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adenomas: a multicentric case–control study of 410 patients
with 8 years post-operative follow-up
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Abstract Pituitary adenomas are currently classified by

histological, immunocytochemical and numerous ultra-

structural characteristics lacking unequivocal prognostic

correlations. We investigated the prognostic value of a new

clinicopathological classification with grades based on

invasion and proliferation. This retrospective multicentric

case–control study comprised 410 patients who had surgery

for a pituitary tumour with long-term follow-up. Using

pituitary magnetic resonance imaging for diagnosis of cav-

ernous or sphenoid sinus invasion, immunocytochemistry,

markers of the cell cycle (Ki-67, mitoses) and p53, tumours

were classified according to size (micro, macro and giant),

type (PRL, GH, FSH/LH, ACTH and TSH) and grade (grade

1a: non-invasive, 1b: non-invasive and proliferative, 2a:

invasive, 2b: invasive and proliferative, and 3: metastatic).

The association between patient status at 8-year follow-up
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and age, sex, and classification was evaluated by two multi-

variate analyses assessing disease- or recurrence/

progression-free status. At 8 years after surgery, 195 patients

were disease-free (controls) and 215 patients were not

(cases). In 125 of the cases the tumours had recurred or pro-

gressed. Analyses of disease-free and recurrence/

progression-free status revealed the significant prognostic

value (p \ 0.001; p \ 0.05) of age, tumour type, and grade

across all tumour types and for each tumour type. Invasive

and proliferative tumours (grade 2b) had a poor prognosis

with an increased probability of tumour persistence or

progression of 25- or 12-fold, respectively, as compared to

non-invasive tumours (grade 1a). This new, easy to use

clinicopathological classification of pituitary endocrine

tumours has demonstrated its prognostic worth by strongly

predicting the probability of post-operative complete remis-

sion or tumour progression and so could help clinicians

choose the best post-operative therapy.

Keywords Classification � Pituitary tumour �
Pituitary adenoma

Introduction

Pituitary tumours arising from the adenohypophyseal cells

have a prevalence of 1/1,500 [7, 10] and are one of the

most frequent of all intracranial tumours. Generally benign,

these tumours are associated with endocrine and non-

endocrine signs and are clinically classified into function-

ing and non-functioning tumours. Many of these tumours

(30–45 %) are invasive [31, 49] and some are clinically

aggressive (review in [30, 37]). Commonly, the aggressive

tumours are multirecurrent and resistant to multimodal

therapy including surgery and radiotherapy. The early

identification of such aggressive tumours may allow a

timely intensive treatment that might prevent clinical

recurrence or metastasis. In such cases, radiotherapy may

prove useful in controlling tumour growth. In addition,

some therapeutic agents such as temozolomide have shown

potential in the early treatment of pituitary carcinomas and

aggressive tumours [34–38]. To date all pathological

classifications [2, 24, 25, 47, 51, 54, 56] have classified

pituitary tumours by immunocytochemistry into GH, PRL,

FSH/LH, ACTH, TSH, plurihormonal and null cell ade-

nomas and into a dozen of ultrastructural subtypes. The

most recent 2004 WHO classification [27] classified all

benign tumours as typical adenoma (ICD-0 8272/0) while

atypical adenoma (ICD-0 8272/1) included all tumours

showing borderline or uncertain behaviour. These tumours

have ‘‘atypical morphologic features suggestive of

aggressive behaviour such as invasive growth. Other fea-

tures include an elevated mitotic index and a Ki-67

labeling index greater than 3 %, as well as extensive
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nuclear staining for p53 immunoreactivity’’. The pituitary

carcinomas (ICD-0 8272/2) are the only rare malignant

tumours (0.2 %), which display systemic or cerebrospinal

metastases [17, 21, 50]. Although proliferation, p53

detection and invasion were mentioned as criteria of the

‘‘atypical adenoma’’, due to the lack of histological signs,

the invasion was not systematically taken into account in

this classification. Some experts have pointed out that the

2004 WHO classification did not account for invasive

status [61] and that its numerous ultrastructural subtypes

were confusing [11]. In addition, no attempts have yet been

made to assess clinical correlations with post-operative

results, progression and recurrence [11, 16, 26, 62]. The

prediction of pituitary tumour behaviour remains an

important challenge for pathologists.

To address this issue, we initiated this retrospective,

multicentric case–control study in a large number of

patients with long post-operative follow-up to evaluate the

prognostic value of a new clinicopathological classification

of pituitary tumours with five types based on immunocy-

tochemical characteristics (GH, PRL, ACTH, FSH/LH and

TSH) and five grades taking into account magnetic reso-

nance imaging (MRI) and histological data concerning

invasion and proliferation. The value of this classification

in predicting disease-free and recurrence/progression-free

status at 8 years post surgery was evaluated by multivariate

analyses.

Materials and methods

Patients

This French collaborative study on prognostic factors of

pituitary tumours (PHRC 27-43, HYPOPRONOS) was

conducted in nine hospitals with, in each centre, a senior

endocrinologist, a neurosurgeon and a pathologist.

Patients were identified from the pathological register of

each centre. Unfortunately, 45 % had to be excluded due to

incomplete clinical and radiological data or absence of

long-term follow-up. Moreover, because of the design of

the study (a case–control study), the number of controls

needed to match the number of cases selected based on the

post-operative results. The 410 patients included were

operated on between 1987 and 2004 via the transphenoidal

route by nine experienced (performing[50 transphenoidal

surgical interventions per year) neurosurgeons [3]. Patient

information including sex, age at surgery, pre and post-

operative hormonal data, post-operative treatments and

relevant medical events were recorded. All included

patients underwent MRI at the time of diagnosis, prior to

surgery and every year for at least 8 years after surgery.

Tumour size was determined by MRI before surgery and

the tumours then classified as microadenomas (diame-

ter \ 1 cm), macroadenomas (1–4 cm) or giant adenomas

([4 cm). The tumour volume (height 9 length 9 width/2)

was estimated in 379 patients. Tumour invasion was

evaluated on the pre-operative MRI for all patients. Inva-

sion of the cavernous sinus was considered when the

percentage of encasement of the internal carotid artery by

the tumour was 67 % or greater [6], or for grades 3 or 4 of

Knosp’s classification [23]. According to Hardy’s neuro-

radiological classification, tumours with a suprasellar

expansion that were frequently lined by non-tumoral pitu-

itary (Fig. 1) were not considered as invasive [1]. Sphenoid

sinus invasion was only defined if it was per-operatively

confirmed by the surgeon and/or by histology (Fig. 1).

Hormone levels were measured before surgery, 1 year after

surgery and then every year for at least 8 years. Two

hundred and thirty-four (57 %) patients were exclusively

treated by surgery; the remaining 176 (43 %) patients

received anti-tumoral treatment post-operatively.

Case–control study design

The principal analysis (disease-free at 8 years post surgery)

compared patients with (cases) to those without (controls)

evidence of disease during the 8-year follow-up. Patients

with disease (increased plasma hormone levels, with or

without radiological evidence of a tumour) or presenting

recurrence or progression within the 8 years following

surgery were considered as ‘‘cases’’. Patients in complete

remission who showed no evidence of disease during the

8-year follow-up (no clinical symptoms, normal PRL, GH

or IGF1, ACTH and cortisol levels, and no visible radio-

logical tumour remnant) were considered as ‘‘controls’’.

Patients with non-immunoreactive tumours (null cell ade-

noma) or non-functioning FSH/LH tumours were

considered as cases only if tumour recurrence or progres-

sion was observed on MRI during the follow-up period.

The complementary analysis (recurrence/progression-

free at 8 years post surgery) compared patients with

recurrence or progression to those without recurrence or

progression during the 8-year follow-up. The cases were

patients who showed evidence of disease post-operatively

and in whom recurrence or progression of the tumour had

occurred during the follow-up. The controls were either

disease-free patients or patients for whom a stable remnant

was observed on MRI. Tumour progression was defined as

evidence of an increase in plasma hormone levels and/or the

regrowth of the tumour on MRI. Recurrence was defined as

an increase in plasma hormone levels with or without
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radiological evidence of a tumour mass, after a previous

remission or regrowth of the tumour after total removal.

The studies were approved by the ethics committee of

Lyon and informed consent was obtained from each patient

in accordance with French law.

Pituitary tumours

For each tumour, fragments were fixed in Bouin-Hollande

and/or formalin fixative and embedded in paraffin for

pathological diagnosis. Other fragments of 120 tumours

Fig. 1 Radiological and histological criteria for classification of

pituitary endocrine tumours. Preoperative MRI of two pituitary

adenomas: non-invasive microadenoma (a), macroadenoma with

invasion of the left cavernous sinus (d). The suprasellar expansion

was not considered as invasion. Coronal sections after gadolinium.

Histological characteristics: ACTH adenoma bordered by the normal

pituitary (NP). All tumour cells are positive with anti-ACTH

antibodies (b). GH adenoma invading the respiratory mucosae (RE
respiratory epithelium); 80 % of the cells are positive with anti-GH

antibodies (e). Ki-67 index at 0.4 % (c), Ki-67 index at 4 % (f).
Immunoperoxidase reaction, bar 100 lm. For clarification, tumour 1

was classified as follows: ACTH (b) non-invasive microadenoma

(a) without proliferation: Ki-67 0.4 % (c); mitosis = 0; p53 = 0 (not

shown); Grade 1a. Tumour 2 could be classified as follows: GH

(e) invasive macroadenoma (d, e) grade 2b if three markers

Ki-67 = 4 % (f), mitoses n = 3 and p53 positive (not shown) are

present, or grade 2a if only one marker Ki-67 = 4 % (f) is present and

mitoses n = 1 and p53 is negative (not shown)
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were frozen immediately and stored at -80 �C (Neuro-

biotec Bank, Lyon, France).

The pituitary tumours were provided by the different

pathology departments and for each a data set including

macroscopic and microscopic features as well as cell pro-

liferation and immunocytological profiles was provided.

Standardised immunoperoxidase studies were performed in

each pathology laboratory and were duplicated in the ref-

erence laboratory in Lyon in a small number (n = 12) of

equivocal cases and in particular for tumours classified as

null cell adenomas instead of FSH–LH adenomas or as

plurihormonal (GH–PRL) due to use of a non-specific PRL

antibody in one laboratory. As detailed in a previous

publication [57], the immunoprofile was ascertained using

ACTH, GH, PRL, beta-FSH, beta-LH and beta-TSH anti-

bodies. The plurihormonal tumours were classified

according to the hormone status of the cell component

showing the highest percentage immunoreactivity.

For each tumour the proliferative rate was evaluated by

the detection of mitoses and Ki-67 (Mib1, 1/50, Dako,

Glostrup, Denmark). The expression of p53 (clone DO-7,

1/200, Novocastra Laboratories, Newcastle upon Tyne,

UK) was also studied. The p53 and Ki-67 immunostaining

was performed on new sections after microwave pre-

treatment [57] in a Benchmark XT automate (Ventana

Medical System, Tucson, AZ, USA) in the laboratories in

Lille and Lyon. Fifty tumours chosen at random were

duplicated in the department of pathology in Marseille to

confirm the reproducibility of the automated immunocy-

tochemical detection and the evaluation of the Ki-67 index

and p53 detection. Cells from ten representative high

power fields (HPF of 0.30 mm2, 4009 magnification)

per tumour were counted with an average count of

5,000 nuclei. The Ki-67 index was expressed as a maxi-

mum percentage of positive nuclei and the mitoses by their

absolute number. Due to the sometimes equivocal detection

of p53 and the absence of a validated prognostic cut-off,

only positivity or negativity was taken into account

[15, 53]. The detection was considered as positive if there

were more than 10 strongly positive nuclei per 10 HPF, in

accordance with the ‘‘isolated positive scattered cells’’

previously proposed [15].

Ultrastructural subtypes are not included as in 1987, the

first year of this retrospective study, it was decided that

electron microscopic analyses of pituitary tumours would

no longer be performed in pathology laboratories in France.

Classification of the tumours

As shown in Table 1 and Fig. 1, all tumours were classified

based on a combination of their radiological characteristics

by MRI (tumour size and invasion) and their histological

characteristics by immunocytochemistry (type), by Ki-67

index and mitotic count (proliferation). The p53, a tran-

scription factor involved in the cell cycle, was also taken

into account due to its expression in atypical adenomas

[27, 47, 62] and pituitary carcinomas [51]. In this study, the

rare non-immunoreactive tumours (n = 7) were grouped

together with the FSH/LH type and the rare TSH adenomas

were excluded. Based on their invasion and proliferation

characteristics, the tumours were classified into five grades

(grade 1a: non-invasive tumour, grade 1b: non-invasive

and proliferative tumour, grade 2a: invasive tumour, grade

2b: invasive and proliferative tumour, grade 3: metastatic

tumour). Invasion was defined as radiological and/or his-

tological signs of invasion of the cavernous or sphenoid

sinus. The histological invasion of dura mater (n = 16) and

of the juxtatumoural pituitary (n = 14) was considered but

not taken into account for grading. To evaluate prolifera-

tion, the most widely studied markers of the cell cycle in

oncology were used: the number of mitoses and the Ki-67

index. Their thresholds had previously been validated in

pituitary and/or endocrine tumours: Ki-67 index [1 or

C3 % according to the Bouin-Hollande or formalin fixa-

tives [20, 43, 53] and the number of mitoses n [ 2/10 HPF

[44]. Since there is no validated prognostic cut-off for p53

detection, only its positivity or negativity was taken into

account [15, 53]. Proliferation was defined as the presence

of at least two of the three markers: mitoses or Ki-67 index

which exceeded the defined thresholds, or positive p53

detection. All tumours were classified by the same

Table 1 Clinicopathological classification of pituitary endocrine

tumours

The classification is based on the three following characteristics:

1: tumour diameter into micro (\10 mm), macro (C10 mm) and giant

([40 mm) by MRI

2: tumour type into GH, PRL, ACTH, FSH/LH and TSH by

immunocytochemistry

3: tumour grade based on the following criteria:

Invasion defined as histological and/or radiological (MRI) signs of

cavernous or sphenoid sinus invasion

Proliferation considered on the presence of at least two of the three

criteria:

Ki-67: [1 % (Bouin-Hollande fixative) or C3 % (formalin

fixative)

Mitoses: n [2/10 HPF

P53: positive ([10 strongly positive nuclei/10 HPF)

The five grades are the following:

Grade 1a: non-invasive tumour

Grade 1b: non-invasive and proliferative tumour

Grade 2a: invasive tumour

Grade 2b: invasive and proliferative tumour

Grade 3: metastatic tumour (cerebrospinal or systemic metastases)

HPF high power field (0.30 mm2, 4009 magnification), MRI mag-

netic resonance imaging
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pathologist (JT), according to the criteria shown in Table 1

and illustrated in Fig. 1.

The sparsely and densely GH tumours, as well as the

plurihormonal tumours, were noted but not taken into

account in this study. The number of silent GH–PRL

(n = 2) and silent ACTH (n = 16) tumours as well as an

ACTH tumour with Nelson syndrome (n = 1) was too

small for specific statistical analysis and so these tumours

were respectively grouped together with GH and ACTH

types.

Statistical analysis

The main analysis was the disease-free patients at 8-year

follow-up. The association between patient status and risk

factors was analysed by fitting unconditional logistic

regression models [4]. Factors considered were sex, age

(treated as a continuous variable), tumour size (microade-

noma, macroadenoma or giant adenoma), tumour type as

assessed by immunocytochemistry (PRL, GH, FSH/LH or

ACTH), and tumour grade. A first 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 pro-

liferation was tested by introducing an interaction term

between these two components of the grade.

A final model was then fitted, to reveal the distinct

effects of the grade components among the types, intro-

ducing interaction terms between the types and the grade

components.

Nested models were compared using likelihood ratio

tests (LRT). Confidence intervals of odds ratio were cal-

culated using a normal approximation of parameter

distributions. In all statistical tests (two-tailed), p values

smaller than 5 % were considered significant, except for

interaction tests for which a threshold of 10 % was

retained.

Using predicted ROC-curves, the final model was

informally compared with a model that uses Ki-67[cut-off

value as the only marker of proliferation.

The secondary analysis concerned the recurrence/pro-

gression-free status at 8 years. The analyses were similar to

those conducted for investigation of disease-free status.

All analyses were performed using R software [35].

Results

Patient and tumour characteristics

The study population was composed of 410 patients (246

women and 164 men), with a median follow-up of

11.14 years (range 1.19–23.8 years). The mean age at

surgery was 42.7 ± 14.7 years (range 13–77 years). Based

on the MRI data, 94 (22.9 %) patients had a microade-

noma, 292 (71.2 %) had a macroadenoma and the

remaining 24 (5.9 %) had a giant adenoma. Invasion of the

cavernous or sphenoid sinus was identified by MRI for 175

(42.7 %) tumours, but could be studied and confirmed by

histology in only 16 (9 %).

At the end of the 8 years of follow-up, 195 (47.6 %)

patients remained disease-free (controls) and 215 (52.4 %)

showed evidence of disease (cases). Of the 215 cases, 125

(58.1 %) patients had tumours that recurred or progressed.

Based on the immunocytochemical data, this series was

composed of 116 PRL, 111 GH, 105 FSH–LH and 78

ACTH tumours. The Ki-67 mean labelling index was

respectively 0.40 and 0.68 % with Bouin-Hollande and

formalin fixative (range 0–4 %) for the controls and 1.52

and 3.6 % (range 0–23 %) for the cases; the mean number

of mitoses was 1.39 (range 0–15) for the controls and 2.81

for the cases (range 0–25). The detection of p53 was

positive in 39 controls (20 %) and in 87 cases (40 %). No

positive markers were observed in the tumour of 67 % of

the disease-free patients (controls), compared to 38 % of

the cases, and 76 % of the tumours with two or three

markers were from patients showing evidence of disease at

8-year follow-up (cases).

Concerning the grade, 194 (47.3 %) tumours were grade

1a; 41 (10.0 %) were grade 1b; 113 (27.6 %) were grade 2a

and 62 (15.1 %) were grade 2b. Eight tumours (2.0 %),

four PRL and four ACTH, classified as grade 1b (n = 1),

2a (n = 1) and 2b (n = 6) at the time of initial surgery

were later classified as carcinomas (grade 3) based on the

occurrence of metastases during the follow-up but this was

not taken into account in the analyses.

The majority of the patients with silent ACTH adenomas

were cases (9 out of 16) and five tumours were grade 1a,

one was grade 1b, and there were five each of grades 2a

and 2b. The two silent GH adenomas were controls and

were graded 1a and 2a.

The prognostic value of sex, age and the parameters

used in the clinicopathological classification

Main analysis: disease-free status at 8 years

This analysis comprised 215 (52.4 %) patients with evi-

dence of disease (cases) and 195 (47.6 %) disease-free

patients (controls) during the 8-year follow-up. As shown

in Table 2, when a multiplicative model without interac-

tion terms between the tumour types and the grade

components was fitted, patient status at 8 years was found

to be associated with age at initial surgery (p \ 0.001),

tumour size (p = 0.002) and tumour grade (p \ 0.001) but

not with sex (p = 0.742) or tumour type (p = 0.487).
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No interaction between the two grade components

(invasion and proliferation) was found (LRT = 1.03,

p = 0.311).

In the model allowing distinct effects of the grade

components among the tumour types, no interaction

between proliferation and tumour type was found

(LRT = 4.37 p = 0.225), leading to the estimation of a

common odds ratio (OR) equal to 2.89 for proliferation

whatever the tumour type (Table 3). By contrast, a sig-

nificant interaction was detected between tumour type and

the invasion component (LRT = 22.22, p \ 0.001). In this

analysis, the tumour type and the grade were found to be

strongly associated with the patient status (p \ 0.001). The

effect of invasion varied according to the tumour type with

the prognostic contribution of invasion being very high for

PRL and ACTH tumours (OR = 152.72 and 27.07,

respectively) and lower for FSH/LH and GH tumours

(OR = 2.60 and 6.59, respectively). In this analysis, no

interaction between the two grade components was found.

Thus, for any given tumour type, the odds ratio comparing

grade 2b to grade 1a is equal to the product of the odds

ratios comparing grade 1b to grade 1a and grade 2a to

grade 1a.

The informal comparison of our model of grading which

associated invasion and proliferation components (2 out of

the 3 markers: mitosis count, Ki-67 [a cut-off value and

p53 detection) with a model considering Ki-67 [a cut-off

value as the only marker of proliferation underlined the

major prognostic value of invasion in the disease-free

analysis (Fig. 2). By comparison with the area under the

curve (AUC) obtained using our model, very similar results

were obtained when Ki-67 was included as a binary

covariate instead of our proliferation component. However,

lower values were obtained when the invasion component

was omitted, regardless of how proliferation was

considered.

Secondary analysis: recurrence/progression-free status

at 8 years

This analysis compared the 125 (30.7 %) patients dis-

playing tumour recurrence or progression during the 8-year

follow-up (cases), with the 282 (69.3 %) disease-free

patients (controls) who either showed no evidence of dis-

ease (n = 195) or had a stable remnant (n = 87). Three

patients who showed evidence of disease post-operatively

but without progression were excluded from the analysis

because of an insufficient follow-up.

When a multiplicative model was fitted (Table 4), age at

initial surgery (p = 0.048), tumour type (p \ 0.001) and

tumour grade (p \ 0.001) were all found to be associated

with patient progression/recurrence status at 8 years,

however sex (p = 0.277) and tumour size (p = 0.998)

were not. No interaction was found between the two grade

components (invasion and proliferation) (LRT = 0.178,

p = 0.673).

Table 2 Prognostic value of

sex, age and the

clinicopathological

classification of pituitary

tumours: disease-free status at

8 years of a case–control study

Multivariate analysis with no

interaction between the tumour

type and the grade (invasion and

proliferation) components

OR Odds ratio, CI confidence

interval
a p values were calculated from

likelihood ratio tests
b Age was centred, the odds

ratio was for an increase of

1 year in age

Total Controls Cases OR 95 % CI p valuea

No of patients 410 195 215

Ageb (years),

mean ± SD

42.66 ± 14.66 43.84 ± 14.81 41.59 ± 14.47 0.97 [0.95; 0.99] \0.001

Sex 0.742

Male 164 70 94 1.00

Female 246 125 121 1.09 [0.65; 1.83]

Tumour size 0.002

Microadenoma 94 72 22 1.00

Macroadenoma 292 117 175 3.20 [1.64; 6.26]

Giant adenoma 24 6 18 3.03 [0.87; 10.53]

Tumour type 0.487

PRL 116 56 60 1.00

FSH/LH 105 52 53 0.66 [0.32; 1.37]

ACTH 78 40 38 1.19 [0.59; 2.40]

GH 111 47 64 0.93 [0.47; 1.84]

Grades \0.001

1a 194 143 51 1.00

1b 41 17 24 3.12 [1.72; 5.64]

2a 113 28 85 7.97 [4.57; 13.91]

2b 62 7 55 24.84 [10.84; 56.89]
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In the model allowing distinct effects of the grade

components for each tumour type (Table 5), no interaction

between proliferation and tumour type was found

(LRT = 2.89, p = 0.408), leading to the estimation of a

common odds ratio (OR) of 3.88 for proliferation whatever

the tumour type (Table 5). However, a significant inter-

action was detected between tumour type and the invasion

component (LRT = 7.13, p = 0.068). The effect of inva-

sion varied according to the tumour type with the

prognostic contribution of invasion being very high for

PRL and ACTH tumours (OR = 5.19 and 11.78, respec-

tively) and lower for FSH/LH and GH tumours

(OR = 2.54 and 1.54, respectively). In this analysis, no

interaction between the two grade components was found.

This explains why, for a given tumour type, the odds ratio

comparing grade 2b to grade 1a is equal to the product of

the odds ratios comparing grade 1b to grade 1a and grade

2a to grade 1a. In this analysis, the tumour type and the

grade were found to be strongly associated with the patient

status (p \ 0.001).

Discussion

Over the last 40 years, the classification of pituitary endo-

crine tumours has evolved from a tinctorial classification into

three types: acidophilic, basophilic and chromophobic, to an

immunocytochemical classification into five types and a

dozen ultrastructural subtypes [2, 24, 25, 27, 47, 51, 54, 56].

Electron microscopy, an expensive and time-consuming

technique, is now only rarely performed by some specialists.

In 2004, the WHO classification [27] confirmed these

immunocytochemical and ultrastructural subtypes and iden-

tified typical adenoma, carcinoma and atypical adenoma.

Until now only two papers have studied the former type. In

one series of 121 consecutive patients [62], atypical

Table 3 Prognostic value of the clinicopathological classification of

pituitary tumours, according to tumour type: disease-free status at

8 years of a case–control study

Controls Cases OR 95 % CI p valuea

No of patients 195 215

Tumour typeb \0.001c

PRL 56 60 1.00

FSH/LH 52 53 2.65 [1.00; 7.06]

ACTH 40 38 1.59 [0.70; 3.60]

GH 47 67 1.99 [0.82; 4.82]

Grade according

to type

\0.001d

PRL

1a 52 14 1.00

1b 3 4 2.89 [1.57; 5.29]

2a 1 23 152.72 [17.45; 1337]

2b 0 19 440.90 [46.72; 4161]

FSH/LH

1a 24 13 1.00

1b 7 7 2.89 [1.57; 5.29]

2a 17 21 2.60 [1.11; 6.09]

2b 4 12 7.51 [2.60; 21.68]

ACTH

1a 34 10 1.00

1b 4 9 2.89 [1.57; 5.29]

2a 2 11 27.07 [5.05; 145]

2b 0 8 78.14 [12.65; 483]

GH

1a 33 14 1.00

1b 3 4 2.89 [1.57; 5.29]

2a 8 30 6.59 [2.58; 16.85]

2b 3 16 19.04 [6.26; 57.90]

Multivariate analysis allowing distinct effects of the grade compo-

nents (invasion and proliferation) according to the tumour type,

adjusted for age, sex and tumour size

CI Confidence interval
a p values were calculated from likelihood ratio tests
b Odds ratio (OR) for tumour types was calculated for non-invasive

tumours
c Including interaction of type with invasion
d Including interaction of invasion with type
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a. Final Model (invasion+proliferation)

b. Invasion+Ki−67 ≥ cut−off
c. Proliferation without invasion
d. Ki−67 ≥ cut−off without invasion

Fig. 2 Disease-free analysis. Predicted ROC curves of: a the final

model with invasion and at least two of the three markers (area under

the curve: AUC = 81.4 %); b the model with invasion and Ki-67

[3 % as the only marker (AUC = 81.4 %); c the model with no

invasion but with at least 2 of the 3 markers (AUC = 71.3 %); d the

model with no invasion but with Ki-67 [3 % as the only marker

(AUC = 71.1 %). Curves a and b as well as curves c and d are

superimposed
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adenomas were defined by a Ki-67[3 %, p53 positivity and

increased mitotic activity without a cut-off value. The inva-

sion was not considered in the diagnosis although its

frequency was 15 %. Saeger et al. [47] did consider invasion

and when associated with Ki-67[3 % and P53[5 %, they

found only 2.7 % of atypical adenomas among 241 tumours

from the German registry. These two examples illustrate

Wolfsberger and Knosp’s criticism of the WHO classification

2004 [61] when they stated that ‘‘the definition of invasive-

ness is needed and should be included in this classification’’

and underline the need to also include proliferation, evaluated

by markers of the cell cycle with well-defined thresholds.

Here, we have presented our proposal for a new clinico-

pathological classification with a grading system, such as that

used for other endocrine tumours of the foregut [44]. This

new classification takes into account tumour size, immuno-

cytochemical type, invasion and proliferation. The invasion

was evaluated by MRI. Only unequivocal invasion of the

cavernous sinus was considered. Recent anatomical and

ultrastructural studies have shown that the medial wall of the

cavernous sinus is composed of dura [12]. Any tumour

growth into the cavernous sinus would therefore represent a

sign of invasiveness without histological proof, such as the

invasion into the sphenoid sinus confirmed by the infiltrated

respiratory mucosae on histology.

The proliferation is evaluated by the two most com-

monly used cell-cycle markers in oncology, i.e. Ki-67

index and mitotic count. From a broad spectrum of human

neoplasms, the accumulation of immunocytochemically

detectable p53 protein has served as a marker of clinical or

biological behaviour. In addition, p53 immunoreactivity

has been found in all pituitary carcinomas [53] and was one

of the criteria to classify ‘‘atypical adenomas’’ [27]. For

these reasons, p53 detection is also taken into consideration

in this classification. When considering the controversial

value of these markers, especially Ki-67 [1, 9, 13, 18, 20,

22, 28, 29, 43, 46, 48, 52, 55] and due to the lack of

methodological standards and a validated cut-off for p53

[15, 53], we defined proliferation as the presence of at least

two of these markers with cut-off values for Ki-67 index

and mitotic count and a defined level of positivity for p53.

By predicted ROC curves analyses, our results were similar

when Ki-67 [a cut-off value was the only considered

marker. However, no positive markers were observed in the

Table 4 Prognostic value of sex, age and the clinicopathological classification of pituitary tumours: recurrence/progression-free status at

8 years of a case–control study

Recurrence/progression OR 95 % CI p valuea

No Yes

No of patients 282 125

Ageb (years), mean ± SD 42.37 ± 14.81 43.03 ± 14.14 0.98 [0.96; 1.00] 0.048

Sex 0.277

Male 112 50 1.00

Female 170 75 1.33 [0.79; 2.24]

Tumour size 0.998

Microadenoma 77 17 1.00

Macroadenoma 190 99 1.02 [0.47; 2.24]

Giant adenoma 15 9 1.03 [0.29; 3.64]

Tumour type \0.001

PRL 96 18 1.00

FSH/LH 52 53 7.48 [3.47; 16.10]

ACTH 48 30 4.28 [2.02; 9.09]

GH 86 24 1.33 [0.62; 2.84]

Grades \0.001

1a 162 31 1.00

1b 23 18 3.77 [2.22; 6.41]

2a 75 38 3.21 [1.84; 5.60]

2b 22 38 12.09 [5.66; 25.81]

Multivariate analysis with no interaction between the tumour type and the grade components (invasion and proliferation)

CI Confidence interval
a p values were calculated from likelihood ratio tests
b Age was centred, the odds ratio (OR) was for an increase of 1 year in age
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tumour of 67 % of the patients who were disease-free at

8 years (controls) and 76 % of the tumours with two or

three markers were from patients showing evidence of

disease in the 8 years after surgery (cases). Our findings are

in agreement with those recently published by Righi et al.

[43] in a series of 166 patients with pituitary tumours

followed up for at least 6 years. They showed that invasion

is significantly associated with recurrence/progression and

that Ki-67 index [3 % has high specificity and low sen-

sitivity. The prognostic value of these two parameters

varied with tumour type.

To our knowledge, this study which includes 410

patients with a long-term follow-up of at least 8 years is the

largest case–control study concerning the classification of

pituitary tumours ever published. In the interest of perti-

nence and statistical strength, a case–control design was

retained with similar numbers of patients in the two groups

and similar numbers of tumours representing each of four

types, with only the exceptional TSH type being excluded.

The high percentage of patients with evidence of disease

(52.4 %) and the percentage of each grade according to

tumour type were related to the design of case–control

study with similar number of cases and controls although it

does not exactly reflect tumour behaviour. In order to

prevent a possible bias linked to the particular behaviour of

one tumour type, the fitted models included interaction

between the tumour type and grade components, thereby

giving specific prognostic value to grade components for

each tumour type. As a whole, this series is representative

of pituitary tumour behaviour commonly seen in clinical

practice with similar percentages of invasive tumours

(43 %) [31].

We have validated the prognostic value of this new

clinicopathological classification. First of all, we confirmed

the poor prognostic value of young age in predicting dis-

ease-free outcome and also the recurrence/progression-free

status at 8 years (review in [45]). However, tumour size

was associated with disease-free outcome [28] but not with

the recurrence/progression-free status. Patient sex had no

prognostic value, as suggested previously [45].

By multivariate analysis, this new clinicopathological

classification of pituitary tumours into grades, taking into

account tumour invasion and proliferation, displayed

highly significant prognostic value for predicting post-

operative disease-free outcome or recurrence/progression-

free status, across all tumour types and for each type of

tumour. At 8-year follow-up, the probability of a patient

showing evidence of disease or showing tumour progres-

sion was 25- and 12-fold higher, respectively, if he had an

invasive and proliferative tumours (grade 2b) than if he had

an non-invasive and non-proliferative tumours (Grade 1a).

No grade 3 tumours were identified at the time of initial

surgery, the metastasis appearing post-operatively during

the 8 years of follow-up. Six out of the eight carcinomas

identified were classified as grade 2b at the initial surgery.

These results confirm those obtained in our preliminary

study on 94 PRL tumours [39] that were classified into three

groups, i.e. non-invasive, invasive and aggressive-invasive,

corresponding respectively to the grades 1a, 2a and 2b of

the present classification. In this case–control study, the

percentage of grade 2b (15 %) is similar to the percentage

Table 5 Prognostic value of the clinicopathological classification of

pituitary tumours, according to tumour type: recurrence/progression-

free status at 8 years of a case–control study

Recurrence/

progression

OR 95 % CI p valuea

No Yes

No of patients 282 125

Tumour typeb \0.001c

PRL 96 18 1.00

FSH/LH 52 53 12.84 [3.81; 43.27]

ACTH 48 30 3.71 [1.29; 10.63]

GH 86 24 2.93 [0.88; 9.79]

Grade according to type \0.001d

PRL

1a 61 5 1.00

1b 6 1 3.88 [2.25; 6.70]

2a 21 3 5.19 [1.48; 18.15]

2b 8 9 20.14 [5.42; 74.84]

FSH/LH

1a 24 13 1.00

1b 7 7 3.88 [2.25; 6.70]

2a 17 21 2.54 [1.09; 5.90]

2b 4 12 9.86 [3.54; 27.47]

ACTH

1a 36 8 1.00

1b 6 7 3.88 [2.25; 6.70]

2a 6 7 11.78 [3.20; 43.32]

2b 0 8 45.75 [10.71; 195]

GH

1a 41 5 1.00

1b 4 3 3.88 [2.25; 6.70]

2a 31 7 1.54 [0.55; 4.30]

2b 10 9 5.99 [1.97; 18.26]

Multiplicative analysis allowing distinct effects of the grade compo-

nents (invasion and proliferation) according to tumour type, adjusted

for age, sex and tumour size

CI Confidence interval
a p values were calculated from likelihood ratio tests
b Odds ratio (OR) for tumour types were calculated for non-invasive

tumours
c Including interaction of type with invasion
d Including interaction of invasion with type
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of the atypical adenoma in the Law’s surgical series in

which 83 % were invasive tumours [62]. Our case–control

study comprising 410 patients with a long post-operative

follow-up demonstrates that invasion and proliferation, the

two grade components, were independently [18, 55] and

strongly associated with both disease-free and recurrence/

progression-free status at 8-year follow-up. Using a multi-

variate statistical model allowing distinct effects of the

grade components according to tumour type, and a pre-

dicted ROC curves analysis comparing this model with

another that considered proliferation without invasion, we

demonstrated invasion as major prognostic factor in pre-

dicting the disease-free status which varied according to

tumour type. These results confirm the well-known prog-

nostic value of invasion in predicting the disease-free status

following surgical removal of pituitary tumours [61].

This new clinicopathological classification should be

used in conjunction with clinical findings, especially those

from MRI which is needed to evaluate the invasion. Indeed

in the present study, confirmation of invasion by histology

was only possible for 9 % of invasive tumours in cases of

invasion of the sphenoid sinus. Data from pituitary imaging

and surgical findings are included in the patient database,

which is available to the pathologist when establishing the

tumour diagnosis. In our opinion, these data should be

added to the recently published synoptic checklist for

pituitary lesions [32].

Adapted from classifications of endocrine tumours with

hypersecretion and tumours incurring problems defining the

histological criteria of malignancy, such as pancreatic and

adrenal tumours, this classification forms a more represen-

tative framework onto which other clinical factors and

pathological signs can be incorporated. These include male

sex in PRL adenomas [8], subtypes such as sparsely gran-

ulated GH adenoma [33], silent ACTH adenoma (review in

[40]), silent GH–PRL or subtype 3 adenomas [19] which

must also be taken into consideration, due to their suspected

aggressiveness. The expressions of PSA-NCAM [55],

endocan [5], PTTG [63], FGFR4 [36], and certain molec-

ular markers [14, 39, 58, 59] as well as genetic alterations

[34, 41, 42, 60] have all been suggested to be correlated to

invasion and aggressiveness, however they need confirming

by clinical correlations in large series.

In conclusion, this new clinicopathological classification

of pituitary endocrine tumours into five grades presented

here is easy to implement, although it does require the

multidisciplinary collaboration between pathologist, endo-

crinologist and neurosurgeon. It has proven prognostic

value in predicting disease-free and recurrence/progres-

sion-free status and has highlighted tumours with signs of

invasion and proliferation (grade 2b) as being those most

likely to show aggressive behaviour and metastasize. We

hope these findings will convince pathologists to adopt this

clinicopathological classification and that clinicians will

consider it helpful when choosing the appropriate thera-

peutic strategy.
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