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Objective: To compare the results of pituitary adenoma treated with conventional external beam radiotherapy
(EBRT) versus stereotactic radiosurgery and stereotactic radiotherapy (SRS/SRT).

Method and Material: Data of patients with pituitary adenoma treated at Radiotherapy and Oncology unit,
Ramathibodi Hospital between 1990 from 2003 were retrospectively collected and analyzed. Twenty-two
patients were treated with EBRT and 51 patients were treated with SRS/SRT.

Results: The 5-year overall survival and local control rates were not different between the EBRT and SRS/SRT
group (91% vs 100%, p = 0.10; 95% vs 96%, p = 0.33). The 5-year freedom from newly initiated hormonal
replacement was 50% in EBRT and 75% in SRS/SRT group (p = 0.38).

Conclusion: At a similar outcome but with lower expense of resources, EBRT should be considered an acceptable
radiation technique for patients with pituitary adenoma, especially in developing countries such as Thailand.
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Pituitary adenomas are the most common
tumors near the sella and represent approximately
14% of all intracranial tumors®. Radiotherapy is an
accepted treatment of pituitary adenomas following
subtotal resection, persisting hormonal overproduction,
recurrence of disease, and is a primary treatment when
surgery is contraindicated or when macroadenoma is
inoperable. There are various radiation techniques in
treating pituitary adenoma. The prior and long-lasting
radiation technique is called conventional external
beam radiation therapy (EBRT) and the newly develop-
ing radiation technique is called stereotactic radiation.
This is the technique that administer precisely directed,
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high-dose irradiation while minimizing radiation dose
to surrounding normal tissue. The terminology used
in stereotactic irradiation can be confusing. The term
stereotactic radiosurgery (SRS) is used for irradiation
in a single session or fraction, while stereotactic
radiotherapy (SRT), is used for irradiation in multiple
fractions. An advantage of SRS/SRT over EBRT is SRS/
SRT technique produce a more rapid dose fall-off to
minimize the dose to surrounding critical structures
with the possibility of increasing the dose to the tumor,
but at the expense of more resources. It would be
interesting to assess the outcome of EBRT and SRS/
SRT. If EBRT is effective and safe, it might be more
cost-effective compared with the advanced techniques.
The present retrospective analysis of two sequential
series revealed comparative results of pituitary
adenomas treated with EBRT and SRS/SRT in terms of
overall survival, local control, and late complications.
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Method and Material

The medical records of 73 pituitary adenoma
patients treated at Radiotherapy and Oncology Unit,
Ramathiboidi Hospital between September 1990 and
October 2003 were retrospectively reviewed. During
this period, 22 patients were treated with EBRT and
51 patients were treated with SRS/SRT technique. Of
these, 12 received SRS and 39 received SRT. The
patient characteristics were similar in both groups,
with the exception of type of tumor, for which SRS was
significantly preferred in functioning tumors and as
primary radiotherapy. Table 1 and 2 summarizes the
patient characteristics in both groups.

Radiotherapy techniques

Inthe EBRT group, all 22 patients were treated
with 1.8-2 Gy daily fractions by the Linac system (6 or
10 MV CLINAC 2100C, Varian Medical system, Palo
Alto, CA, USA) or by the Cobalt 60 system (Theratron
780C, Atomic Energy of Canada Limited, Ottawa,
Canada). The median tumor dose was 54 (46-60) Gy
in 30 (23-33) fractions. In one patient treated with
radiotherapy alone, dose 60 Gy was given. In the SRS/
SRT group, all 51 patients were treated with the LINAC
system (6MV dedicated LINAC, Varian, Palo Alto, CA,
with XKNIFE planning system version3&4, Radionics,
Boston, MA). Before treatment, all patients were
evaluated by a multidisciplinary board consisting of
neurosurgeons, radiation oncologists, endocrinologists,
and neuroradiologists. Written informed consent was
obtained before the treatment.

Clinical and hormonal evaluation

After treatment, the patients were clinically
evaluated every 1-6 months. MRI and endocrinologic
examination were performed at varying intervals
depending on the physicians and the patients’ status.

The tumor control was evaluated in terms
of freedom from recognizable re-growth of the tumor
on various imaging studies or a recurrence of the
clinical symptoms that required additional surgical
intervention. The criteria for hormonal normalization
was a serum prolactin level below 20 ng/mL for
prolactinoma, a serum growth hormone level below
5mlU/L for growth hormone (GH) producing pituitary
adenoma and a daily urine-free cortisol level below
90 mg for adrenocorticotrophic (ACTH)- producing
tumors.

A complete hormonal response was defined
by the complete normalization of the hormonal level.
Complications of treatment were the late severe
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complications that occurred as the results of radiation
including brain necrosis, hypopituitarism, optic
neuropathy, and second malignancy.

Statistical method

The Statistical Package for the Social Sciences
(SPSS V11.5) was used for statistical analysis. The
primary endpoints to be compared between both
groups were overall survival, tumor control, and
late complications rate calculated according to the
Kaplan-Meier method®. Time points were calculated
from the date of the initiation of EBRT or SRS/FSRT.
The log-rank test was used to compare survival curves.
Unpaired t-test was used to test the difference between
means and Chi-square test or Fisher’s exact test was
used to test the difference between proportions for
patients characteristics of the two groups. A p-value of
less than 0.05 was considered statistically significance
different.

Results
Overall survival

The median follow-up time was 4.6 years
(range, 0.6-9.7 years) in the EBRT group and 4.7 years
(range, 1.5-7.4 years) in the SRS/FSRT group. There
were two deaths in the EBRT group, one from
cerebrovascular accident, and another one from
pancreatic CA. No patient died because of tumor
progression. Consequently, the 5-year overall survival
was 91% in the EBRT group and 100% in the SRS/SRT
group (p=0.10) (Fig. 1).

Tumor control

The five-year overall tumor control rate was
95% in the EBRT and 96% in the SRS/SRT group (p =
0.33) (Fig. 2). In the EBRT group, there was one local
failure with recurrent visual symptoms at 6 years after
EBRT and was salvaged by surgery. In the SRS/SRT
group, there were two patients with ACTH secreting
adenomas who had local failure, one had endocrinologic
and radiologic recurrence at 15 months after SRS and
subsequently had received surgery followed by FSRT.
Another one had endocrinologic recurrence at 20
months after SRT that required additional bilateral
adrenalectomy. There has been no further recurrence
to date for the patients who underwent a salvage
operation.

Hormonal response

Hormone normalization at three years was
achieved in 72% after EBRT and 61% after SRS/SRT
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Table 1. Patient characteristics between EBRT and SRS/SRT

Characteristic EBRT SRS/SRT p-value
Number of patients 22 51
Gender 0.07
Male 8 (36%) 29 (57%)
Female 14 (64%) 22 (43%)
Median age (years) 37.5 (16-66) 47 (17-65) 0.65
Type of tumor 0.78
Nonfunctional adenoma 11 (50%) 30 (59%)
GH secreting 2 (9%) 14 (27%)
Prolactin secreting 6 (27%) 2 (4%)
ACTH secreting 3 (14%) 5 (10%)
Presenting symptom 0.85
Visual disturbance 15 (53%) 29 (57%)
Headache 7 (24%) 2 (4%)
Hormone disturbance 5 (17%) 18 (35%)
Any mass effect 1 (3%) 2 (4%)
Incidental finding 1 (3%) 0
Surgery 0.32
Postoperative RT 21 (95%) 46 (90%)
RT alone 1(5%) 5 (10%)
Previous radiation 0 6 (12%) 0.03
Median tumor volume (ml) No record 10 (0.46-37.7)
Test of difference between mean (Independent t-test), p < 0.05
Test of difference between proportions (Chi-square test), p < 0.05
Table 2. Patient characteristics between SRS and SRT
Characteristic SRS SRT p-value
Number of patients 12 39
Gender 0.42
Male 7 (58%) 22 (56%)
Female 5 (42%) 18 (44%)
Age (years) (median) 43.5 (17-65) 47 (23-67) 0.78
Type of tumor 0.012
Nonfunctional adenoma 2 (18%) 28 (70%)
Growth hormone secreting 7 (64%) 7 (17%)
Prolactin secreting 0(0) 2 (5%)
ACTH secreting 2 (18%) 3 (8%)
Presenting symptom 0.32
Any mass effect 0(0) 2 (5%)
Visual disturbance 2 (18%) 27 (67%)
Headache 0 2 (5%)
Hormone disturbance 9 (82%) 9 (23%)
Surgery 0.02
Postoperative RT 8 (73%) 38 (95%)
RT alone 3 (27%) 2 (5%)
Previous RT therapy 1(16) 5 (84) 0.84
Median tumor volume (ml) 1.6 (0.7-10.8) 11.9 (0.5-37.7) 0.71

Test of difference between mean (Independent t-test), p < 0.05

Test of difference between proportions (Chi-square test), p < 0.05
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Fig. 1 Overall survival between EBRT and SRS/SRT
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Fig. 2 Overall tumor control between EBRT and SRS/SRT
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Fig. 3 Freedom from newly initiated hormonal replacement
between EBRT and SRS/SRT

J Med Assoc Thai Vol. 92 No. 3 2009

(75% for SRS and 50% for SRT). Five (71%) of the 7 GH
secreting tumors had serum GH level returned to
normal within 1 year after SRS. However, it took about
3yearsto achieve normal serum GH levels by EBRT. The
changes of GH levels following SRS were considered
earlier than those with EBRT. The hormonal response
of cortisol levels showed a pattern similar to the
response in both the SRS and EBRT groups. Nobody
had hormonal recurrence since normalization.

Late radiation complications

The incidence of newly developed hypo-
pituitarism trend to be higher in the EBRT group
than in SRS/SRT group, but the differences were not
statistically significant. The 5-year freedom from
newly initiated hormonal replacement was 50% in
EBRT and 75% in SRS/SRT group (Fig. 3). The severe
late radiation toxicity, such as brain necrosis, visual
impairment, or radiation-induced tumor, was not
reported in the present study.

Discussion

There are many therapeutic options for
treatment of pituitary adenomas including surgery,
radiotherapy, and medical treatment. The result depends
on various factors such as tumor size, invasiveness,
location, direction of growth, or hormonal activity.
Advanced transphenoidal surgery is established
as one of the most reliable treatment modalities®.
Radiotherapy is selectively used as postoperative
treatment after subtotal removal, in recurrent tumors,
in excessive hormonal secretion, and as primary
treatment when surgery is contraindicated. In the
present series, the authors compared two treatment
radiation techniques between EBRT versus SRS/SRT.
EBRT is prior and long-lasting technique, using 1.8-2
Gy, 5 days per week to the total dose of 45-55 Gy has
been shown to achieve fairly good treatment outcomes
both for the control of tumor growth and endocrino-
logical symptoms, and several studies revealed
80-95% tumor control rate and 40-90% hormonal
control rate®®. However, the risk of radiation-induced
hypopituitarism requiring permanent hormone replace-
ment was relatively high, reaching 25-30%. In addition,
rare but dramatic, late radiation toxicity such as
temporal brain necrosis and optic neuropathy is also
noted in a few percent®®, The SRS/SRT technique is
the newly developing radiation technique to administer
precisely directed, high-dose irradiation that tightly
conforms to an intracranial target to create a desired
radiobiologic response while minimizing radiation
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dose to surrounding normal tissue. SRS/SRT technique
used in the treatment of pituitary adenomas has been
increasing worldwide. At this time, there is no clear
indication for selecting radiation technique in treating
pituitary adenoma. The choice of radiation modality
often depends more on availability, physician
preference, and perceived differences in toxicity rather
than any convincing difference in reported outcome.
EBRT can be effective in control of hypersecretion and
mass effects due to large or recurrent tumors. SRS
remains an appropriate treatment for selected cases:
specifically, the smaller, radiologically well-defined
tumors located at a distance (3-5 mm) from the optic
apparatus. SRT is widely applicable, even to large tumors
in intimate relationship with the optic apparatus. In
Ramathibodi Hospital, the Linac-based radiosurgery
system unit was started in August 1997. Since then,
the EBRT has been gradually replaced by SRS/SRT
in treatment of pituitary adenomas. Therefore, a
prospective comparative study of EBRT vs SRS/SRT
for pituitary adenoma has now become difficult. The
present series reports on treatment results of 51
patients with pituitary adenoma treated with SRS/SRT
and retrospectively compared with 22 patients treated
with EBRT at the same institution. For all types, the
overall survival and local control rates were similar
between the EBRT and SRS/SRT group (Fig 1, 2).
Results of these patients were very similar to those
reported in other series®®®), There were two deaths in
the EBRT group, one from cerebrovascular accident
(CVA) and another patient from pancreatic CA. Brada
et al® found that patients with pituitary adenoma
treated with surgery and postoperative EBRT had a
significantly increased risk of CVA when compared
to the general population. In this particular patient,
however, he had risk factors for developing CVA
including underlying hypertension and heavy smoking,
so it is difficult to conclude the real cause contributing
to his CVA. In another patient who died from pancreatic
CA, it was suspected to be the multiple endocrine
neoplasia type | (MEN-1) syndrome®?,

For functioning pituitary adenoma, one of the
primary aims of the treatment is to control hormonal
hypersecretion. The present study showed the
hormone normalization at three years which was
achieved in 72% after EBRT and 61% after SRS/SRT
(75% for SRS and 50% for SRT), comparable with the
other series®-3 that reports SRS results equivalent to
those of SRT and EBRT. Overall, the rate of endocrino-
logical normalization was similar for SRS and EBRT,
with a hormonal control rate of 50-70% after SRS and
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40-90% after EBRT. The response seems to be greater
with single-fraction and could result in a quicker
normalization of hormonal levels. However, most of
these studies did not define standard end point of
hormonal control after radiation treatment at the same
standard consensus criteria. Different criteria cause
different results and would not reflect the same
response of radiation to hormone normalization.
Importantly, imprecise biochemical assessment (i.e,
insufficiently sensitive hormone assays and lack of
information regarding IGF-1 normal ranges) may
contribute to the uncertainty in the literature regarding
dose-response relations between biochemical activity
and improvement in morbidity and mortality rates. The
result of the present study was interpreted using the
criteria applied from the standard consensus criteria
and depending on the referring physician. The main
reason that standard consensus criteria cannot apply
for the present study because of retrospective nature
with no standard data available in the medical records.
The complete hormonal response analysis is difficult
because the endpoint definition usually varied in
ranges, and the pituitary adenoma kinetic response was
very slow with longer follow up, which could lead to a
better and complete response rate. It is also difficult
to compare the rate of hormonal decline between SRS
and conventional techniques because of the different
pretreatment parameters such as pretreatment hormone
level, type of tumor, tumor volume and radiation dose.
Finally, the interpretation of the results between SRS/
SRT and EBRT should be in caution because of the
small number of the patients, patient selection, differing
methods of reporting results, and retrospective nature.
The following studies should be done prospectively
to gain accurate and standardized results that are able
to set more appropriate protocols for radiotherapy in
the future.

With regard to late radiation complication,
EBRT to the pituitary gland has been reported to result
in hypopituitarism, visual loss, secondary tumor, and
dementia®23%), The most commonly reported late
morbidity of EBRT is hypopituitarism, with a broad
range of 30-70%¢%. Visual loss and radiation induced
neoplasm occur much less frequently. The incidence
of optic pathway damage after EBRT was 1-3%.
Pituitary adenoma patients had a reported cumulative
actuarial risk of 2-2.7% at 10-30 years for the develop-
ment of in-field radiation induced neoplasms®®,
Although formal cognitive function studies have failed
to detect a definite impairment due to RT alone, high
dose RT to significant volumes in the temporal and
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frontal lobes has been commonly associated with late
neurocognitive dysfunction. With single fraction
radiosurgery, injury to the optic apparatus was dose
dependent with a 27% risk for those receiving 10-15 Gy
and little or none with dose below 10 Gy to the optic
apparatus. Losa et al®® reported no radiation-induced
optic neuropathy after SRS. Mitsumori et al®” noted
an 18% incidence of brain necrosis with SRS that was
not seen with SRT. An advantage of SRT over SRS was
the decrease in normal brain complications when
the treatment volume was large or near the critical
structures. To date, no case of FSRT induced brain
necrosis or optic neuropathy has been described. The
most commonly reported late toxicity of SRS/FSRT was
hypopituitarism. Based on the literature, the risk of
partial hypopituitarism as a result of SRS/SRT showed
very low rates compared with the EBRT. The incidence
of partial hypopituitarism varied from 0- 40% in SRS
series and 5-20% in FSRT series. The reason for this
comparative low incidence is probably because the
target is clearly outside the pituitary sellar resulting in
protection of the pituitary gland and hypothalamus. In
the present study, most patients had hypopituitarism
as a result of tumor mass effect or by postoperative
changes rather than direct radiation effects. The
authors also noted a lower incidence of newly developed
hypopituitarism after SRS/SRT, the 5-year freedom
from newly initiated hormonal replacement of 75% in
SRS/SRT group and 50% in EBRT but not significantly
different (p = 0.38) (Fig. 3). There was no case of
radiation-induced optic neuropathy, brain necrosis, or
secondary tumor in the present report. A possible
reason for our low complication rates in the SRS/SRT
group might be the conservative dose used in SRS, the
more use of SRT, and the relatively short follow-up
time.

Conclusion

At a similar outcome but with lower expense
of resources, EBRT should be considered an acceptable
radiation technique for patients with pituitary adenoma,
especially in developing countries such as Thailand.

References

1. Faglia G. Epidemiology and pathogenesis of
pituitary adenomas. Acta Endocrinol (Copenh)
1993; 129 (Suppl 1): 1-5.

2. Kaplan EL, Meier P. Non-parametric estimation
from incomplete observations. J Am Stat Assoc
1958; 53: 457-81.

3. Freda PU, Wardlaw SL, Post KD. Long-term

J Med Assoc Thai Vol. 92 No. 3 2009

10.

11.

12.

13.

14.

endocrinological follow-up evaluation in 115
patients who underwent transsphenoidal surgery
for acromegaly. J Neurosurg 1998; 89: 353-8.
Hashimoto N, Kikuchi H. Transsphenoidal
approach to infrasellar tumors involving the
cavernous sinus. J Neurosurg 1990; 73: 513-7.
McCord MW, Buatti JM, Fennell EM, Mendenhall
WM, Marcus RB Jr, Rhoton AL, et al. Radiotherapy
for pituitary adenoma: long-term outcome and
sequelae. Int J Radiat Oncol Biol Phys 1997; 39:
437-44,

Landolt AM, Haller D, Lomax N, Scheib S,
Schubiger O, Siegfried J, et al. Stereotactic
radiosurgery for recurrent surgically treated
acromegaly: comparison with fractionated
radiotherapy. J Neurosurg 1998; 88: 1002-8.
Tsang RW, Brierley JD, Panzarella T,
Gospodarowicz MK, Sutcliffe SB, Simpson WJ.
Radiation therapy for pituitary adenoma:
treatment outcome and prognostic factors. Int J
Radiat Oncol Biol Phys 1994; 30: 557-65.

Tsang RW, Brierley JD, Panzarella T,
Gospodarowicz MK, Sutcliffe SB, Simpson WJ.
Role of radiation therapy in clinical hormonally-
active pituitary adenomas. Radiother Oncol 1996;
41:45-53.

Jalali R, Brada M, Perks JR, Warrington AP, Traish
D, Burchell L, et al. Stereotactic conformal
radiotherapy for pituitary adenomas: technique
and preliminary experience. Clin Endocrinol (Oxf)
2000; 52: 695-702.

McCollough WM, Marcus RB Jr, Rhoton AL Jr,
Ballinger WE, Million RR. Long-term follow-up of
radiotherapy for pituitary adenoma: the absence
of late recurrence after greater than or equal to
4500 cGy. Int J Radiat Oncol Biol Phys 1991; 21:
607-14.

Tran LM, Blount L, Horton D, Sadeghi A, Parker
RG. Radiation therapy of pituitary tumors: results
in 95 cases. Am J Clin Oncol 1991; 14: 25-9.

Sasaki R, Murakami M, Okamoto Y, Kono K, Yoden
E, Nakajima T, et al. The efficacy of conventional
radiation therapy in the management of pituitary
adenoma. Int J Radiat Oncol Biol Phys 2000; 47:
1337-45.

Rush S, Cooper PR. Symptom resolution, tumor
control, and side effects following postoperative
radiotherapy for pituitary macroadenomas. Int J
Radiat Oncol Biol Phys 1997; 37: 1031-4.

Brada M, Rajan B, Traish D, Ashley S, Holmes-
Sellors PJ, Nussey S, et al. The long-term efficacy

387



15.

16.

17.

18.

19.

20.

21.

22.

23

24,

25.

26.

388

of conservative surgery and radiotherapy in the
control of pituitary adenomas. Clin Endocrinol
(Oxf)1993; 38:571-8.

Isobe K, Ohta M, Yasuda’ S, Uno T, Hara R,
Machida N, et al. Postoperative radiation therapy
for pituitary adenoma. J Neurooncol 2000; 48:
135-40.

Breen P, Flickinger JC, Kondziolka D, Martinez
AJ. Radiotherapy for nonfunctional pituitary
adenoma: analysis of long-term tumor control. J
Neurosurg 1998; 89: 933-8.

Yoon SC, Suh TS, Jang HS, Chung SM, Kim YS,
Ryu MR, et al. Clinical results of 24 pituitary
macroadenomas with linac-based stereotactic
radiosurgery. Int J Radiat Oncol Biol Phys 1998;
41:849-53.

Brada M, Burchell L, Ashley S, Traish D. The
incidence of cerebrovascular accidents in patients
with pituitary adenoma. Int J Radiat Oncol Biol
Phys 1999; 45: 693-8.

Stieber VW, Shaw EG. Pituitary. In: Perez CA, Brady
LW, Halperin EC, Schmidt-Ulrich RP, editors.
Principles and practice of radiation oncology. 4"
ed. Philadephia: Lippincott Williams & Wilkins;
2004: 839-59.

Milker-Zabel S, Zabel A, Huber P, Schlegel W,
Wannenmacher M, Debus J. Stereotactic conformal
radiotherapy in patients with growth hormone-
secreting pituitary adenoma. Int J Radiat Oncol
Biol Phys 2004; 59: 1088-96.

Kobayashi T, Kida Y, Mori Y. Gamma knife
radiosurgery in the treatment of Cushing disease:
long-term results. J Neurosurg 2002; 97: 422-8.
Ganz JC, Backlund EO, Thorsen FA. The effects of
Gamma Kbnife surgery of pituitary adenomas on
tumor growth and endocrinopathies. Stereotact
Funct Neurosurg 1993; 61 (Suppl 1): 30-7.
Jackson IM, Noren G. Role of gamma knife therapy
in the management of pituitary tumors. Endocrinol
Metab Clin North Am 1999; 28: 133-42.

Izawa M, Hayashi M, Nakaya K, Satoh H, Ochiai
T, Hori T, et al. Gamma knife radiosurgery for
pituitary adenomas. J Neurosurg 2000; 93 (Suppl
3):19-22.

Shin M, Kurita H, Sasaki T, Tago M, Morita A,
Ueki K, et al. Stereotactic radiosurgery for
pituitary adenoma invading the cavernous
sinus. J Neurosurg 2000; 93 (Suppl 3): 2-5.
Mitsumori M, Shrieve DC, Alexander E 111, Kaiser

27.

28.

29.

30.

3L

32.

33

35.

36.

UB, Richardson GE, Black PM, etal. Initial clinical
results of LINAC-based stereotactic radiosurgery
and stereotactic radiotherapy for pituitary
adenomas. Int J Radiat Oncol Biol Phys 1998; 42:
573-80.

Zhang N, Pan L, Dai J, Wang B, Wang E, Zhang W,
et al. Gamma Knife radiosurgery as a primary
surgical treatment for hypersecreting pituitary
adenomas. Stereotact Funct Neurosurg 2000; 75:
1238.

LimYL, LeemW, Kim TS, Rhee BA, Kim GK. Four
years’ experiences in the treatment of pituitary
adenomas with gamma knife radiosurgery.
Stereotact Funct Neurosurg 1998; 70 (Suppl 1):
95-109.

Mahmoud-Ahmed AS, Suh JH, Mayberg MR.
Gamma knife radiosurgery in the management of
patients with acromegaly: a review. Pituitary 2001;
4:223-30.

Petrovich Z, Yu C, Giannotta SL, Zee CS, Apuzzo
ML. Gamma knife radiosurgery for pituitary
adenoma: early results. Neurosurgery 2003; 53:
51-9.

Sheehan JM, Vance ML, Sheehan JP, Ellegala DB,
Laws ER Jr. Radiosurgery for Cushing’s disease
after failed transsphenoidal surgery. J Neurosurg
2000; 93: 738-42.

Aristizabal S, Caldwell WL, Avila J. The
relationship of time-dose fractionation factors to
complications in the treatment of pituitary tumors
by irradiation. Int J Radiat Oncol Biol Phys 1977; 2:
667-73.

Harris JR, Levene MB. Visual complications
following irradiation for pituitary adenomas and
craniopharyngiomas. Radiology 1976; 120: 167-71.
Leber KA, Bergloff J, Pendl G. Dose-response
tolerance of the visual pathways and cranial
nerves of the cavernous sinus to stereotactic
radiosurgery. J Neurosurg 1998; 88: 43-50.
Stafford SL, Pollock BE, Leavitt JA, Foote RL,
Brown PD, Link MJ, et al. A study on the radiation
tolerance of the optic nerves and chiasm after
stereotactic radiosurgery. Int J Radiat Oncol Biol
Phys 2003; 55: 1177-81.

Losa M, Valle M, Mortini P, Franzin A, da Passano
CF, Cenzato M, et al. Gamma knife surgery for
treatment of residual nonfunctioning pituitary
adenomas after surgical debulking. J Neurosurg
2004; 100: 438-44.

J Med Assoc Thai Vol. 92 No. 3 2009



N1sAN BT NEIUNITTN I HBIAN AN |AANDIAILNITRIESIAIBLNA BAS N1TRIEISIA
FANNAA

WAlnssns Waviawen, sinumun suzlas, axla uasilsziasy, 35Ws LMA1SFINIIAY, 35EANA BIzWUELAGRY,
WINTTOU EINAAD A

Smquszaen; Wonfeuiaunansinmiilaseniines inauemaenirareFasUng uasnsareisimuiiin
TAAUAETENIS: V)o’lﬂ’)ﬁ‘éffllﬂly@lwl@gllyﬂlﬂﬁltifﬁﬂ@ﬂﬁ,ﬁ‘@llﬁlﬁ’/ﬁll@\‘/’ A nagsad@inmuazuzfeTnea
Irane189mBUA Anmssdeueeumds sounil wa. 2537-2548 Tnedl 22 melasunisene@ssung
uaz 51 :plasy nrsanefedsaniinn

wamsAn®: WU INTANLANA N e NETE AN NARR T NNTaNERATTUNG uas N9aned
souiiria wiﬂum”’m@”ﬁmmmgfmmﬁ 5 {1 (;@mz 9TuAT 08AY 100, p = 0.10) @”mmmimu@ufﬁm@wwﬁ
75l (;@ﬂ@: 95 uazTasiAL 96, p = 0.33) UALEATINITLABARINMTTZET AN (;@m: 50 uazTaEiAL 75,
p=038)

g1l mazwan1eineim ey uadnlaaeiiuesnarluntsarefadasUng efuniratefedasing
mmzﬁ@7mmLﬂun7m7m”qz?ﬁ'ﬂ@m‘”uYﬁyiug”ﬂ'f,rmifm@nﬁm'm”lt;ﬁmoZ‘m/mwvzﬂi:mﬁiﬁ'n"mﬁw‘”&um o
sz lng

J Med Assoc Thai Vol. 92 No. 3 2009 389



