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(Correspondence should be addressed to P Chanson at Hôpital de Bicêtre, Service d’Endocrinologie et des Maladies de la Reproduction;
Email: philippe.chanson@bct.aphp.fr)

*(S Brochier and F Galland contributed equally to this work)
q 2010 European Society of E
Abstract

Context: Adequate postoperative management of nonfunctioning pituitary macroadenomas (NFMAs)
remains a challenge for the clinician.
Objective: To identify predictive factors of NFMA relapse after initial surgery.
Patients and methods: This retrospective study included 142 patients operated for an NFMA in two
academic centers (CHU Bicêtre in France and UCL St Luc in Belgium). The rate of tumor relapse,
defined as recurrence after total surgical resection or regrowth of a surgical remnant, as well as
predictive factors was analyzed.
Results: During a mean follow-up of 6.9 years, 10 out of 42 patients (24%) who had complete
macroscopic resection of their tumor had recurrence, and 47 out of 100 patients (47%) with a surgical
remnant experienced regrowth. The overall relapse rates were 25, 43, and 61% at 5, 10, and 15 years
respectively. Invasion of the cavernous sinus, absence of immediate radiotherapy after the first
neurosurgery, and immunohistochemical features of the tumor (mainly positive immunostaining for
several hormones or for hormones other than gonadotropins) were independent risk factors for tumor
relapse. Incomplete excision was only associated with relapse when invasion was withdrawn from the
analysis, suggesting that these two factors are closely linked.
Conclusion: NFMAs frequently recur/regrow after initial surgery, particularly when tumor is invasive,
precluding complete removal. Immunohistochemical features such as positive immunostaining for
several hormones or for hormones other than gonadotropins could help to predict undesirable
outcomes.
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Introduction

Nonfunctioning pituitary macroadenomas (NFMAs)
are the most frequent pituitary macroadenomas (1–3),
but their treatment and follow-up remains a difficult
challenge. Patients often present with symptoms of
mass effects, such as visual field defects, chronic
headache, and hypopituitarism. Transsphenoidal
surgery is considered as the treatment of choice, and
significant tumor debulking improves visual field
disorders in 80% of patients and relieves headaches in
almost every case (4). However, even after complete
or near complete surgical resection, NFMAs regrow in
12–58% of patients within 5 years (5–8), and medical
therapy with dopamine agonists or somatostatin
analogs has a variable and often limited impact on the
ndocrinology
risk of recurrence (9). Some centers consider immediate
postoperative radiation therapy in an attempt to
prevent tumor regrowth (6, 10–12), but this approach
carries a risk of complications such as hypopituitarism
(13), cerebrovascular disease (14, 15), potential
neurocognitive dysfunction (16), and a low but well-
documented long-term risk of secondary intracranial
tumors (17).

Recent studies have examined the natural history of
pituitary NFMA remnants in surgically treated patients
(5–8), but the number of patients studied and the length
of postsurgical follow-up were often limited. As a result,
it is still difficult to predict the individual risk of relapse
(recurrence/regrowth) after neurosurgery. We retro-
spectively studied a very large number of NFMA patients
with long-term follow-up after surgery in order to
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identify factors associated with tumor relapse and
thereby determine which patients might benefit from
postoperative adjuvant treatment or at least require
closer follow-up.
Patients and methods

Patient selection and study design

All patients with a diagnosis of clinical NFMA (diameter
O10 mm on computed tomography (CT) scan or
magnetic resonance imaging (MRI)) and who were
seen in one of the two participating endocrine centers
between 1975 and 2005 were initially included in this
retrospective study (nZ177). Patients presenting with
amenorrhea–galactorrhea or decreased libido were also
considered, at least for the initial analysis, in order to
avoid excluding NFMA with hyperprolactinemia related
to pituitary stalk compression. Prolactinoma was
considered unlikely if the prolactin (PRL) level was
below 150 mg/l, and this diagnosis was thereafter
formally excluded by immunocytochemical studies.
Among the 177 patients, 21 patients were not operated,
and ten patients had a follow-up lasting !6 months.
One hundred and forty-two patients who had both a
surgical resection of their pituitary tumor and bio-
chemical and imaging follow-up study for at least 6
months after surgery were finally included in this study.
At baseline, all the patients had a complete hormonal
evaluation as described (18), to verify if they had either
hypersecretion or deficiency of PRL, ACTH, GH, TSH,
FSH/LH, or free a-subunit.

We collected anthropometric, clinical, and bio-
chemical information recorded at diagnosis and reg-
ularly after surgery. Assessment of pituitary images was
made by the neurosurgeon, a neuroradiologist and an
endocrinologist who estimated the three-dimensional
size of the tumor and looked for signs of cavernous sinus
invasion. Information was also collected, about the type
of initial surgery (transcranial, nZ9; or transsphenoi-
dal, nZ133; no endoscopic neurosurgery) and number
of operations. Data concerning medical therapy
(somatostatin analogs, bromocriptine, and cabergoline)
and radiotherapy were also collected.

A variety of radiotherapy techniques and beam
energies were used, depending on the date of the
procedure: 1.25-MV rays from a 60Co source with a
three-field arrangement (left and right lateral and
anterior portals) before 1985, and 15- to 23-MV X-ray
beams produced by a linear accelerator after 1985. Since
1994, a conformal treatment planning procedure and
a 15-MV X-ray beam were used. The target volume
was defined on lateral and anterior simulation films
guided by radiological and surgical findings, and, after
1994, with contrast-enhanced CT scans, in a treatment
position guided by radiological findings. Five coplanar,
eight and seven noncoplanar fixed-beam techniques
were used successively to spare surrounding normal
www.eje-online.org
tissues. The dose was given at a rate of 1.8 Gy daily,
5 days a week.

After surgery, to establish whether pituitary disease
was cured or persistent, clinical, hormonal, and
radiological evaluations (CT scan before 1985 and
MRI thereafter) were performed at 3 months. The
diagnosis of ‘complete surgical resection’ was based on
the absence of any visible residual tumor at imaging
performed 3 months after surgery. Pituitary imaging
was then performed at 6 and 12 months during the first
year and yearly thereafter. Relapse was defined either as
recurrence of an apparently completely resected pitu-
itary tumor (no visible remnant at first postoperative
imaging) or regrowth of a surgical remnant (more than
2-mm increase in at least one diameter). Visual
evaluation was performed 3, 6, and 12 months after
surgery in patients who presented preoperative visual
field disorders. This evaluation was pursued yearly in
case of persistent visual field defects. Hormonal
assessment was also performed yearly to detect pituitary
deficiency.
Hormonal measurements

Hormonal measurements were performed using com-
mercially available kits.

Immunohistochemical analysis

Pituitary specimens were fixed in Gerard’s fluid until
1999 and in buffered formol (10%) thereafter, before
embedding in paraffin wax. Four-micrometer sections
were prepared for histological and immunocytochemi-
cal studies. All immunocytochemical analyses (FSH, LH,
a-subunit, TSH, ACTH, GH, and PRL) and the final
immunopathological classification of the NFMAs were
done, as previously described (19–22), by the same
pathologist (M K) who was blinded to the clinical data.
Complete immunohistochemical analysis was possible
in 130 cases. Positive immunostaining for LHb and/or
FSHb and/or a-subunit was considered diagnostic of
gonadotroph adenomas (subgroup 1). A diagnosis of
null cell adenoma was made when immunostaining was
negative for all studied hormones (subgroup 2).
Plurihormonal adenoma was diagnosed when immu-
nostaining was positive for two or more pituitary
hormones and at least one hormone different from
gonadotropins (subgroup 3). A diagnosis of silent
ACTH, GH, or GH/PRL adenoma was made (subgroup 4)
if immunostaining was positive for ACTH, GH, or
GH/PRL (mammosomatotroph cells) and biochemical
tests ruled out hypersecretion of these hormones.
Statistical analysis

Differences between subgroups were analyzed using
Student’s t-test for normally distributed continuous
values and the Mann–Whitney test for non normally
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Table 1 General characteristics of the 142 patients with a
nonfunctioning pituitary macroadenoma. Data are shown as
meansGS.D. (range) or as proportions of evaluable subjects (%).

All patients (nZ142)

Mean age at diagnosis (years) 53G14 (23–86)
Sex ratio (M/F) 84/58
Follow-up after surgery (years) 6.9G5.1 (0.5–30)
Maximal tumor height (mm) 26.3G9.5
Cavernous sinus invasion 64/119 (54%)
Visual field deficits 76/141 (54%)
Pituitary hormone deficits (%)

(0/1/2/3/4/5 deficits)
18/23/17/17/24/1

Surgery: TSS/TC 133/9
Postsurgical remnant 100/142 (70%)
Postsurgical radiation therapy 15/142 (11%)

TSS, transsphenoidal; TC, transcranial surgery.
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distributed continuous values. The c2 test was used for
categorical variables. The tumor relapse-free survival
probability was analyzed by a modified Kaplan–Meier
approach, accounting for competing risks as informa-
tive censoring and described by Satagopan et al. (23). In
our study, the only competing risk was death occurring
before any relapse in three patients, after time intervals
of 1.0, 4.2, and 17.5 years respectively. Survival curves
were compared between subgroups of patients by
nonparametric log-rank tests. A Cox multivariate
regression analysis was used to assess the independent
influence of specific factors on the tumor relapse rate
and to define hazard ratios for each significant
covariate. Two-sided P values below 0.05 were
considered statistically significant. The SPSS software
version 18.0 (SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses.
Table 2 General characteristics of the patients with and without
tumor relapse after surgical removal of nonfunctioning pituitary
macroadenoma.

Patients without
relapse (nZ85)

Patients with
relapse (nZ57)

Meanageatdiagnosis (years) 53.4G14.0 52.6G14.5
Sex ratio (M/F) 52/33 32/25
Follow-up after surgery

(years)
7.9G5.8 5.4G3.5*

Maximal tumor height (mm) 24.9G8.6 28.2G10.4
Cavernous sinus

invasion
34/78 (44%) 36/52 (69%)*

Postsurgical remnant 53/85 (62%) 48/57 (84%)*
Postsurgical radiation

therapy
14/85 (16%) 1/57 (2%)*

*P!0.01 versus patients without relapse.
Results

Clinical, biological, and radiological findings

The main characteristics of the patients are shown in
Table 1. A total of 142 surgically treated patients were
included, of whom 58 were women (41%) and 27 were
postmenopausal. Mean age at diagnosis was 53G14
years (females, 49G15 years; males, 56G13 years,
P!0.01). The presenting symptoms were visual
disorders in 44% of patients; decreased libido, sexual
dysfunction, and/or amenorrhea/oligomenorrhea in
29% of patients; and headache in 25% of patients.
The macroadenoma was an incidental finding in 21% of
cases, and pituitary apoplexy was the first sign in 7% of
patients. Objective defects were found by visual field
examination in 53% of patients. Preoperative deficits in
gonadotropins, TSH, and ACTH were present in 77, 47,
and 40% of patients respectively. GH deficiency was
diagnosed in 48% of patients but was not specifically
sought in all patients. Twenty-four percent of the
patients had panhypopituitarism, while pituitary
function was considered normal in 18% of cases
(Table 1). Only one patient had diabetes insipidus
preoperatively, in the context of a severe pituitary
apoplexy. No hypersecretion of ACTH, GH, or TSH was
found, including subclinical forms.

Preoperative imaging studies displayed a mean tumor
height of 26.3G9.5 mm (range 11–70 mm; median
25 mm) (Table 1). One or both cavernous sinuses were
invaded in 54% of the patients.

Surgery was performed by three skilled dedicated
neurosurgeons in France and Belgium, using the
transsphenoidal route in 133 patients (94%) and the
transcranial route in the remaining 9 (6%) because of a
large suprasellar extension. The operations were
performed urgently in 12% of cases, owing to apoplexy
or abrupt onset of loss of visual acuity or blindness.
No significant differences were found between both
centers in terms of patient and tumor’s characteristics,
surgical outcome, or relapse rate (data not shown).

Immediate postoperative radiotherapy was given
after the first operation in 15 cases (Table 1) because
of a significant remnant and/or a high risk of relapse, as
judged by the physician (on the basis of young age at
diagnosis, size of the remnant, markedly invasive tumor,
or pathological examination of the adenoma tissue
showing high proliferation index in a few cases).
The total dose ranged between 45 (used in more than
half of the patients) and 56 Gy.
Postoperative follow-up

Follow-up ranged from 0.5 to 30 years (meanGS.D.:
6.9G5.1; median: 5.5 years) (Table 1). It lasted more
than 5 years in 79 cases (56%) and more than 10 years
in 37 cases (26%). During the postoperative follow-up,
visual field normalized in 29% of patients, while it
improved in 48%, remained stable in 17%, and
deteriorated in 5%.

Hormonal evaluation at the end of the follow-up was
available in 128 patients. Deficits in gonadotropins,
www.eje-online.org
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TSH, and ACTH were present in 65, 52, and 46% of
patients respectively; GH deficiency was diagnosed in
63% of patients. Thirty-six percent of the patients had
panhypopituitarism, while pituitary function was
considered normal in 25% of cases. Compared with
preoperative hormonal evaluation, gonadotropic func-
tion improved significantly (P!0.01), while cortico-
tropic and thyrotropic function remained unchanged;
GH deficiency was more prevalent (P!0.01) after
surgery, as was diabetes insipidus (7%, P!0.001).
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Subgroup 1 (gonadotroph adenomas) accounted for
64% (83/130) of the tumors, and subgroup 2 (null cell
adenomas) accounted for 22% (29/130) of the tumors.
Subgroup 3 (plurihormonal adenomas) represented 8%
(10/130) of the tumors, and showed positive immu-
nostaining for LHb and/or FSHb and/or a-subunit
CTSHb in six cases, LHb and/or FSHb and/or
a-subunitCGH in three cases, and LHbCPRL in one
case. Subgroup 4 (silent adenomas) accounted for 6%
(8/130) of the tumors, which showed positive immu-
nostaining for GH in two cases, ACTH in four cases, and
GH/PRL in two cases.
40.00

20.00

0.00

Silent adenomas Plurithormonal
adenomas

Null cell adenomas

P
ro

ba
bi

lit
y 

of
 tu

m
0.00 5.00 10.00 15.00 20.00 25.00

Time (years)

Figure 1 (A) Kaplan–Meier estimate of tumor growth-free survival
probability in the whole study group (nZ142), after adjusting for
death before relapse as competing risk event (see Patients and
methods section). Calculated relapse rates at 5, 10, and 15 years
were 25, 43, and 61% respectively. (B) Kaplan–Meier estimates of
tumor growth-free survival probability according to the absence or
the presence of a postsurgical remnant, after adjusting for death
before relapse as competing risk event (see Patients and methods
section). Calculated relapse rates at 5, 10, and 15 years were 18,
32, and 34%, and 30, 48, and 70% in the groups without and with a
postsurgical remnant respectively (P!0.025). (C) Kaplan–Meier
estimates of tumor growth-free survival probability according to the
absence or the presence of a cavernous sinus invasion, after
adjusting for death before relapse as competing risk event (see
Patients and methods section). Calculated relapse rates at 5, 10,
and 15 years were 16, 29, and 52%, and 37, 56, and 70% in the
groups without and with cavernous sinus invasion respectively
(P!0.01). (D) Kaplan–Meier estimates of tumor growth-free
survival probability according to the absence or the presence of a
postoperative radiotherapy, after adjusting for death before relapse
as competing risk event (see Patients and methods section).
Calculated relapse rates at 5, 10, and 15 years were 30, 48, and
72%, and 0, 9, and 9% in the groups without and with postoperative
radiotherapy respectively (P!0.005). (E) Kaplan–Meier estimates
of tumor growth-free survival probability according to immunocyto-
chemical classification (1, null cell adenomas; 2, gonadotropino-
mas; 3, plurihormonal adenomas; and 4, silent ACTH, GH, or
GH/PRL adenomas), after adjusting for death before relapse as
competing risk event (see Patients and methods section).
Calculated 5-, 10-, and 15-year relapse rates were 20, 46, and 70%
in subgroup 1; 27, 38, and 55% in subgroup 2; 60, 71, and 93% in
subgroup 3; and 28 and 75% (not evaluable at 15 years)
in subgroup 4 (P!0.01).
Tumor relapse rate and predictive factors

Tumor relapse was observed in a total of 57/142
patients (40%) during a total follow-up period of 972
patient-years. These relapses were treated by a second
neurosurgery in 14 cases (24%), by radiotherapy
alone in 17 cases (30%), and by combined surgery
and radiotherapy in 14 cases (24%). The remaining
12 cases (21%) are still under close surveillance. Com-
pared with other patients, patients who relapsed had
significantly shorter follow-up (ending, by definition,
at diagnosis of relapse), more frequent cavernous sinus
invasion, more frequent incomplete surgery, and they
were less likely to have had immediate postsurgical
radiotherapy (Table 2). The overall relapse rates were
25, 44, and 64% respectively at 5, 10, and 15 years
(Fig. 1A and Table 3).

Tumor relapse was significantly associated with the
presence of a postsurgical tumor remnant: 10 (24%) of
42 patients had a true recurrence after complete
adenoma resection, and 47 (47%) of 100 patients had
a gradual increase in the size of a postoperative
remnant. The calculated relapse rates at 5, 10, and
15 years were respectively 18, 32, and 34%, and 30,
48, and 70% (P!0.025; Fig. 1B). Cavernous sinus
extension had also a negative influence on the risk of
relapse. Indeed, 36 (51%) of 70 patients with invasion
had a relapse, compared with only 16 (27%) of 60
patients without invasion (P!0.01). The 5-, 10-, and
15-year relapse rates were also higher in patients with
invasive tumors (37, 56, and 70% respectively) than in
www.eje-online.org
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Table 3 Cox multivariate analysis of factors independently
predicting relapse of nonfunctioning pituitary macroadenomas
after initial surgerya.

Variable Hazard ratio 95% CI P value

Cavernous sinus invasion 2.511 1.370–4.602 0.003
Immunocytochemistry 1.514 1.043–2.199 0.029
Postoperative remnant 1.435 0.661–3.114 0.361
Postoperative radiotherapy 0.071 0.010–0.521 0.009

aThe model included cavernous sinus invasion, postoperative remnant,
and postoperative radiotherapy as dichotomic variables, and the immuno-
cytochemical classification in four strata.
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patients with noninvasive tumors (16, 29, and 52%,
P!0.01; Fig. 1C).

Only one (6%) of the 15 subjects who received
immediate postsurgical irradiation relapsed, compared
with 56 (44%) of the 127 patients who were not
irradiated (PZ0.005); respective relapse rates at 5, 10,
and 15 years were 0, 9, and 9, and 30, 48, and 72%
(P!0.005; Fig. 1D). Interestingly, the relapse rates
differed significantly (PZ0.01) across patients with null
cell adenomas (13/29, 45%), gonadotropinomas
(28/83, 34%), plurihormonal adenomas (8/10, 80%),
and adenomas expressing hormones other than
gonadotropins (5/8, 63%). Estimated 5- and 10-year
relapse rates were respectively 20 and 46%, 27 and
38%, 60 and 71%, and 28 and 75% (Fig. 1E, P!0.01).

Other parameters such as age at initial surgery,
gender, tumor height, a pre-operative PRL level above
25 mg/l, and pre-operative medical treatment did not
predict relapse, although age over 65 years and a
pre-operative PRL level above 25 mg/l were close to
significance (PZ0.06 and 0.07 respectively). There was
also no difference in relapse rates between patients
operated by the transsphenoidal versus the transcranial
route (10-year rates of 43 and 45% respectively), nor
between patients operated before (nZ84) or after 1999
(nZ58), with estimated 10-year relapse rates of 42 and
45% respectively (NS).

In a Cox multivariate regression analysis, invasion
of the cavernous sinus, the absence of immediate
Table 4 Summary of the main results of recent studies on relapse af

No. of relapses ac
the presence of a re

Author, year (ref)
Total no. of
patients Remnant C No

Soto-Ares et al. (2002) (30) 51 13/34 (38%) 0
Greenman et al. (2003) (6) 122 41/78 (53%) 6
Dekkers et al. (2006) (7) 97 9/70 (13%) 1
Ferrante et al. (2006) (5) 226 59/153 (39%) 14
Van den Bergh et al. (2007) (31) 122 19/104 (18%) 1
Losa et al (2008) (29)a 436 48/157 (30%) 36/
O’Sullivan et al. (2009) (8) 126 53/100 (53%) 0
Present study 142 47/100 (47%) 10

RT, radiotherapy.
aFor this study, data were deduced from the reported 5- and 10-year recurrenc
radiotherapy after initial neurosurgery, and immuno-
pathological status were independent risk factors for
tumor recurrence/regrowth (Table 3). The presence of
a postoperative tumor remnant only had a significant
influence when invasion was withdrawn from the
analysis (Hazard ratio 2.1, P!0.05), suggesting that
these two factors are closely associated. The influence of
invasion and immunopathological status was still
significant when irradiated patients were excluded
from the analysis (data not shown).
Discussion

In this series of 142 surgically treated NFMA patients,
with follow-up periods ranging from 0.5 to 30 years
after surgery, the risk of tumor recurrence/regrowth
was higher in case of cavernous sinus invasion, no
immediate postoperative radiotherapy, positive immu-
nostaining for hormones other than gonadotropins, and
the presence of a postsurgical remnant.

The clinical characteristics of our patients are similar
to those reported in other studies (1, 5, 6, 24–27).
Presenting signs and symptoms were mainly related to
mass effects of the tumor, namely visual field disorders,
headache, and pituitary deficiencies (mainly gonado-
tropic). The macroadenoma was discovered incidentally
in 21% of cases, a figure very similar to that reported by
Dekkers et al. (27) but lower than that reported by
Karavitaki et al. (37.5%) (28). Unfortunately, no data on
this mode of presentation were reported by Ferrante
et al. (5), who analyzed the large Italian database of
NFPAs. It must be underlined that cavernous sinus
invasion was more frequent in our patients (54%) than
in previous series (33–52%) (6, 7, 12, 27). This might
be related to underestimation of invasive status in
patients who did not undergo surgery or who were
studied with older, less precise imaging procedures
(CT rather than MRI); explanation could be also related
to the definition of the invasive status.
ter surgery of nonfunctioning pituitary macroadenomas.

cording to
mnant (%)

No. of relapses according to
postoperative RT (%)

remnant RT C No RT
Mean (range)

follow-up (years)

/17 (0%) – 13/51 (26%) 5.6 (2–12)
/30 (20%) 5/14 (35%) 47/108 (43%) 4.2 (1–11)
/27 (4%) 0/6 (0%) 11/91 (11%) 6.0 (1–14)
/73 (19%) 14/76 (18%) 59/150 (39%) 5.7 (2–28)
/18 (6%) 4/79 (5%) 17/43 (40%) 6.8 (0.5–20)
279 (13%) 1/81 (1%) 216/355 (61%) 4.4 (2–8)
/26 (0%) – – 5.7 (1–25)
/42 (24%) 1/15 (6%) 56/127 (44%) 6.9 (0.5–30)

e rates.
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Postoperative remnants were present in 70% of our
patients and were strongly associated with relapse, as
reported elsewhere (5–8, 29–31). Complete resection of
these NFMAs is often impossible, even for experienced
surgeons. In previous studies, excision was reported to
be incomplete in between 51 and 72% of cases (5–7, 30).
Reported relapse rates vary from one study to another,
and also depend on both the length of follow-up and
the number of patients studied. An analysis of some of
these studies shows that the absence of residual tumor
after surgery and postoperative radiotherapy are
invariably associated with lower risks of relapse
(Table 4) (5–8, 30, 31). Indeed, 32% of patients who
had a postoperative tumor remnant experienced
regrowth within 2.2–6.3 years, whereas only 8% of
patients with no tumor remnant experienced recur-
rence after 5.0–6.5 years. These figures are somewhat
lower than in our study, most likely because follow-up
was longer than in most previous studies. Interestingly,
we found that incomplete surgery no longer had
independent predictive value when sinus invasion was
included in the analysis, suggesting that these two
factors are closely related.

Cavernous sinus invasion was a strong independent
predictive factor of recurrence/regrowth, as in previous
studies (6, 32). However, invasive status is sometimes
very difficult to determine, and dural biopsy during
surgery is not routinely performed. In addition,
microscopic dural invasion has been noted by some
pathologists in the vast majority of macroadenoma
patients with suprasellar extension (33), but its
influence on the risk of relapse is uncertain (34).

An important new finding in our study is the
influence of immunostaining characteristics on the
risk of NFMA recurrence/regrowth, plurihormonal
adenomas and silent ACTH or GH/PRL adenomas
relapsing more frequently than gonadotropinomas and
null cell adenomas. Plurihormonal immunostaining
has previously been linked to more aggressive pituitary
tumors. Indeed, silent subtype 3 tumors, which are
plurihormonal, have been described as rare and
aggressive (35). This subtype was first included in the
WHO classification in 2004 (36–39), based on two
major advances: first, better understanding of cell
differentiation pathways and second, development of
new specific MABs allowing more accurate classi-
fication (36). More aggressive behavior (including a
higher relapse rate) has been reported for silent
corticotroph adenomas (40, 41) but not for silent GH
or GH/PRL adenomas.

We also confirm that immediate postoperative
radiation therapy is independently associated with a
much lower risk of recurrence/regrowth. Moreover,
the relapse rate increased gradually during follow-up
in patients who were not irradiated, reaching 72% after
15 years, whereas it plateaued at 9% after 10 years in
irradiated patients. However, although radiotherapy
is clearly effective in preventing recurrence/regrowth in
www.eje-online.org
this setting (5–7, 11, 31, 42, 43) (Table 4), its place
in the management of patients with pituitary tumors is
controversial. Indeed, radiotherapy, at least when
delivered with conventional modalities, carries a risk
of hypopituitarism, secondary brain tumors, stroke, and
possibly neurocognitive or neuropsychological impair-
ment (13, 17, 44). We observed no neurological adverse
effects in this series, likely because conformational
fractionated irradiation was used in the majority of
cases. Park et al. (45) in a retrospective study of NFMA
indicated that immediate postoperative radiotherapy
may be eliminated for patients with complete or near
complete resection of the adenoma who undergo long-
time close follow-up. New techniques such as g-knife
radiosurgery may have fewer adverse effects (46) but
their use in NFMA patients is often restricted by the
large size of the remnants or their location very close to
the optic tract.

One limitation of this study is the lack of data on the
Ki67 proliferation factor expression (47). Unfortunately,
owing to the nature of the fixation process used in the
early years of this study, it was not possible to study this
immunohistochemical marker in many of our tumor
specimens. We are thus unable to either confirm or not
the correlation between Ki67 immunostaining and the
risk of recurrence, found in some studies (48–50) but
not in others (51–53).

In conclusion, in this large study of 142 operated
nonfunctioning pituitary adenomas with a significant
follow-up, we were able to demonstrate that the risk of
relapse was significantly higher in patients with positive
immunostaining for multiple hormones or hormones
other than gonadotropins. The presence of cavernous
sinus invasion and the absence of postoperative
radiation therapy were also independent risk factors
for tumor relapse. Our results show that radical surgical
resection of NFMAs markedly lowers the risk of relapse.
If surgery is incomplete, it remains to be confirmed
whether radiotherapy should be performed immediately
or can be postponed. Histological or molecular markers
(54) for tumors at a very high risk of recurrence/
regrowth would help to avoid unnecessary irradiation.
Finally, long-term surveillance is needed for all patients
with these tumors.
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