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Background. To assess the risk of cerebrovascular accidents (CVAs) and second brain tumors (SBTs) in patients with pituitary adenoma
after surgery or radiotherapy.

Methods. A cohort of 143 people from Olmsted County, who were diagnosed with pituitary adenoma between 1933 and 2000, was
studied. Only patients from Olmsted County were included because of the unique nature of medical care in Olmsted County, which
allows the ascertainment of virtually all cases of pituitary adenoma for this community’s residents and comparisons to the general
population in the county. Surgical resection was performed in 76 patients, 29 patients underwent radiotherapy (with 21 undergoing
both surgery and radiotherapy), 5 patients were reirradiated, and 59 patients were managed conservatively and observed.

Results. Median follow-up was 15.5 years. There was no difference in CVA-free survival between treatment groups. On univariate ana-
lysis age . 60 years (hazard ratio [HR], 11.93; 95% CI, 6.26–23.03; P , .001); male sex (HR, 3.67; 95% CI, 2.03–6.84; P , .001), and
reirradiation (HR, 3.41; 95% CI, 1.05–9.68; P¼ .04) were associated with worse CVA-free survival. In multivariate analysis, only age
. 60 years was associated with worse CVA-free survival. Compared with the general population, there was a 4-fold increase in the
rate of CVAs in pituitary adenoma patients (HR, 4.2; 95% CI, 2.8–6.1). Two patients developed SBT (an irradiated patient and a sur-
gically managed patient).

Conclusion. CVA is a significant risk for patients with pituitary tumors, but treatment does not seem to impact the risk. Even with long-
term follow-up, SBTs are a rare event regardless of treatment modality.
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Radiotherapy is a well-established treatment modality for pituit-
ary adenomas and is commonly utilized after subtotal resection
of nonsecreting tumors to prevent progression of tumor or
achieve hormonal control of secreting adenomas when it cannot
be achieved with surgery or medical management. Radiotherapy
has been found to be quite effective for decreasing the recurrence
rate at 10 years after surgery from 51% down to 2%.1 However,
even with these high rates of success, there are concerns regard-
ing the side effects of radiotherapy, particularly late side effects
because patients with pituitary adenomas have long expected
survival times. Two late radiation side effects of particular

concern are secondary brain tumors and cerebrovascular acci-
dents (CVAs). However, there are conflicting reports on whether
radiotherapy for pituitary adenomas increases the risk for sec-
ondary brain tumors2,3 or CVAs.4,5

When assessing the risk of CVA in patients with pituitary aden-
omas, it is important to compare a similar representative popula-
tion that does not have a pituitary tumor to provide a baseline risk
of CVA. Virtually all patients living in Olmsted County, Minnesota,
are treated at Mayo Clinic or Olmsted Medical Center. In addition,
virtually all Olmsted County patients diagnosed with a complex
medical issue (eg, pituitary neoplasm) are evaluated at Mayo
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Clinic due to the geographic isolation of this community from
other tertiary medical centers.6 The Rochester Epidemiology Pro-
ject is a collaboration between health care providers in Olmsted
County that captures all medical diagnoses. This population-
based database allows the exact determination of CVA incidence
in Olmsted County. Therefore, to investigate the risk of CVA and
second brain tumors in patients with pituitary adenomas and
allow population-based comparisons, we studied all patients
diagnosed with a pituitary tumor in Olmsted County between
1933 and 2000.

Materials and Methods

Patients

With Mayo Clinic Institutional Review Board approval, the medical
records for Olmsted County residents diagnosed with a pituitary
tumor between 1933 and 2000 were reviewed. In accordance
with Minnesota state statutes, living patients were required to
consent to review of their medical records. No patients who
met the eligibility criteria refused research authorization, and
therefore no patients were excluded from this study.

Radiotherapy

All patients receiving radiotherapy were treated at Mayo Clinic
with localized fields. The energy of the external-beam radiation
devices changed over time, with 7 (24%) patients treated with
orthovoltage (3 mm Cu to 4 mm Cu HVL), 4 (14%) with cobalt
(80 cm teletherapy or Gamma Knife), and 18 (62%) with mega-
voltage (4 MV or 6 MV).

Follow-up and Endpoints

Demographic, patient and treatment characteristics, survival,
CVA, and second brain tumor information were obtained by re-
view of individual charts, Social Security Death Index, and death
certificates. Radiation-induced secondary brain tumors are clas-
sically defined by Cahan et al. as being located in the previously
irradiated field, having a latency period of several years, and dem-
onstrating histological features different from those of the pri-
mary lesion.7 For the current study of patients previously
treated with radiotherapy, any second cranial tumor, regardless
of radiation beam path, was defined as being located in the pre-
viously irradiated field. In the time-to-event analyses, the date of
diagnosis of pituitary tumor was utilized as the start point to
allow comparisons with those patients who underwent conserva-
tive management and observation after their diagnosis of a pitu-
itary tumor. Overall survival (OS) and CVA were determined from
the last date of confirmed contact with a health care provider or
death. Follow-up data were collected through May 2012.

Statistical Analysis

The 2-tailed Fisher exact test was used to assess for pretreatment
and treatment variables potentially associated with the devel-
opment of CVA and second brain tumors.8 Variables considered
were age, sex, extent of initial surgery (gross vs radical subtotal
resection vs subtotal resection), treatment, radiotherapy, repeat
radiotherapy, and tumor size (microadenoma vs macroadenoma).

The Kaplan-Meier method was used to estimate OS and development
of CVA.9 Univariate analyses were conducted using the log-rank test to
assess whether the pretreatment and treatment variables listed
above were associated with OS, CVA, and second brain tumors.10

The incident CVA rate after diagnosis of pituitary tumor was
compared with the incident stroke rate in the population of Roch-
ester, Minnesota, using data from the Rochester Stroke Registry11

to calculate standardized morbidity ratios. Expected CVA rates
were calculated by applying sex-, age-, and period-specific rates
in the general population of Rochester to the person-time follow-
up of those with a diagnosis of pituitary tumor. The standardized
morbidity ratio was calculated by dividing the number of
observed strokes by the expected number of strokes over the dur-
ation of follow-up. To be conservative, the maximum expected
number of strokes from 1955–1965 was used to estimate the
expected number of strokes in the time period before 1955, and
the maximum number of strokes from 1980–1989 was used to
estimate the expected number of strokes after 1990. In sensitivity
analysis, the minimum values were also used, and the results
were similar. Confidence intervals were calculated assuming a
Poisson distribution. For all statistical tests, a P value ,.05 was
considered significant. Cox regression analysis was utilized for
multivariate analysis.12 Statistical analysis was performed with
JMP 10.0 and SAS Version 9.2 (SAS Institute).

Results
A total of 143 Olmsted County residents were diagnosed with a
pituitary tumor between the years of 1933 and 2000 (Table 1).
The median age was 36 years (range, 12–87 years). The majority
of patients were female (62%) with macroadenoma (76%), and
secreting tumors (67%). Surgical resection was performed in 76
patients (53%), and 29 patients (20%) underwent radiotherapy
with 21 of them undergoing both surgery and radiotherapy. Fifty-
nine patients (41%) underwent conservative management and
were simply observed after their diagnosis. Patients with microa-
denomas were more likely to undergo conservative management
than patients with macroadenomas (P , .001). Of the patients
who received radiotherapy, 27 were treated with fractionated
radiotherapy at a median dose of 45 Gy (range, 17.6–60 Gy) and
median daily fraction size of 2 Gy, while 2 patients were treated
with radiosurgery (25 Gy) to the 50% isodose line covering the
tumor margin in a single fraction. Five patients received repeat frac-
tionated radiotherapy (median dose, 11.3 Gy; range, 8.4–50 Gy).
Median interval between the original radiation treatment and the
repeat radiation treatment was 1.4 years (range, 1.1–8.4 years).

The median follow-up after diagnosis of a pituitary tumor for
the entire cohort was 15.5 years (range, 0.44–63 years). The me-
dian follow-up was longer for those patients who received radio-
therapy (24.8 vs 14.4 years for those who did not receive
radiotherapy; P , .001).

Overall Survival

For the entire cohort, the OS at 15 years was 74%. Median survival
for conservative management was 13.9 years versus 16.5
years for those who underwent treatment (P¼ .04). Median sur-
vival was better for those treated with radiotherapy (24.8 vs 14.2
years; P¼ .001). Surgery did not have an impact on median sur-
vival (16.3 vs 13.9 years; P¼ .34).
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Cerebrovascular Accidents

Twenty-seven patients had a CVA. Nine patients died of CVA, 6 of
whom had no prior radiotherapy. The CVA-free survival for the en-
tire cohort at 5, 10, and 15 years was 90.4%, 83.1%, and 71.7%,
respectively. There was no difference in CVA-free survival between
the treatment groups, including those conservatively managed
compared with those actively treated (P¼ .42). The CVA-free sur-
vival at 5, 10, and 15 years was 96.6%, 86.2%, and 71.5%,
respectively, for those patients treated with radiotherapy com-
pared with 88.6%, 82.3%, and 71.7%, respectively, for those
not receiving radiotherapy (P¼ .52, Fig. 1). The CVA-free survival
at 5, 10, and 15 years was 95.7%, 88.1%, and 72.4%, respective-
ly, for those patients who underwent surgery compared with
84.5%, 77.6%, and 70.8%, respectively, for the nonsurgery
patients (P¼ .32). There was a significant increase in the inci-
dence of CVA in those patients undergoing repeat radiotherapy.

CVA-free survival at 5, 10, and 15 years was 100%, 80.0%, and
40.0%, respectively, for those patients treated with repeat radio-
therapy compared with 96.6%, 82.8%, and 75.6%, respectively
(P¼ .02; Fig. 2), for those patients never managed with reirradia-
tion. Of note, the CVA events occurred after repeat radiotherapy in
this cohort. There was no difference in CVA-free survival between
tumor types, including comparisons of growth hormone-
secreting tumors versus other tumors (hazard ratio [HR], 1.43;
95% CI, 0.61–2.92; P¼ .38). There was also no difference in CVA-
free survival in different time periods (ie, 1933–1979 vs 1980–
2000) of diagnosis (HR¼ 1.00; P . .99). There was worse CVA-free
survival in males (P , .01; Fig. 3) and those older than aged 60
years old at time of diagnosis (P , .01; Fig. 4).

Univariate analysis (Table 2) showed that age .60 years and
male sex had the greatest risk of CVA with HRs of 11.93 and 3.67,
respectively. Amongst the various treatment groups, those
undergoing repeat radiation therapy had an increased risk
for CVA with HR of 3.41. In multivariate analysis, the only
variable to show a worse CVA-free survival was age . 60 years,
although there was a trend to significance with repeat radiother-
apy (P¼ .07).

Fig. 1. Kaplan-Meier estimates of cerebrovascular accident (CVA) survival
in patients treated with radiotherapy (bold line) or without radiotherapy
(thin line) for pituitary adenomas.

Fig. 2. Kaplan-Meier estimates of cerebrovascular accident (CVA) survival
in patients treated with repeat radiotherapy (bold line) or without repeat
radiotherapy (thin line) for pituitary adenomas.

Table 1. Patient demographics and clinical characteristics

No. of Patients

Sex
Male 55
Female 88

Age at diagnosis
Median 36 years
Range 12–87 years

Tumor size
Macroadenoma 108
Microadenoma 35

Tumor type
Nonsecreting 47
Secreting 96

Prolactin 55
GH 11
ACTH 5
TSH 1
Prolactin + GH 5
Mixed other 19

Treatment
Conservative management 59
Surgery 76
Radiation 29
Surgery plus radiation 21
Repeat radiation 5

Extent of primary surgery
Subtotal resection 11
Radical subtotal resection 15
Gross total resection 50

Dose of radiotherapy (cGy)
,3 500 8*
3 500–4 499 5
4 500–5 499 12
5 500–6 499 4

Abbreviations: ACTH, adrenocorticotropic hormone; GH, growth hormone;
TSH, thyroid-stimulating hormone.
*2 received radiosurgery 25 Gy in single fraction to tumor margin.
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Cerebrovascular Accidents in Pituitary Adenoma Patients
Compared with the General Population

The CVA rate in the pituitary tumor population was compared
with that of the general population of Olmsted County after
adjusting for time period, age, and sex. Compared with the
expected stroke rate in the general population, there was a
4-fold increase for stroke in those with a pituitary tumor (standar-
dized morbidity ratio, 4.2:1; 95% CI, 2.8–6.1). Since older age was
associated with an increased risk of CVA in the pituitary tumor
population, the subgroup of older pituitary patients was com-
pared with the older general population of Olmsted County, and
there was a 6-fold increase for stroke in those with a pituitary
tumor (standardized morbidity ratio, 6.1:1; 95% CI 3.1–10.9).

Second Brain Tumors

Two patients developed an intracranial tumor after diagnosis of a
pituitary adenoma, one in an irradiated patient and the other in a
surgically managed patient. One patient developed a WHO grade
3 (of 4) fibrillary astrocytoma in the posterior limb of the internal
capsule 35 years after surgery and radiotherapy. The patient

underwent stereotactic biopsy for diagnosis. Following biopsy,
the patient developed decreased responsiveness and progressive
neurologic dysfunction attributed to postbiopsy hemorrhage and
edema. Within 1 month of biopsy, the patient died at home, sec-
ondary to neurologic deterioration. The other patient developed a
tentorial meningioma 18 years after surgical resection of a pitu-
itary adenoma. The tentorial meningioma was asymptomatic
and incidentally discovered on MRI as part of routine follow-up
for the pituitary adenoma. The patient has been subsequently
observed without further intervention to date.

Discussion
Although radiotherapy is an effective treatment modality for pitu-
itary adenomas, there are concerns about the long-term side
effects of radiation, particularly secondary brain tumors and
CVAs. The current study found no difference in the rate of CVA be-
tween the treatment groups, including those who were managed
conservatively. However, the risk of CVA in pituitary adenoma
patients was more than 4 times higher than that in the general
population in Olmsted County. A review of 331 pituitary adenoma
patients treated with radiotherapy at the Royal Marsden Hospital
found the actuarial incidence of CVA to be 11% at 10 years after
radiotherapy.13 A follow-up study from the same center found 33
cerebrovascular deaths with a relative risk (RR) of 4.1 (95% CI,
2.8–5.8) compared with a normal reference population.5 Inter-
estingly, there was an increased incidence of CVA in patients
after debulking surgery (RR, 5.19; 95% CI, 3.50–7.42) compared
with no surgery or biopsy only (RR, 1.33; 95% CI 0.27–3.88; P¼
.02). Other series have not found an association between pituitary
irradiation and CVA.4 Investigators at the University Medical Cen-
ter Groningen evaluated the incidence of stroke in a cohort of 462
irradiated and nonirradiated pituitary adenoma patients.14 Post-
operative radiotherapy was administered in 236 patients, with
most patients treated to 45 Gy in 25 fractions. They found no dif-
ference in incidence of stroke (5.5% vs 5.3%, respectively; P¼
.23), even though the follow-up was more than twice as long in
the irradiated patients.

There was a trend towards a worse CVA-free survival with re-
peat radiotherapy in the current series. This is consistent with
other series of reirradiation, such as head and neck cancer, with
a well-established risk of large-vessel late toxicity.15 – 17 Small ser-
ies with repeat radiotherapy to the sella have noted toxicities
such as hypopituitarism, optic neuropathy, and temporal lobe ne-
crosis but not CVA, which was possibly due to small patient num-
bers.18,19 Although there are no conclusive studies, a discussion of
the risks of large-vessel late toxicity should be considered for
patients planning to undergo reirradiation to the sella.

Some series have noted the incidence of second brain tumors
after radiotherapy to be relatively high. A review of 426 pituitary
adenoma patients who were treated with radiotherapy at the
Royal Marsden Hospital after resection found a cumulative risk
of second brain tumors of 2% at 10 years and 2.4% at 20 years
with median follow-up of 12 years.20 In a study from Princess
Margaret Hospital, 305 patients with pituitary adenoma who
were treated with radiotherapy had a cumulative risk of glioma
of 1.7% at 10 years with a median follow-up of 7.9 years.21 How-
ever, inherent study biases might play a role in these findings. It is
quite plausible that many studies evaluating second

Fig. 3. Kaplan-Meier estimates of cerebrovascular accident (CVA) survival
in male (bold line) or female (thin line) patients with pituitary adenomas.

Fig. 4. Kaplan-Meier estimates of cerebrovascular accident (CVA) survival
in patients aged 60 years or older at diagnosis (bold line) or aged ,60
years (thin line) with pituitary adenomas.
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malignancies are spurred by observations of second malignancies
in the clinic. These observations provide motivation to retrospect-
ively evaluate the risk of second malignancies after radiotherapy;
however, the fact that these investigators observed the very rare
event of a second malignancy significantly inflates the risk of se-
cond malignancies in their studied cohort. In fact, a review of 10
series and 1 388 pituitary adenoma patients treated with radio-
therapy that focused on late side effects, but not second malig-
nancies per se, revealed a second malignancy rate of 0.8% even
though the Princess Margaret Hospital and Royal Marsden Hos-
pital experiences were both included in the review.22

There is an interest in determining the RR of second malignan-
cies after radiotherapy, as this clarifies the therapeutic ratio and
aids in treatment decisions. In the previously reviewed Royal
Marsden Hospital study, the RR of second brain tumor compared
with a normal reference population was 10.5 (95% CI, 4.3 –
16.7).20 In the Princess Margaret Hospital study, the RR of malig-
nant brain tumor was 16 times (95% CI, 4.4–41) greater than the
general population.23 However, in estimating the RR of second
brain tumors, comparisons with a general population are possibly
flawed because the risk of second brain tumors may be higher in
pituitary adenoma patients than in the general population.

Several reports in the literature include co-occurrence of pituitary
adenomas and other brain tumors, such as meningiomas, in non-
irradiated pituitary tumor patients.24,25 In a review of the world
literature that encompassed 22 years, 16 and 19 cases of men-
ingiomas were noted in irradiated and nonirradiated pituitary
patients, respectively, and 18 and 9 cases of gliomas were
found in irradiated and nonirradiated pituitary patients, respect-
ively.26 Also epidemiological studies have shown an association
between pituitary adenomas and central nervous system
tumors.27 Genetic factors may play a role in some associations
between pituitary tumors and other cancers. Pituitary tumor-
transforming gene is an oncogenic molecule that plays many
roles in cell cycle regulation, and overexpression can lead to
tumorigenesis.28 Pituitary tumor-transforming gene is overex-
pressed not only in pituitary tumors29,30 but also in a number of
endocrine and nonendocrine-related tumors including gli-
omas.28,31 Therefore, a more ideal estimation of RR of second
brain tumors after radiotherapy would be made by comparisons
with a population of nonirradiated pituitary adenomas after sur-
gery. In the current study, we were able to make such compari-
sons. We found second brain tumors to be quite rare, even with
substantial follow-up, and there were no differences in second

Table 2. Univariate and multivariate Cox proportional-hazards regression models of cerebrovascular accidents in patients with pituitary adenoma

Variables No. of patients HR* (95% CI, P value) HR** (95% CI, P-value)

Age (years)
.60 30 11.93 (6.26–23.03 ,.0001) 152.58 (26.88–343.71, .0001)
,60 113 Ref Ref

Sex
Male 55 3.67 (2.03–6.84, ,.0001) 1.43 (0.29–7.28, .66)
Female 88 Ref Ref

Tumor size
Microadenoma 35 0.54 (0.18–1.25, .16) n/a
Macroadenoma 108 Ref

Treatment
Conservative 59 1.28 (0.70–2.30, .42) n/a
Nonconservative 84 Ref

Surgery 76 0.75 (0.42–1.33, 0.32) n/a
No surgery 67 Ref

RT 29 1.23 (0.64–2.27, .53) 2.97 (0.41–63.43, .31)
No RT 114 Ref Ref

Surgery plus RT 21 1.17 (0.55–2.26, .67) n/a
Not combination of surgery plus RT 122 Ref

Repeat RT 5 3.41 (1.05–9.68, .04) 5.38 (0.84–37.49, .07)
No repeat RT 138 Ref Ref

Less than GTR 26 1.11 (0.44–2.64, .82) 1.07 (0.15–9.13, .94)
GTR 50 Ref Ref

Abbreviations: GTR, gross total resection; HR, hazard ratio; Ref, reference variable; RT, radiotherapy.
*univariate analysis.
**multivariate analysis.
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brain tumor rates between the irradiated and the nonirradiated
patients despite imbalances in follow-up that favored the nonir-
radiated patients. Investigators at the University Medical Center
Groningen compared 236 irradiated and 226 nonirradiated pitu-
itary adenoma patients and found similar results.2 Again, they
noted no statistically significant differences in second brain
tumor rates between irradiated and nonirradiated patients, des-
pite imbalances in follow-up that favored the nonirradiated
patients. Their series identified one patient who developed a glio-
blastoma after surgery only for a pituitary adenoma. However, it
is important to recognize the event rate for second brain tumors is
extremely small, thereby considerably limiting the chance of any
significant differences between groups. Nonetheless, if there is a
difference in the development of second brain tumors between
irradiated and nonirradiated pituitary adenoma patients, the ab-
solute difference is certainly very small.

There are some limitations to our study. In order to ascertain
sufficient follow-up data, patients were enrolled up to year 2000.
Therefore, the majority of patients included in our study are repre-
sented by macroadenomas. In the imaging era after year 2000, it
is quite likely that the majority of patients would have microade-
nomas, reflecting the increased prevalence of incidentalomas as
sequelae of sensitive imaging technology. Ascertainment of CVA
prior to the CT and MRI era may underestimate the total number
of events. Prior to the CT era, the distinction between brain hem-
orrhage and ischemic stroke, which have different and distinctive
risk factors, would not have been possible. In addition, stroke in-
cidence has generally declined over the time frame because of
advancements in therapeutics and prevention. Finally, due to
the time frame of this study, it is not possible to ascertain the fre-
quency of certain risk factors for stroke such as smoking history,
hypertension, or even detailed evaluation of pituitary function,
especially in the older patient charts. This is important because
some studies have suggested that cerebrovascular disease after
radiotherapy is more likely due to the resultant hypopituitarism
rather than being directly related to the treatment itself.32 How-
ever, the rate of hypopituitarism in our study is almost certainly
equal or higher in patients treated with radiotherapy33 compared
with conservative management or surgery,34 especially since the
majority of radiotherapy patients also had surgery. For example,
in a prospective study of patients, treated contemporaneously
with the current study, they found the development of deficien-
cies of adrenal, thyroid, and gonadal function respectively in only
13%, 13%, and 0% of patients treated with surgery alone, com-
pared with 55%, 15%, and 50% , respectively, of patients treated
with radiotherapy alone and 67%, 55%, and 67%, respectively,
treated with surgery and radiotherapy.35 Nonetheless, a signifi-
cant strength of the current study is the unique nature of health
care in Olmsted County allowing a population-based trial such
that we were able to assess all patients diagnosed with pituitary
tumors, elucidate long-term risks of radiotherapy, and make
comparisons with the general population.

In conclusion, this population-based study revealed a signifi-
cant risk for CVA in patients with pituitary tumors, especially
older patients diagnosed with pituitary adenomas. Except for re-
peat radiotherapy, treatment does not seem to impact the risk of
CVA. In addition, second brain tumors are a very rare event re-
gardless of treatment, even with long-term follow-up. This infor-
mation should be considered when determining the therapeutic
ratio of radiotherapy.
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