magnetic resonance imaging (MRI)
or surgical findings suggested the diagnosis of pituitary
adenomas; (2) complete clinical and endocrinological
evaluations before and after GKRS; (3) follow-up >12
months; (4) at least one pituitary axis intact.
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Informed consent was obtained from each participant.
All procedures were approved by the institutional com-
mittee of the Second Affiliated Hospital of Guangzhou
Medical University.

Endocrine and imaging evaluations

To assess endocrine function in patients both pre- and
post-GKRS, various serum hormone levels were mea-
sured, including free triiodothyronine (FT3), free thyrox-
ine (FT4), thyrotropin (also known as thyroid-stimulating
hormone, TSH), cortisol, adrenocorticotropic hormone,
prolactin, growth hormone (GH), insulin-like growth
factor-1 (IGF-1), follicle-stimulating hormone (FSH),
luteinizing hormone (LH), testosterone, and estradiol.
Hypothyroidism criteria included a low FT4 in combi-
nation with low, normal, or slightly elevated TSH levels.
Hypocortisolism was identified by a morning (08:00)
cortisol level under 4 pg/dL or an insufficient cortisol
increase (below 20 pg/dL) during a stimulation or insu-
lin tolerance test. For men, hypogonadism was indicated
by low serum testosterone levels without concurrent
elevated levels of LH and FSH. In women, hypogonad-
ism was characterized by amenorrhea with low serum
estradiol and low gonadotropin levels in premenopausal
females, while menopausal women exhibited no high
gonadotropin (LH and FSH) levels [22, 23]. Growth hor-
mone (GH) deficiency was judged based on a subnormal
response to the insulin tolerance test (less than 5 pg/L) or
a low IGF-1 adjusted for age and sex. New-onset hypo-
pituitarism post-GKRS was defined by a newly detected
deficiency in any hormonal axis or the necessity for hor-
mone replacement therapy.

Imaging assessments were conducted for the entire
cohort of 241 patients using established MRI proto-
cols for the pituitary gland before and after Gamma
Knife radiosurgery (GKRS). Measurements of the tumor
dimensions were recorded in three perpendicular planes:
transverse (TR), anteroposterior (AP), and craniocaudal
(CC). Tumor volumes were calculated employing the for-
mula: V = (11 X [TR X AP x CC]) / 6 [24]. Tumor progres-
sion was defined as tumor volume increased at least 20%
or any tumor regrowth. In contrast, tumor shrinkage was
defined as tumor volume reduction at least 20% without
any tumor regrowth. Tumors were considered stable if
the volume change was within 20%. Parasellar invasion
corresponded to a Knosp grade of 3 or 4, while suprasel-
lar extension was described as a tumor presence within
2 mm of the optic nerve and chiasm.

GKRS technique

The Model B Leksell Gamma Knife Unit was utilized
prior to April 2014 and then exchanged with the Perfex-
ion Unit (Elekta Instrument, Inc., Stockholm, Sweden).
Anesthesia was administered locally for placement of the
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stereotactic Leksell frame. Subsequent to the installation
of the frame, a thin-slice MRI with contrast material was
conducted targeting the sella. The GKRS treatment plan-
ning was collaboratively conducted by a medical physi-
cist, radiation oncologist, and neurosurgeon. All patients
underwent single-fraction GKRS in the study. The dose
selection for GKRS primarily relied on the tumor type,
tumor size, distance from the optic nerve and chiasm,
and past radiotherapy. In order to achieve superior con-
formality, small collimators of sizes 4 mm and 8 mm were
predominantly utilized.

Statistical analysis

All statistical analyses were performed by SPSS software
version 21.0 (IBM Corp., Armonk, NY, USA). Univari-
ate and multivariate analyses of the potential risk factors
(age, sex, parasellar invasion, suprasellar extension, previ-
ous surgery, tumor margin dose, tumor type, tumor vol-
ume, pre-existing hypopituitarism before GKRS, tumor
progression after GKRS, and frequency of GKRS) associ-
ated with new-onset hypopituitarism were performed by

Table 1 Characteristics of 241 patients with pituitary adenomas
and GKRS parameters

Characteristic value
Male/Female, n (%) 108/133
(44.8/55.2)
Median age, (range), years 427 (7.2-75.5)
Median clinical FU length, (range), months 56.0
(12.7-297.6)
Median tumor volume at GKRS, (range), cm? 214
(0.02-74.49)
Tumor type, n (%)
Nonfunctioning 154 (63.9)
Prolactinoma 47 (19.5)
Acromegaly 38(15.8)
Cushing disease 2(0.8)
Prior surgery, n (%) 92 (38.2)
Once, n (%) 73 (30.3)
Twice, n (%) 16 (6.6)
Three times, n (%) 3(1.2)
GKRS, n (%)
once 208 (86.3)
Twice 30(12.4)
Three times 3(1.2)
Parasellar invasion, n (%) 65 (27.0)
Suprasellar extension, n (%) 155 (64.3)
Tumor response
Progression 17 (7.0)
Shrinkage and stable 224(92.9)
GKRS parameters
Median tumor margin radiation dose, (range), Gy 14 (8-23.6)
Median maximum radiation dose, (range), Gy 33.3(20-66.6)
Median prescription isodose, (range), % 40 (25-60)

Abbreviations FU, follow up; GKRS, gamma knife radiosurgery
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log-rank test statistics and a step-forward likelihood ratio
method of Cox proportional hazard models, respectively.
Kaplan—Meier curve was plotted for new-onset hypopi-
tuitarism. A p-value of <0.05 was considered statistically
significant.

Results

Population and characteristics

Overall, 241 patients were enrolled in this study. The
patient population consisted of 108 men (44.8%) and 133
women (55.2%) with a median age of 42.7 (range, 7.2—
75.5) years. The median follow-up was 56.0 (range, 12.7—
297.6) months. The median tumor volume at GKRS was
2.14 (range, 0.02-74.49) cm?®. There were 154 (63.9%), 47
(19.5%), 38 (15.8%), and 2 (0.8%) cases of NFPAs, prolac-
tinomas, acromegaly, and Cushing diseases, respectively.
Prior to GKRS, 73 (30.3%) patients had undergone one
surgical resection, 16 (6.6%) had two resections, and 3
(1.2%) had three. Two hundred and eight patients had
undergone a single GKRS. Thirty (12.4%) and 3 (1.2%)
patients had undergone 2 or more times of GKRS for
residual or regrowth tumor respectively. Moreover, 65
patients (27.0%) had parasellar invasion and 155 (64.3%)
had suprasellar extension. Seventeen patients (7.1%)
occurred tumor progression. Tumors shrank or remained
stable in 224 patients (92.9%). In this study, all patients
undergone single-session GRKS, the median tumor
margin radiation dose was 14.0 (range, 8.0-23.6) Gy.
The median maximum radiation dose was 33.3 (range,
20.0-66.6) Gy. The median prescription isodose was 40%
(range, 25-60%). The baseline characteristics of these
patients are summarized in Table 1.

Endocrine outcomes after GKRS

In this study, 119 patients presented with hypopituita-
rism prior to GKRS, including hypogonadism (n=104),
hypothyroidism (n=30), hypocortisolism (n=19) and GH
deficiency (#=5). One hundred and twenty-two patients
presented with normal endocrine function before GKRS.
Finally, 50 patients (20.7%) developed new-onset hypo-
pituitarism after GKRS in the entire series, including
hypogonadism (#=22), hypothyroidism (#=29) and
hypocortisolism (n=20) (Table 2). Of the 50 patients,
14 patients exhibited multi-axis hormone deficits. The
median time to the occurrence of new-onset hypopitu-
itarism was 44.1 (range, 13.5-141.4) months. The rates
of new-onset hypopituitarism were 7%, 16%, 20%, 39%,
and 45% at 1, 3, 5, 10, and 15 years, respectively (Fig. 1).
For those patients who had undergone a single GKRS, 42
patients (20.2%) developed new-onset hypopituitarism,
the rates of new-onset hypopituitarism were 8%, 17%,
20%, 40%, and 44% at 1, 3, 5, 10, and 15 years, respectively.
For those treated with 2 or more times GKRS, 8 patients
(24.2%) developed new-onset hypopituitarism, the rates
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Table 2 Endocrine outcomes of 241 patients who underwent
GKRS for pituitary adenomas

Variable No. (%)
Pre-GKRS hypopituitarism 119 (494)
Hypogonadism 104 (43.2)
Hypothyroidism 30(124)
Hypocortisolism 19(7.9)
GH deficiency 5(2.1)
Pre-GKRS normal endocrine function 122 (50.6)
New hypopituitarism after GKRS 50(20.7)
Hypogonadism 22(9.1)
Hypothyroidism 29(12.0)
Hypocortisolism 20(8.3)
GH deficiency 4(1.7)

Abbreviations GKRS, gamma knife radiosurgery; GH, growth hormone
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10 I~ Censored

08

06

02 —

Proportion with New-onset Hypopituitarism

0.0

.000 50.000 100.000 150.000 200.000 250.000

Months after GKRS
Atrisk 241 123 47 14 2

Fig. 1 Kaplan-Meier curve of new-onset hypopituitarism for the entire
series

Table 3 Results of univariate and multivariate analyses for new-
onset hypopituitarism after a single GKRS

Variables New hypopituitarism
Univari- Multi- HR 95%
ate, p variate, cl
p
Age (=55 years) 0.226  NA NA NA
Sex (male VS female) 0.012"  0.090 NA NA
Parasellar invasion 0.201 NA NA NA
Suprasellar extension 0048" 0414 NA NA
Tumor margin dose (> 16 Gy) 0.060 0202 NA NA
Tumor type (nonfunctioning VS 0335 NA NA NA
functioning)
Tumor volume (=5 cm?) <0001" <0001" 3401 1.708-
6.773
Preexisting hypopituitarism 0011" 0207 NA NA
Tumor progression 0001" 0045 3594 1032-
12516
Previous surgery 0009" 0055 NA NA

Abbreviations GKRS, gamma knife radiosurgery; Cl, confidential interval; HR,
hazards ratio; NA, not available

“Statistically significant (P<0.05)
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Fig. 2 Kaplan-Meier curve of new-onset hypopituitarism of tumor vol-
ume>5cm?3VS <5 cm? after a single GKRS. Large tumors (= 5 cm?) showed
a higher proportion with new-onset hypopituitarism (p <0.001)
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Fig. 3 Kaplan-Meier curve of new-onset hypopituitarism of tumor pro-
gression after a single GKRS. Tumor progression after GKRS showed a high-
er proportion with new-onset hypopituitarism (p=0.001)

of new-onset hypopituitarism were 3%, 11%, 15%, 36%,
and 49% at 1, 3, 5, 10, and 15 years, respectively.

For those treated with a single GKRS, in the univariable
analysis, sex (p=0.012), suprasellar extension (p=0.048),
tumor volume (=5 cm?®) (p<0.001), tumor progression
(p=0.001), pre-existing hypopituitarism (p=0.011), and
previous surgery (p=0.009) were significantly associ-
ated with new-onset hypopituitarism. In the multivariate
analysis, tumor volume (>5 c¢m?) and tumor progression
were independent risk factors associated with new-onset
hypopituitarism (hazard ratio [HR]=3.401, 95% confi-
dence interval [CI]=1.708-6.773 and HR=3.594, 95%
CI=1.032-12.516, respectively) (Table 3; Figs. 2 and 3).
For patients who received 2 or more times GKRS, no risk
factors associated with new-onset hypopituitarism were
found (Table 4). Besides, the incidence of new-onset
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Table 4 Results of univariate analyses for new-onset
hypopituitarism after two or more times GKRS.

Variables New hypopituitarism
Univariate, p
Age (=55 years) 0611
Sex (male VS female) 0.542
Parasellar invasion 0.545
Suprasellar extension 0.152
Tumor margin dose (> 16 Gy) 0216
Tumor type (nonfunctioning VS functioning) 0.962
Tumor volume (=5 cm?) 0.792
Preexisting hypopituitarism 0.363
Tumor progression 0.503
Previous surgery 0.357

Abbreviations GKRS, gamma knife radiosurgery; NA, not available

hypopituitarism did not differ between a single GKRS
and 2 or more times GKRS (p=0.857).

Discussion

The overall prevalence of hypopituitarism was 29 per
100,000 cases based on a previous survey [25]. The
mechanism of hypopituitarism included dysfunction
of the pituitary gland or hypothalamic damage. Various
diseases may cause hypopituitarism. The most common
causes of primary hypopituitarism are PAs and compli-
cations of surgery or radiation therapy for PAs [15]. PAs
can cause hypopituitarism because of tumor growth and
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compression of pituitary gland and stalk. The pituitary
gland and hypothalamus can be damaged by pituitary
surgery or radiotherapy. One or more factors can result
in hypopituitarism. Patients who develop hypopituita-
rism have a poor quality of life, high risk of morbidity and
even mortality [26, 27].

Table 5 summarizes recent literatures describing GKRS
for PAs. Previous studies reported a highly heteroge-
neous incidence rate of hypopituitarism after GKRS for
PAs, which ranged from 12.3 to 39% [9, 16-21, 28, 29].
Sex, tumor volume, suprasellar extension, prior radiation,
mean dose to the pituitary gland, isodose line, margin
dose, and maximum dose were reported to be signifi-
cantly associated with hypopituitarism after GKRS for
PAs [9, 16-21, 28]. According to Pollock et al. [28], the
incidence of new-onset hypopituitarism was 27% based
on 62 PAs treated with GKRS. In this study, hypopitu-
itarism was relatively higher for patients with a tumor
volume >4.0 cm®. Sheehan et al. [20] investigated 512 PA
patients undergoing GKRS and reported that new-onset
hypopituitarism following GKRS was noted in 21% of the
patients and prior radiation therapy and greater tumor
margin doses were predictive of new-onset hypopituita-
rism. Xu et al. [21] examined a total of 262 PA patients
treated with stereotactic radiosurgery (SRS) and reported
a new-onset hypopituitarism rate of 30%. This study
investigated that suprasellar extension and higher mar-
gin dose (>16 Gy) increased the risk of hypopituitarism

Table 5 Literature review of hypopituitarism after GKRS for pituitary adenomas

Study Pa- Type of Prior Median  Median Tumor  New Risk factors
tients,n adenomas pituitary margin  follow-up, control hypopituitary
surgery,n  dose, (months) rate
(%) (Gy)

Pollock et al. [28] 62 NFPAs (100%)  59(95.2) 16.0 64.0 97% 27% Tumor volume (>4.0 cm?)

Gopalan et al. [29] 48 NFPAs (100%) 47 (97.9) 184 95.0 83% 39% NA

Park et al. [19] 125 NFPAs (100%) 110 (88) 13.0 62.0 89.6% 24% Prior radiation

Sicignano et al. 130 NFPAs (52.3%) 28 (21.5)* 15.0 60.0 NA 12.3% Mean dose to the stalk/

[16] (NFPA) pituitary;

25.0 (SPA) The amount of healthy tissue

within the high dose region

Sheehanetal.[20] 512 NFPAs (100%) 479 (93.6) 16.0 36.0 93.4% 21% Prior radiation therapy;
Greater tumor margin doses

Xu et al. [21] 262 NFPAs (27.1%) 247 (94.3) 250 410 89% 30% Suprasellar extension;
Margin dose>16 Gy

Lee et al. [9] 569 NFPAs (100%) O 12.0 520 82.7% 24% Margin dose >18 Gy;
Maximum dose >36 Gy

Cordeiroetal. [17] 1023 NFPAs (40.1%) 938 (91.7) 200 51.0 NA 24.2% Isodose line <50%

Graffeo et al. [30] 90 NFPAs (59%) 90 (93) 20.0 48.0 NA 28% Increasing mean pituitary
gland dose>11 Gy

Sunetal.[18] 204 NFPAs (100%) 204 (100) 14.0 86.0 90% 18% Sex

Current study 241 NFPAs (63.9%) 92 (38.2) 14.0 56.01 NA 20.7% Tumor volume (=5 cm?) and

tumor progression for patients
treated with a single GKRS

Abbreviations GKRS, gamma knife radiosurgery; NFPA, nonfunctioning pituitary adenomas; SPA, secreting pituitary adenomas

*Patients with multiple resections (> 1)
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after GKRS. Sicignano et al. [16] enrolled 130 PA patients
and reported a new-onset hypopituitarism rate of 12.3%.
In this study, they identified that dosimetric (the mean
dose and amount of healthy tissue within the high-dose
region) parameters were correlated with the risk of new-
onset hypopituitarism. In another study, Lee et al. [9]
reported that 24% of PAs caused new-onset hypopituita-
rism, and patients who had received a tumor margin dose
of >18 Gy as well as a maximum dose of >36 Gy had a
higher risk for hypopituitarism. Graffeo et al. [30] found
that higher mean pituitary gland dose (>11 Gy) was asso-
ciated with new-onset hypopituitarism after SRS. From a
multicenter and international study, Cordeiro et al. [17]
revealed that 248 of 1023 (24.2%) patients developed
new-onset hypopituitarism and they found that a lower
isodose line (<50%) was an independent predictor of
new-onset hypopituitarism (p=0.001, HR=1.38).

In the present study, we described 241 patients with
PA treated with GKRS, in which new-onset hypopituita-
rism occurred in 50 patients (20.7%). This incidence was
comparable with previous published data of hypopituita-
rism following GKRS (Table 5). In our series, the median
time for the occurrence of hypopituitarism after GKRS
was 44.1 (range, 13.5-141.4) months, which was appar-
ently similar with that in a previous study. Since 33 cases
(13.7%) received two or more times GKRS in the study,
we conducted subgroup analyses for a single GKRS and
multiple GKRS treatments. In a single GKRS group,
our multivariate analysis demonstrated that tumor vol-
ume (>5 cm?®) and tumor progression were significantly
associated with new-onset hypopituitarism after GKRS.
New-onset hypopituitarism occurs in 15.9% of patients
with tumors<5 cm? relative to 43.8% of patients with
tumors>5 cm®. These data suggested that large tumors
were associated with high risk for new-onset hypopitu-
itarism after GKRS for PAs. In large tumors, the pitu-
itary gland is compressed more seriously than those in
small tumors. Besides, large tumor volumes may make
it difficult to deliver an ideal radiation dose to the target
volume. The radiation dose and volume of surrounding
structures including the pituitary gland, pituitary stalk,
and hypothalamus were increased, which might be at risk
for new-onset hypopituitarism after GKRS. Tumor pro-
gression after GKRS was also a risk factor for new-onset
hypopituitarism in a single GKRS group in this study.
This may be related to the aggravation of compression
on the normal pituitary gland after tumor progression.
Among the 4 patients with tumor progression, 3 (75%)
developed new-onset hypopituitarism. In the 3 cases of
tumor progression and new-onset hypopituitarism, one
patient’s tumor progression and new-onset hypopituita-
rism were detected simultaneously, while the new-onset
hypopituitarism in the other 2 cases occurred after the
tumor progression. In contrast, only 19.1% of patients

Page 6 of 8

with shrinking or stable tumors experienced new-onset
hypopituitarism. Although the number of cases in the
tumor progression group is small, with only 4 cases, this
could limit statistical analysis, but the issue of new-onset
hypopituitarism due to tumor progression after GKRS
treatment cannot be overlooked. Insufficient GKRS dos-
age can lead to tumor progression and subsequent pitu-
itary dysfunction, while excessive GKRS dosage may
also result in hypopituitarism. How to balance GKRS
dosage, local tumor control, and new-onset hypopituita-
rism warrants careful consideration. For patients (n=33)
who received 2 or more times GKRS, no risk factors
associated with new-onset hypopituitarism were found.
Besides, the incidence of new-onset hypopituitarism did
not differ between a single GKRS and 2 or more times
GKRS. This may be related to the small number of cases
in the multiple GKRS group.

Three-dimensional conformal radiotherapy, intensity-
modulated radiotherapy, and fractionated stereotactic
radiotherapy are common radiation techniques. How-
ever, no clinical trials have compared the efficacy and
safety of conventional radiotherapy with SRS. Previous
studies reported that new-onset hypopituitarism after
conventional radiotherapy can occur in up to 80% of the
cases in 10 years [31]. In most studies, the incidence of
hypopituitarism after GKRS for PAs ranged from 12.3 to
39% [9, 16-21, 28, 29]. Conventional radiotherapy is less
precise than SRS, which increases the radiation volume
to the pituitary gland, pituitary stalk, and hypothalamus.
Therefore, it may convey more risk of adverse effects.
Furthermore, SRS has a better dose conformity with only
single fraction and is more convenient than conventional
radiotherapy. Thus, SRS has been the most commonly
used radiation technique in many centers and is an essen-
tial part in the treatment of PAs.

In our experience, 20.7% of patients with PAs devel-
oped new hypopituitarism after GKRS. Hypopituitarism
is not an uncommon complication of GKRS. New hypo-
pituitarism may occur several years after GKRS. Large
tumor volume (>5 cm?® and tumor progression after
GKRS are risk factors for new-onset hypopituitarism
after a single GKRS. Thus, regular endocrine follow-up
is necessary. Since tumor progression can also lead to
pituitary dysfunction, clinicians must carefully weigh the
issues of local tumor control and pituitary dysfunction
when determining the appropriate prescription dose, in
order to make better clinical decisions. Although uncor-
rected hypopituitarism is related with early mortality
and morbidity, with the help of endocrinologist, it can be
treated with hormone replacement.

Study limitations
This study has several limitations. First, this was a single-
center retrospective study that was stopped in 2016, and
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thereby reflected treatment and selection biases. Second,
because many patients came from a long distance from
nationwide, endocrine tests and MRI evaluations were
missing, thus, only 241 patients were included accord-
ing the inclusion criteria in this study, which might lead
to a selection bias. Third, the number of patients is rela-
tively small, and this may limit the statistical power. Four,
for some patients located far from the center, endocrine
evaluations were mainly taken in the local hospital;
thus, there might be slight variation in the definition of
hypopituitarism. Finaly, dosimetric parameters on the
pituitary stalk or gland were associated with the risk of
hypopituitarism after GKRS, however, these dosimetric
parameters were not available in this study.
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