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Background: Most pituitary neuroendocrine tumors (PitNETs) show benign behavior, but a sub-
stantial number are invasive, recur, or resistmedical treatment. Based ona retrospective case-control
study, we recently proposed a classification of PitNETs of prognostic relevance. This prospective study
aims to test the value of this classification in an independent patient cohort.

Methods: All patients who underwent PitNET surgery from 2007 to 2012 in one single center were
included. Using a grading system based on invasion on magnetic resonance imaging, immunocy-
tochemical profile, Ki-67, mitotic index, and p53 positivity, tumors were classified. Progression-free
survival of the graded tumors was calculated by the Kaplan-Meier method and compared using the
log-rank test. A multivariate analysis, using a Cox regression model, was also performed.

Results: In total, 365 patients had grade 1a PitNETs (51.2%), followed by grade 2a (32.3%), 2b
(8.8%), and 1b tumors (7.7%). Of 213 patients with a follow-up, 42% had recurrent (n = 52) or
progressive disease (n = 37) at 3.5 years. Grade was a significant predictor of progression-free
survival (P, 0.001).Multivariate analysis indicated grade (P, 0.001), age (P=0.035), and tumor type
(P = 0.028) as independent predictors of recurrence and/progression. This risk was 3.72-fold higher
for a grade 2b tumor compared with grade 1a tumor.

Conclusions:Our data suggest that classification of PitNETs into five grades is of prognostic value to
predict postoperative tumor behavior and identifies patients who have a high risk of early re-
currence or progression. It therefore will allow clinicians to adapt their therapeutic strategies and
stratify patients in future clinical trials. (J Clin Endocrinol Metab 102: 3368–3374, 2017)

Pituitary neuroendocrine tumors (PitNETs) (1) are the
second most common primary brain tumors (15.5%

of all types) (2). These tumors, clinically classified into
functioning and nonfunctioning, are considered benign.
However, 30% to 45% invade the cavernous or sphenoid
sinus (3, 4), and at least 15% are regarded as clinically
aggressive based on their resistance to conventional
treatment or recurrence during follow-up (5, 6).

The World Health Organization 2004 classification
proposed the term “atypical adenoma” for pituitary
endocrine tumors showing “borderline or uncertain be-
haviour” (7) and define these tumors as having “atypical
morphological features suggestive of aggressive be-
haviour such as invasion growth. Other features in-
cluded elevated mitotic index and a Ki-67 labeling
index greater than 3%, as well as extensive nuclear p53
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immunostaining.” Because of these vaguely defined
criteria, the reported incidence of atypical adenoma
varies widely, ranging from 2.9% (8) to 18.7% (9).
Moreover, the few small studies that examined the
prognostic usefulness of this classification delivered
controversial results (4, 8–12).

To improve the prognostic assessment of PitNET se-
ries, we recently proposed a classification that stratifies
resected PiNET patients into five grades, which consider
the combination of invasion, proliferative markers (mi-
tosis, Ki-67), and p53 expression. Grade 1a is defined as
noninvasive, grade 1b as noninvasive but proliferative,
grade 2a as invasive, grade 2b as invasive and pro-
liferative, and grade 3 as metastatic. In this large case-
control study that included all pituitary tumor subtypes,
we demonstrated that grade 2b tumors had a poor
prognosis with a 12-fold increased probability of tumor
progression compared with grade 1a tumors (13). This
risk classification was a major step forward toward a
more personalized treatment of PitNETs (6, 14, 15), but
as it was based on a retrospective study, its prognostic
value needs to be confirmed in a prospective independent
cohort. This was the aim of the current study.

Materials and Methods

Patients
Patients with a diagnosis of PitNET were identified from the

pathological register of the Hospices Civils de Lyon, France
(Centre de Pathologie et de Biologie Est, Groupement Hospi-
talier Est, Lyon). Among these, all patients having been operated
on for the first time (i.e., not recurrence) by a single expert
neurosurgeon (E.J.) in the regional referral center of Lyon
(Hospices Civils de Lyon) from February 2007 to October
2012 were included. Patient information, including sex, age at
surgery, preoperative and postoperative hormonal data,
postoperative treatments, and relevant medical events, was
recorded in a local database (PITUICARE-Lyon, registered
with the French data protection agency CNIL, 16-021, and
clinicaltrials.org, NCT02854228). All patients underwent
magnetic resonance imaging (MRI) at the time of diagnosis
and prior to surgery to determine the tumor size and to classify
them as microadenomas (diameter ,1 cm), macroadenomas
(1 to 4 cm), or giant adenomas (.4 cm). Tumor invasion was
evaluated on the preoperativeMRI for all patients. Invasion of
the cavernous sinus but not the suprasellar expansion was
considered. Sphenoid sinus invasion was taken into account
only if it was peroperatively confirmed by the surgeon and/or
by histology. Hormonal levels were measured before surgery,
1 to 3 months and 1 year after surgery, and then yearly.
Postoperative MRI was performed 3 months postsurgery and
then every 6 to 12 months according to the presence of
residual tumor.

Pituitary tumors
For each tumor, fragments were fixed in zinc-formalin and

embedded inparaffin forpathological diagnosis. The immunoprofile

was determined by automated immunostaining using antibodies
against adrenocorticotropic hormone, growth hormone, pro-
lactin, b–follicle-stimulating hormone, b–luteinizing hormone,
and b–thyroid-stimulating hormone (13). The plurihormonal tu-
mors were classified according to the prevailing hormone ex-
pression. The proliferative activity of each tumor was assessed on
the basis of number of countedmitoses and theKi-67 index (13). In
addition, p53 nuclear staining was analyzed. Cells from 10 rep-
resentative high-power fields of 0.30 mm2 (3400 magnification)
per tumor were counted with an average count of 5000 nuclei. Ki-
67 labeling was expressed as a maximum percentage and mitoses
by their absolute number. The detection of p53 was considered
positive if .10 strongly positive nuclei per 10 high-power fields
were recorded (13).

Classification of the tumors
All tumors were classified based on a combination of criteria:

MRI features (tumor size and invasion) and immunocytological
characteristics (immunosubtype, Ki-67 index, mitotic count,
and p53 positivity) (13). This led to the stratification of the
tumors into five grades: grade 1a, noninvasive; grade 1b,
noninvasive and proliferative; grade 2a, invasive; grade 2b,
invasive and proliferative; and grade 3, metastatic (Table 1). All
tumors were assessed and classified independently by two pa-
thologists (J.T. and A.V.).

Definition of progression-free survival
Patients in complete remission showing no evidence of

disease during follow-up (no clinical symptoms, normal plasma
hormone levels, and no visible radiological tumor remnant)
were considered controlled. Patients with postoperatively active
disease (increased plasma hormone levels with or without
radiological evidence of a tumor) but controlled by medical
treatment during follow-up were considered controlled. For
progression-free survival analysis, patient follow-up started
1 year after surgery. Patients were followed until tumor re-
currence or progression or, for right-censored patients, until
their last visit. Recurrence was defined as an increase in
plasma hormone levels with or without radiological evidence
of a tumor mass after previous remission in secreting PitNETs
and appearance of tumor mass in gonadotroph PitNETs.
Tumor progression was defined as evidence of regrowth of
residual tumor on MRI and/or an increase in plasma hor-
mone levels.

Statistical analysis
For the different grades, invasion, and the immunocyto-

chemical profile, progression-free survival was estimated using

Table 1. Definition of Tumor Grade

Proliferation

Invasion

No Yes

No 1a 2a
Yes 1b 2b

Invasion is defined as radiological (MRI) signs of cavernous or sphenoid
sinus invasion. Proliferation is considered based on the presence of at
least twoof the following three criteria:mitoses, n. 2 per 10 high-power
fields; Ki-67, $3%; p53, positive (.10 strongly positive nuclei per 10
high-power fields).
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the Kaplan-Meier method. The progression-free survival curves
obtained for grades were compared using the log-rank test; pa-
tients withmissing data for the grade and thyrotroph tumors were
excluded from this analysis.Multivariate progression-free survival
analysis was performed using a Cox regression model. Factors
considered a priori were tumor size (microadenoma vs macro-
adenoma and giant adenoma), immunosubtype, age, sex, invasion,
and proliferation. Hazard ratios (HRs) and 95% confidence in-
tervals (CIs) were calculated for each parameter. Patients with
missing data for the previously described factors and patients with
thyrotroph tumors were excluded from analyses. A multiplicative
model without interaction terms between the type and the grade
components (invasion and proliferation) was fitted. A non-
multiplicative joint effect of invasion and proliferation was tested
by introducing an interaction term between these two components
of the grade.Nestedmodelswere compared using the log-rank test.
In all statistical tests (two-tailed), P values ,5% were considered
significant, except for interaction tests for which a threshold of
10% was retained. All analyses were performed using R software
(http://www.R-project.org/).

Results

Patient and tumor characteristics
The flowchart of the study is presented in Fig. 1.

Among the 405 patients identified, 31 were excluded: 3

for lack of available pathological classification due to
tumor apoplexia and 28 for second surgery of recurrent
tumors (the first surgery had occurred before the study
period). The study population included 374 patients (194
women and 180 men), and the mean 6 standard de-
viation age at surgery was 51.96 15.8 years. FromMRI
classification, 82.1% were macroadenomas, 4.3% giant
adenomas, and 13.6% microadenomas. Invasion of the
cavernous sinus and/or sphenoid sinus was evident for
41.1% of cases. Patients most frequently had gonado-
troph tumors (n = 185, 49.5%), followed by somatotroph
(n = 90, 24.0%), corticotroph (n = 52, 13.9%), and
lactotroph (n = 43, 11.5%; Table 2) tumors.

Among the 365 tumors for which grade was available
(grade was not evaluable for nine tumors due to missing
data regarding invasion or pathological markers), grade
1a tumors were the most frequent (51.2%), followed by
grades 2a (32.3%), 2b (8.8%), and 1b (7.7%). Of the 60
proliferative tumors (grades 1b and 2b), 48 of 60 (80.0%)
had two proliferative markers, and 12 of 60 (20%) had
three proliferative markers. For tumors with only two
proliferative markers, Ki-67 .3% (45/48 cases; 93.8%)
was associated with p53 positivity in 38 tumors and el-

evated mitosis number in 7 tumors. As-
sociation of p53 positivity and elevated
mitosis number was presented in only
three tumors (Supplemental Table 1).

For grade 1a and 2a tumors (n =
305), only one marker was present in
66 tumors (Ki-67 $3%: n = 29, 9.5%;
mitotic count.2: n = 9, 3.0%; p53: n =
28, 9.2%). A total of 239 tumors did
not present any proliferative marker
(information for one marker was miss-
ing for 17).

Progression-free survival
From the initial cohort, 240 patients

were followed in our center (134 pa-
tients were followed by other centers).
Among these, 20 underwent adjuvant
radiation therapy during the first
postoperative year, including 5 corti-
cotroph tumors, 10 gonadotroph tu-
mors, 4 somatotroph tumors, and 1
thyrotroph tumor. These tumors were
invasive macroadenomas (n = 15) or
giant tumors (n = 5) that were classified
as grade 2a (n = 11) or 2b (n = 9), and
all were excluded from the progression-
free survival analysis. The mean 6
standard deviation length of follow-up
was 3.5 6 1.9 years. Among the 213Figure 1. Study flowchart. TSH, thyroid-stimulating hormone.
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patients analyzed (Fig. 1), 89 experienced an event during
follow-up (41.8%); this was a recurrence for 52 and a
progression for 37.

The Kaplan-Meier progression-free survival curves
obtained for different grades [Fig. 2(a)], invasion [Fig.
2(b)], and the immunocytochemical profile [Fig. 2(c)] were

statistically different (log-rank test, P , 0.001 for grade
and invasion, and P = 0.007 for immunocytochemical
profile). For the grade, the differences were mainly due to
the effect of invasion (comparison of curves of grades 1a
and 2a), with the effect of proliferation (grades 1a vs 1b)
being lower than the one of invasion [Fig. 2(a)].

Table 2. Clinical and Tumor Characteristics

Characteristic Total (N = 374) Follow-Up Cohort (n = 240) Absence of Follow-Upa (n = 134)

Age (y), mean 6 SD 51.9 6 15.8 50.2 6 16.0 55.0 6 14.9
Length of follow-up (years), mean 6 SD 2.5 6 2.1 3.5 6 1.9 0.33 6 0.17
Number of missing data 19 0 19
Sex, n (%)
Male 180 (48.1) 114 (47.5) 66 (49.3)
Female 194 (51.9) 126 (52.5) 68 (50.7)

Tumor size, n (%)
Microadenoma 51 (13.6) 33 (13.7) 18 (13.4)
Macroadenoma 307 (82.1) 197 (82.1) 110 (82.1)
Giant adenoma 16 (4.3) 10 (4.2) 6 (4.5)

Tumor type, n (%)
Lactotroph 43 (11.5) 27 (11.3) 16 (11.9)
Gonadotroph 185 (49.5) 114 (47.5) 71 (53.0)
Corticotroph 52 (13.9) 34 (14.2) 18 (13.4)
Somatotroph 90 (24.0) 63 (26.2) 27 (20.2)
Thyrotroph 4 (1.1) 2 (0.8) 2 (1.5)

Classification, n (%)b

1a 187 (51.2) 109 (46.4) 78 (60.0)
1b 28 (7.7) 18 (7.6) 10 (7.7)
2a 118 (32.3) 82 (34.9) 36 (27.7)
2b 32 (8.8) 26 (11.1) 6 (4.6)

Abbreviation: SD, standard deviation.
aFollow-up ,1 year.
bMissing for nine patients.

Figure 2. Kaplan-Meier progression-free survival analysis according to (a) the different tumor grades, (b) invasion, and (c) the immunocytochemical
profile. There was a significant difference between progression-free survival curves: log-rank tests were P , 0.001 for grade and invasion and P = 0.007
for immunocytochemical profile. On the x-axis, time 0 years corresponds to 1 year postsurgery. Crosses on the progression-free survival curves represent
censored patients.
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Results of the multivariate Cox analysis are presented
in Table 3. Age (P = 0.035), tumor type (P = 0.028), and
grade (P , 0.001) were significantly associated with the
risk of recurrence/progression, whereas sex and initial
tumor size were not. No interaction between the two
grade components (invasion and proliferation) was
found (P = 0.119). Irrespective of tumor type, grade 2b
was associated with the risk of recurrence/progression
with respect to grade 1a tumors (HR, 3.72; 95%CI, 1.90
to 7.26). Among the grading components, invasion was
significantly associated with recurrence for grade 2a (HR,
2.98; 95% CI, 1.89 to 4.70), whereas proliferation was
not significantly associated with prognosis for grade 1b
(HR, 1.25; 95% CI, 0.73 to 2.13).

Discussion

This prospective study validates the prognostic value of
our proposed clinicopathological classification in a large
cohort with a long postoperative follow-up. Tumor grade
proved to be a significant predictor of recurrence and/or
progression. Grade 2b tumors, representing;10% of all
surgically treated pituitary tumors, had a 3.7-fold in-
creased risk of recurrence or progression compared with
grade 1a tumors.

The classification relies on two basic criteria: invasion
assessed by MRI and proliferation, determined by
morphology. Invasion of surrounding structures, such as
the sphenoid or cavernous sinus, was strongly associated
with poor postoperative prognosis. Whether extension of
the tumor is a consequence of its biological properties or
due to the fact that the medial wall of the cavernous sinus
is extremely thin is still a matter of debate (16). The

association of many markers with invasion and aggres-
siveness suggests that the biological properties of the
tumor may determine invasion (17–19). Furthermore,
invasion is recognized as being the major criterion for
surgical failure to remove the entire tumor (20), yet
persistence of postoperative residual tumors has been
reported not to predict the risk of progression or re-
sistance to medical treatment (for lactotroph or soma-
totroph tumors) (21–23). This indicates that additional
risk factors have to be considered. The use of morpho-
logical markers for determining the prognosis of PitNETs
has produced controversial data. The reason for this is
probably that various cutoffs for the Ki-67 index, ranging
from 1.3% (7, 24) to 10% (14) and sometimes adapted to
tumor subtype (25), were applied to identify tumors with
high risk of recurrence. Furthermore, most studies were
based on a limited number of cases, an expert opinion
(14), and retrospective analysis. Ki-67 index alone has
been regarded as insufficient to predict tumor behavior.
The prognostic value of the immunopositivity for p53, a
criterion of theWorldHealthOrganization classification,
has also been debated because a reliable method of
quantification was missing (6). Recent studies, however,
defined p53 staining as positive if.10 nuclei per 10 high-
power fields were strongly labeled (8, 13, 24, 26). In the
current study, we demonstrate that a Ki-67 index .3%
has amajor impact on PitNET prognosis. First, this Ki-67
value was found in the majority of proliferative grade 1b
and 2b tumors and only rarely in nonproliferative grade
1a and 2a tumors. Second, p53 positivity was much more
frequent in tumors with Ki-67 $3% (83.3%) than in
those with a Ki-67,3% (11.7%; Supplemental Table 2).
The frequency of grade 2b tumors in our series is within

Table 3. Factors Associated With Recurrence/Progression-Free Survival

Characteristic Patients (n = 213) HR (95% CI) P Valuea

Age (y), mean 6 SD 50.4 6 16.3 0.98 (0.97–1.00) 0.035
Sex, n (%) 0.312
Male 97 (45.5) 1.00
Female 116 (54.5) 0.79 (0.50–1.25)

Tumor size, n (%) 0.419
Microadenoma 33 (15.5) 1.00
Macroadenoma/giant adenoma 180 (84.5) 1.34 (0.65–2.76)

Tumor type, n (%) 0.028
Lactotroph 27 (12.7) 1.00
Gonadotroph 100 (47.0) 0.57 (0.28–1.15)
Corticotroph 28 (13.1) 0.45 (0.19–1.08)
Somatotroph 58 (27.2) 1.07 (0.56–2.06)

Classification, n (%) ,0.001
1a 108 (50.7) 1.00
1b 18 (8.5) 1.25 (0.73–2.13)
2a 71 (33.3) 2.98 (1.89–4.70)
2b 16 (7.5) 3.72 (1.90–7.26)

Abbreviation: SD, standard deviation.
aP values were calculated from likelihood ratio tests.
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the range reported for “atypical adenoma” (2.9% to
18.7%), as defined by the World Health Organization
classification (4, 9, 11, 12). Tumors operated upon for
recurrence (which are included in most other studies)
were excluded from the current study (n = 28), although
many were grade 2b tumors (n = 11). This also underlines
that the group of recurrent PitNETs needing second
surgery contains many grade 2b tumors.

The mean follow-up of 3.5 years might be considered
short since pituitary tumors can take many years before
recurrence or regrowth. However, despite this apparent
short follow-up period, we were able to identify a group
of tumors with higher risk of recurrence/progression that
could be considered the more aggressive tumors. Longer
follow-up would allow the identification of tumors with
late recurrence that could occur for each subgroup, yet
the results do allow the identification of more aggressive
tumors that may benefit from an intensive therapeutic
strategy (i.e., radiation therapy) or closer follow-up.

Despite the high remission rate 1 year after the op-
eration (172/213, 80.6%; Supplemental Table 3) in our
cohort, the incidence of recurrence/progression (despite
medical treatment) was elevated during follow-up. Initial
remission did not predict long-term prognosis. Similar
results have been published by Tampourlou et al. (27)
in a retrospective study of a cohort of clinically non-
functioning PitNETs with a recurrence rate of 31% and,
more important, a second regrowth rate of 35.3% at 5
years with a lower risk of recurrence in case of radio-
therapy. The authors did not find predictive factors of
recurrence, but pathological data were not analyzed. This
study underlined that a standardized prognosis classifi-
cation is needed to allow an early identification of pa-
tients with a high risk of recurrence and aid decision
making for all clinicians involved in the management of
these patients. The risk classification used herein may be
further refined by additional studies considering tumors
that are rarer than those included herein. Some authors
believe that only certain morphological subtypes are
prone to aggressive behavior (such as Crooke cell tumor,
silent corticotroph tumor, silent subtype 3 tumors) (6,
28). This assumption is based on the high incidence of
silent corticotroph tumors among the pituitary carcino-
mas, most of them published as case reports. Silent
corticotroph tumors represent ,10% of all corticotroph
tumors (29), silent somatotroph tumors represent 2% of
surgical series (30), and other subtypes are even rarer.
Focusing attention on some rare subgroups of PitNETs
will not help clinicians treat the majority of these tumors.

In conclusion, this prospective study confirms the
usefulness of our previously proposed classification and
may now allow clinicians to adapt their therapeutic
strategies according to prognosis, and it may also be used

to stratify patients and evaluate therapeutic efficacy in
future clinical trials. Further progress can be expected,
particularly if an improved understanding of molecular
abnormalities associated with pituitary tumorigenesis
generates better biomarkers.
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