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Abstract

Introduction: Usually benign, pituitary tumors (PT) can be invasive and aggressive with a propensity to progress and/or 
recur. Trouillas’s clinicopathological classification attempts to predict the evolutionary risk of a PT. In this study, we assessed 
the prognostic value of this classification in an independent patient cohort and analyzed its impact on treatment strategies.
Patients and methods: In this study, 607 patients operated on between 2008 and 2018 for a PT were included. Grading 
was established based on invasion, proliferative activity (Ki-67, mitotic index) and p53 positivity. The therapeutic 
management following surgery was analyzed. Progression-free survival (PFS) of the graded tumors was estimated 
(Kaplan–Meier method and log-rank test) and a multivariate analysis was performed (Cox regression model).
Results: Grading identified non-invasive PT without (grade 1a: 303 cases) or with proliferative activity (grade 1b: 53 
cases) and invasive PT without (grade 2a: 202 cases) or with proliferative activity (grade 2b: 49 cases). The mean 
follow-up was 47 ± 30 months (median: 38 months). Progression/recurrence occurred in 127 cases. Grades were 
significant and independent predictors of PFS (P < 0.001) with a 4.8-fold higher risk of progression/recurrence in grade 
2b as compared to grade 1a. As second-line therapy, gamma knife or conventional radiotherapy controlled tumor 
growth in 91.6 and 100% of cases, respectively, irrespective of the grade. Proliferative tumors exposed the patient to a 
9.5-fold higher risk of having ≥3 adjuvant therapeutic lines as compared to non-proliferative tumors.
Discussion: Grading of a PT according to Trouillas’s classification predicts its risk of progression and should advocate 
for a personalized therapeutic approach in invasive and proliferative tumors.

Significance statement
This is the first study to assess, on a cohort of 607 well-characterized patients, the real-life therapeutic impact of 
the five-tiered clinicopathological classification of pituitary tumors. First, we validate that pituitary tumor grades 
predict the evolutionary risk of the tumor, with a significant higher risk of progression/recurrence in invasive and/or 
proliferative tumors (mean follow-up: 47 ± 30 months, median: 38 months). Moreover, our study provides evidence 
that patients with proliferative tumors have a higher risk to be retreated after primary surgery and point toward 
the fact that radiotherapy can successfully control tumor growth in case of progression or recurrence. Our findings 
advocate for a personalized therapeutic approach in clinically aggressive pituitary tumors.
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Introduction

Pituitary adenomas, referred to as pituitary neuroendocrine 
tumors (PitNET) or, simply, pituitary tumors (PT) account 
for 10–15% of all intracranial neoplasms (1, 2, 3). Usually 
benign, nearly 40% of PT show, at diagnosis, features of 
invasiveness in the cavernous and/or the sphenoidal sinus 
(2, 4, 5). Moreover, a subset of PT will be characterized by 
aggressive behavior, defined as a rapid growth potential, 
resistance to the conventional treatment or even multiple 
recurrence following initial surgery (6, 7). In exceptional 
cases, distant metastasis may develop, a condition known 
as pituitary carcinoma (7). In 2004, the World Health 
Organization introduced the notion of atypical adenoma, 
which emphasized their propensity to exhibit an unusual 
behavior associated with an uncertain evolutionary risk 
(8). Atypical adenomas were characterized by at least two 
of these three following criteria: Ki-67 labeling index ≥3%, 
extensive nuclear p53 immunostaining and high mitotic 
index, such as their reported incidence ranged from 3 to 
19% (9, 10). In 2013, Trouillas and coworkers proposed 
a clinicopathological classification, which relied on the 
combined analysis of invasion of the tumor, proliferation 
(Ki-67, mitotic count) and nuclear p53 expression, 
achieved to stratify the evolutionary risk of a PT according 
to five distinct grades (11). While its prognostic value was 
subsequently confirmed in other independent studies, 
the impact of the tumor grading on the therapeutic 
management of the patient was never addressed so far.

Therefore, the aim of this study was to validate the 
prognostic value of the five-tiered classification in an 
independent monocentric cohort of 607 patients operated 
for a PT and furthermore, to focus on the therapeutic 
outcomes ensuing from this classification.

Patients and Methods

Study design and patients

We conducted an observational retrospective study at the 
university hospital of Marseille, French national reference 
center of rare pituitary diseases. A total of 1164 patients who 
were referred to our center for a pituitary lesion diagnosed 
between January 2008 and December 2018 were reviewed. 
The endocrine and neuroradiological characteristics were 
documented for every patient before any treatment. All 
of them underwent a 1.5T pituitary MRI before surgery. 
PT were classified as microadenomas (tumor diameter 
<10 mm) or macroadenomas (tumor diameter ≥10 mm) 
(12). Radiological invasiveness was defined according to 

the Knosp system in which grades 3 and 4 defined tumors 
invading the cavernous sinus (4). All patients underwent 
endoscopic transsphenoidal surgery performed by expert 
neurosurgeons (HD and TG). The degree of surgical 
removal was defined based on the surgeon report and 
classified as follows: growth total resection (GTR) when the 
removal was complete and subtotal resection (STR) when 
the tumor removal was incomplete.

After surgery, patients were followed in the department 
of endocrinology with a measurement of hormonal 
level and a pituitary MRI at 3 and 12 months and at least 
annually until the last follow-up (LFU). The present study 
was approved by the research council of Aix-Marseille 
University (PADS authorization number: 2019-152). This 
retrospective monocentric observational design did not 
require a written consent by the patients according to the 
French legislation.

Tumoral classification of PT

For each tumor, proliferation markers were analyzed 
according to previously described procedures (11). All PT 
samples were fixed in formalin. The mitotic count was 
calculated after hematoxylin-eosin staining and expressed 
as an absolute number/ten high power fields (HPF). The 
Ki-67 labeling index was evaluated as a percentage of 
positive nuclei. The expression of p53 was considered 
positive if > 10 strongly positive nuclei per 10 HPF were 
recorded (11). Proliferative tumors were defined by the 
presence of at least two of the following criteria (11): 
Ki-67 ≥ 3%, mitotic count > 2/10 HPF and p53 positivity. 
Invasion of the cavernous sinus and/or dura matter 
was histologically investigated as well; invasion was 
retained only if pituitary tumor tissue was found within 
dura mater, bone and/or respiratory mucosa. PT were 
classified as grade 1a (non-invasive and non-proliferative 
tumor), grade 1b (non-invasive and proliferative), grade 
2a (invasive and non-proliferative), grade 2b (invasive 
and proliferative) and grade 3 (pituitary carcinoma) 
(Supplementary Table 1, see section on supplementary 
materials given at the end of this article). The grade of 
the tumor was established based on the first surgery only. 
Pituitary tumor subtyping by immunohistochemistry 
was performed according to criteria incorporated in the 
WHO classification available for the period of analysis. 
Tumors that were negative for all pituitary antibodies 
were considered immunonegative because we did not 
routinely perform immunostaining for transcription 
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factors. Thus, we did not classify any tumor as null cell 
PT in our study.

Criteria of remission and progression

The primary endpoint in this study was the time between 
the first surgery and the progression/recurrence or the LFU 
of a controlled disease.

Patients were in complete remission after surgery if 
they had no evidence of pituitary disease at the biological 
and radiological levels. In secreting tumors, patients were 
considered controlled if they had normal hormone levels 
with an anti-secretory drug and a stable or non-visualized 
remnant on MRI; in non-secreting tumors, patients were 
considered controlled if they had a stable remnant. While 
these two populations of patients were pooled for the 
statistical analysis, we compared them in a dedicated table 
(Supplementary Table 2).

Recurrence was diagnosed in patients with the 
appearance of a previously unknown PT residue and/or 
if an increase in the pituitary hormone levels occurred 
during the follow-up of the patient. Progression was 
defined by the growth of a known tumor residue. In most 
cases, progression or recurrence led to discussion of a 
new therapeutic adjustment. Patients with recurrence, 
progression or modification of their treatment were pooled 
for the statistical analysis.

Remission/control or progression/recurrence status 
was defined for all patients during a multidisciplinary 
team committee. An informed consent for the therapeutic 
decision was obtained from each patient after full 
explanation of its purpose. Therapeutic interventions were 
validated during a multidisciplinary team committee in a 
personalized approach which took into account the patient 
condition, the size and location of the tumor remnant, 
the existence of one or several pituitary deficiencies and/
or the existence of a hormonal hypersecretion. Gamma 
knife radiosurgery (GKRS) was preferably used in patients 
presenting a relatively low target volume, well delineated on 
MRI, sufficiently far (i.e. > 5 mm) from the optic chiasm (to 
avoid any risk of induced optic neuritis) and not previously 
treated by any radiation technique (which would increase 
the rate of adverse effects and/or need to decrease the 
dose, thus decreasing the likelihood of remission) (13). 
On the contrary, conventional radiotherapy was preferred 
in case of big or multiple target volume with pre-existing 
hypopituitarism.

A wait-and-see attitude could have been retained in 
certain patients with a minimal tumor progression without 
visual or neurologic consequences and hormonal burden 

or when the patient condition/choice did not permit any 
additional treatment.

Statistical analysis

Statistical analyses were performed using graphPad 
Prism software (version 8.0.1) and R software (http://
www.R-project.org). Quantitative continuous variables 
were reported as median with IQR and mean ± s.d. 
Unpaired continuous variables were compared using a 
parametric Student's t-test. For multiple comparisons, we 
performed an ANOVA or a non-parametric Kruskal–Wallis 
test. Comparison of unpaired categorical variables was 
performed with a non-parametric Mann–Whitney test. 
Comparison of discrete variables was performed by chi-
square test if applicable, otherwise with Fisher’s test. In 
addition, progression-free survival for the different grades 
was estimated using the Kaplan–Meier method and the 
progression-free survival curves obtained for grades 
were compared using the log-rank test. Finally, factors 
predictive of recurrence or progression were determined 
by univariate and multivariate logistic regression. Firth 
correction was applied. Hazard ratios (HR) and their 95% 
CI were estimated for each factor. A value of P < 0.05 was 
considered statistically significant. All tests were two-sided.

Results

Patients

Among the 1164 patients referred to our tertiary center 
during the study’s period, 202 were not included, either 
because they did not undergo pituitary surgery and/or 
because the final diagnosis was not a primitive PT (i.e. 
tumors that does not develop from the anterior pituitary 
cells like metastasis or pituitary sarcoidosis). In the 
remaining 962 patients, 355 were excluded for one of 
the following exclusion criteria: patients with pituitary 
apoplexy (n = 29) or genetically related PT (n = 20), patients 
with a follow-up of less than 12 months (n = 218) and 
those for whom the histopathological analysis was not 
contributive (n = 88). We decided to rule out patients with 
genetically related PT because they represent a specific 
subset of patients who are usually younger at diagnosis and 
with more aggressive phenotypes of PT.

Following these criteria, we included 607 patients 
(Fig. 1). Among 607 patients, there were 316 (52%) 
women. The mean age at diagnosis was 52 ± 15 years 
(14–87 years) with the mean follow-up of 47 ± 30 months 
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(12–146 months, median: 38 months, IQR: 23–66 
months). Three-hundred twenty (52.7%) patients 
had a non-secreting PT, 154 (25.4%) had acromegaly, 
96 (15.8%) had a Cushing’s disease, 27 (4.5%) had 
prolactinoma and eventually, 5 (1.6%) had either TSH-
secreting PT or a co-secretion (Table 1). There were 199 
patients who were treated preoperatively, most of them 
(n = 128) with somatostatin receptor ligands (SRL) for 
an active acromegaly or dopamine agonist (DA) for a 
prolactinoma (n = 27) (see details in Table 1). All patients 
with prolactinomas who underwent surgery were either 
intolerant to DA and/or the drug failed to control tumor 
growth and/or hypersecretion. There was a majority of 
macroadenomas (n = 498, 82%) with a mean maximal 
tumor diameter of 23.5 ± 8.7 mm as compared to 
5.7 ± 2.8 mm for microadenomas (P  < 0.0001). Around 
192 (38.5%) tumors were invasive according to the 
Knosp grading system. A total of 479 (78.9%) patients 
underwent a GTR and 128 (21.1%) had a STR. At 3 months 
postoperative, 155 patients had a PT residue and 55 had 
persistence of hormonal hypersecretion. Of note, 51 
patients who benefited from GTR exhibited a PT residue 
on the 3-month MRI, which could be due to several 
reasons like unseen PT residue during surgery (because 
of excessive bleeding for instance) and false estimation 
of a millimetric PT residue at 3 months which ultimately 
turned out to be a post-surgical remodeling. At the LFU, 
127 (21%) had either progression (n = 80) or recurrence 
(n = 47), 93 (15%) patients were controlled and 387 (64%) 

were in remission. Compared to patient in remission, 
patients with controlled disease were older (56 ± 16 vs 
52 ± 14 years, P = 0.0243), had a greater mean maximal 
tumor size at diagnosis (26.1 ± 9.9 mm vs 17.3 ± 9.6 mm, 
P < 0.0001), a higher rate of cavernous invasion (49% vs 
13%, P < 0.0001) and a higher rate of subtotal surgical 
resection (55% vs 14%, P < 0.0001). While proliferative 
markers were not different between the two groups, 
grade 1a (non-invasive) tumors were most frequent in 
the remission group and grade 2a (invasive) tumors 
were most frequent in the controlled group, respectively 
(Supplementary Table 2).

Tumors characteristics

The histopathological analysis identified 143 (23.5%) 
immunonegative tumors, 145 (23.9%) were positive for 
LH/FSH, 116 (19.1%) were positive for GH and the same 
proportion for ACTH, 47 (7.7%) were mixed GH/PRL, 
27 (4.4%) were positive for PRL, 2 (<1%) for TSH and 
eventually, 11 (1.7%) were positive for multiple hormones 
(Table 1). There were eight patients with GH-positive tumor, 
however, without GH and IGF-1 excess, a condition defined 
as silent somatotroph tumor. Likewise, 19 patients who had 
no biochemical evidence of hypercortisolism while having 
tumor positivity for ACTH were considered as having a 
silent corticotroph tumor (Supplementary Table 3).

Our cohort identified that 303 (50%) were grade 1a, 
53 (8.7%) were grade 1b, 202 (33.4%) were grade 2a and 49 
(7.7%) were grade 2b tumors (Table 1). It has to be noted 
that 49 grade 2a tumors had a Knosp score < 3, meaning 
that invasion was diagnosed on histopathological and/or 
surgical ascertainment. At the time of pituitary surgery, 
there was no pituitary carcinoma (grade 3). Characteristics 
of the patients according to the PT grade are provided in 
Supplementary Table 4.

Progressive and recurrent pituitary tumors

Progression/recurrence occurred in 127 (21%) patients. In 
detail, it occurred in 20/303 (6.6%) grade 1a, 14/53 (26%) 
grade 1b, 62/202 (30.7%) grade 2a and 31/49 (63.2%) grade 
2b tumors. Patients with progressive/recurrent tumors were 
younger as compared to their non-progressive counterparts 
(48 ± 13 yo vs 53 ± 15 yo, P = 0.0004). The maximal diameter 
at diagnosis was significantly larger in progressive as 
compared to non-progressive tumors (25.3 ± 10.9 mm vs 
18.9 ± 10.2 mm, P < 0.0001, Table 2). There were 86 (67.7%) 
patients with radiologically invasive PT. Proliferative 
markers (Ki-67: 3 ± 3% vs 2 ± 2% and mitotic count: 1.3 ± 1.9 

Patients with pituitary lesion
Referral Centre of Marseille
01/01/2008 to 31/12/2018

(n = 1164)

Patients with pituitary tumor (PT)
(n = 962)

Patients with operated PT 
(n = 607)

Non-included patients (n = 202)
Differential diagnosis (n = 134)
Patients non operated (n = 68)

Excluded patients (n = 355)
Pituitary apoplexy (n = 29)
Mutated patients (n = 20)
Follow-up ≤ 12 months (n= 218)
Non contributive histopathological analysis (n = 88)

Grade 1a
(n = 303)

Grade 1b
(n = 53)

Grade 2a
(n = 202)

Grade 2b
(n = 49)

Survival Analysis

Figure 1
Flow chart of the study.
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vs 0.6 ± 1.2, P < 0.001 for both) and nuclear p53 expression 
(positivity in 25/98 (25%) vs 54/442 (12%), P < 0.001) were 
significantly higher in progressive tumors as compared 
to non-progressive ones (Table 2). High proliferative 
markers according to the Trouillas classification (Ki-67% ≥ 
3% and mitotic count > 2/10 HPF) were found in 42 and 
35% of progressive PT, compared to 21% and 17% in non-
progressive one, respectively (P < 0.0001 for both).

The Kaplan–Meier progression-free survival curves 
obtained for different grades were statistically different 
(P < 0.001, Fig. 2) irrespective of the secreting status of 
the tumors (P  < 0.001 between grades, Supplementary 
Fig. 1). Moreover, we observed that the risk of progression/
recurrence decreased by 17% with every achieved 
decade following the age of PT diagnosis in each patient 
(P = 0.007). Finally, the existence of a radiological invasion 
(P = 0.002) significantly increased this risk (Table 3). Grades 

1b and 2b tumors were independently associated with a 
higher risk of recurrence/progression with respect to grade 
1a tumors (HR: 3.27; 95% CI: 1.59–6.56 and HR: 4.8; 95% 
CI: 1.85–11.29, respectively). Two patients with grade 
2b tumors developed distant metastasis (grade 3) during 
their follow-up and one of them passed away 144 months 
after the first surgery. On the contrary, invasion was not 
significantly associated with prognosis for grade 2a tumors 
(HR: 2.14; 95% CI: 0.83–4.98). Interestingly, we found 
that grade 2a PT with radiological invasion (Knosp ≥ 3) 
had a higher risk of progression/recurrence as compared 
to grade 2a PT without radiological invasion (Knosp < 3)  
(P  < 0.05, Supplementary Fig. 2). When assessing the tumor 
type, we found a lower risk of recurrence/progression 
for GH-positive and GH/PRL-positive tumors, while the 
comparison of secreting vs non-secreting PT according to 
the grades suggested a better prognosis of secreting PT.

Table 1 Characteristics of the population of patients (n  = 607). Size (in mm) was available for 460 tumors. Data are presented as 
mean ± S.D. or as n (%).

All Immunonegative LH/FSH GH GH/PRL PRL ACTH Other PT

Cases, n 607 143 145 116 47 27 116 13
Age at diagnosis 52 ± 15 58 ± 13 59 ± 11 47 ± 12 46 ± 13 36 ± 14 47 ± 15 44 ± 14
Follow-up 47 ± 30 48 ± 29 46 ± 32 48 ± 32 51 ± 27 42 ± 28 43 ± 28 61.8 ± 38.2
 (IQR)) 23–66 28–65 19–60 22–70 26–72 21–57 21–53 22–88
Secreting PT 287 (47%) 0 0 108 (93%) 47 (100%) 27 (100%) 97 (94%) 6 (46%)
PSMT 199 (33%) 10 (7%) 9 (6%) 92 (79%) 39 (83%) 27 (100%) 17 (15%) 6 (46%)
Radiological features
 Mean size 20 ± 10.6 26.7 ± 7.8 27.4 ± 8.5 16.7 ± 7 13.3 ± 7 16.6 ± 10.5 10 ± 7.8 22.4 ± 13.1
  Microadenoma (<10 mm) 109 (18%) 0 2 (1%) 13 (11%) 13 (28%) 9 (33%) 70 (60%) 2 (15%)
   Mean size 5.7 ± 2.8 – 6 7.5 7.2 7 4.7 7.5 ± 3.5
  Macroadenoma (≥10 mm) 498 (82%) 143 (100%) 143 (99%) 103 (89%) 34 (72%) 18 (27%) 46 (40%) 11(85%)
   Mean size 23.5 ± 8.7 26.7 ± 7.8 27.8 18.4 15.8 21.3 18.6 25.8 ± 12
  Knosp ≥ 3 192 (32%) 66 (46%) 54 (37%) 40 (34%) 7 (15%) 6 (22%) 17 (15%) 2 (15%)
Surgical outcome
 GTR 479 (79%) 96 (67%) 108 (75%) 96 (83%) 41 (87%) 20 (74%) 108 (93%) 10 (77%)
 STR 128 (21%) 47 (33%) 37 (25%) 20 (17%) 6 (13%) 7 (26%) 8 (7%) 3 (23%)
Histological features
 Ki67 (%) 2 ± 2 2 ± 3 2 ± 2 1 ± 1 2 ± 2 2 ± 3 2 ± 2 2 ± 3
 Ki67 ≥ 3% 156 (26%) 47 (33%) 36 (25%) 21 (18%) 5 (11%) 9 (33%) 35 (30%) 3 (23%)
 Mitosis 0.7 ± 1.4 0.8 ± 1.5 0.6 ± 1.2 0.6 ± 1.2 0.4 ± 0.9 0.8 ± 1.4 1 ± 1.8 0.7 ± 1.5
 Mitosis > 2/10 HPF 128 (21%) 34 (23%) 27 (18%) 20 (17%) 6 (13%) 6 (22%) 33 (28%) 2 (15%)
 p53 (positivity) 79/570 (14%) 22/128 (17%) 12/126 (9%) 18/104 (17%) 7/45 (15%) 6/25 (24%) 13/100 (13%) 1/12 (8%)
 Histological invasion 101 (17%) 24 (17%) 18 (12%) 27 (23%) 8 (17%) 3 (11%) 18 (15%) 3 (23%)
 Grade
  1a 303 (50%) 55 (38%) 72 (50%) 55 (47%) 28 (59%) 14 (52%) 72 (62%) 7 (54%)
  1b 53 (9%) 14 (10%) 10 (7%) 7 (6%) 4 (8%) 4 (15%) 13 (11%) 1 (8%)
  2a 202 (33%) 62 (43%) 53 (36%) 44 (38%) 13 (28%) 7 (26%) 20 (17%) 5 (38%)
  2b 49 (8%) 12 (8%) 10 (7%) 10 (9%) 2 (4%) 2 (7%) 11 (9%) 0
Post operative status
 MRI residue 155 (25%) 54 (37.7%) 54 (37%) 20 (17%) 6 (13%) 6 (22%) 12 (10%) 3 (23%)
 Biochemical persistence 55 (9%) 0 0 24 (21%) 10 (21%) 12 (44%) 9 (8%) 0
 Last follow-up status
  Remission/controlled 480 (79%) 98 (68.5%) 119 (82%) 93 (80%) 44 (93%) 24 (89%) 89 (77%) 13 (100%)
  Recurrence/progression 127 (21%) 45 (31%) 26 (18%) 23 (20%) 3 (7%) 3 (4%) 27 (23%) 0
   Tumor progression 116 (19%) 45 (31%) 26 (18%) 14 (12%) 3 (7%) 3 (4%) 21 (18%) 0
   Hypersecretion 42 (7%) 0 0 17 (15%) 3 (7%) 3 (4%) 17 (15%) 0

ACTH, adrenocorticotropic hormone; GH, growth hormone; GTR, gross total resection; PRL, prolactin; PSMT, pre-surgical medical treatment; STR, subtotal 
tumor resection; TSH, thyroid-stimulating hormone.
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Therapeutic management of  
progressive/recurrent pituitary tumors

Among 127 patients with progressive tumors, 114 (89.7%) 
underwent an additional first-line adjuvant therapy, 17 
(13.3%) a second-line therapy and eventually, 5 patients 
(3.9%) had ≥3 additional therapies (Fig. 3).

First-line adjuvant therapy

Adjuvant treatment after surgery concerned grade 1a 
(n = 17/20), 1b (n = 10/14), 2a (n = 57/62) and 2b (n = 30/31) 
progressive tumors (Fig. 3). The mean delay between 

surgery and this new therapeutic intervention was of 
59.9 ± 31.7, 51.1 ± 35.4, 45.5 ± 25.5 and 35.3 ± 21.8 months 
for grades 1a, 1b, 2a and 2b, respectively, a difference that 
reached statistical significance between grades 1a and 2b 
(P = 0.0181) but neither 2a (P = 0.5634) nor 1b (P > 0.99).

The treatment consisted of gamma knife radiosurgery 
(GKRS) in 60 cases (52%). In this population of patients, 
the mean follow-up was 49.4 ± 27.3 months (median: 
49 months). The median marginal dose delivered to the 
residue was 18.9 ± 4.8 Gy. Progression/recurrence was 
controlled in 55 out of 60 (91.6%) patients including 17/18 
(94.5%) with proliferative tumors (grade 1b (n = 3) and 

Table 2 Comparison of patients with pituitary tumors in remission/controlled and progressive/recurrent diseases. 

Control/remission (n  = 480) Progression/recurrence (n =  127) P - value

Age at diagnosis (mean ± s.d.) 53 ± 15 48 ± 13 0.0004
Sex (female/male, %) 54/46 45/55 NS
Follow-up (month), mean ± s.d. (IQR) 47 ± 31 (23–64) 46 ± 28 (25–67) NS
PSMT 170/480 (35%) 29/127 (22%) 0.0073
 GH-secreting PT 108/130 (83%) 20/25 (80%) NS
 PRL-secreting PT 21/21 (100%) 2/2 (100%) NS
 ACTH-secreting PT 8/78 (10.2%) 4/18 (22.2%) NS
Tumor size (mm)
Mean size of the whole cohort 18.9 ± 10.2 25.3 ± 10.9 <0.0001
Microadenoma 98 (20%) 11 (9%)
 Mean size 5.6 ± 2.8 6.1 ± 3.1
Macroadenoma 382 (80%) 116 (91%) NS
 Mean size 22.6 ± 8.3 27.2 ± 9.4 <0.0001
Radiological invasiveness (Knosp ≥ 3) 106 (22%) 86 (68%) <0.0001
Surgical outcome
 GTR 413 (86%) 66 (52%) <0.0001
 STR 67 (14%) 61 (48%) <0.0001
Histological subtype NS
 Immunonegative 98 (20%) 45 (35%)
 LH/FSH 119 (25%) 26 (20%)
 GH 93 (19%) 23 (18%)
 GH/PRL 44 (9%) 3 (2%)
 PRL 24 (5%) 3 (2%)
 ACTH 89(18%) 27 (21%)
 TSH 2 (<1%) 0
 Plurihormonal 11 (2%) 0
Histological features
 Ki67(mean ± s.d.) 2 ± 2 3 ± 3 <0.0001
 Ki67 ≥ 3% 102 (21%) 54 (42%) <0.0001
 Mitotic count (mean ± s.d.) 0.6 ± 1.2 1.3 ± 1.9 <0.0001
 Mitoses > 2/10 HPF 83 (17%) 45 (35%) <0.0001
 P53 positivity 54/442 (12%) 25/98 (25%) 0.0008
 Invasion 77 (16%) 24 (20%) NS
Histological grade
 1a 283 (59%) 20 (16%) <0.0001
 1b 39 (8%) 14 (11%) NS
 2a 140 (29%) 62 (49%) <0.0001
 2b 18 (4%) 31 (24%) <0.0001
PT residue (3 months postoperative) 75 (16%) 80 (63%) <0.0001
Hormonal hypersecretion (3 months 

postoperative)
29 (6%) 26 (20%) <0.0001

NS, non-significant; PSMT, pre-surgical medical treatment.
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grade 2b (n = 14)) (Fig. 3). Conventional radiotherapy was 
performed in 11 (9.6%) patients, all of them having grade 
2 tumors. The mean follow-up in this subset of patient 
was 38 ± 25.2 months (median: 30 months). The mean 
delivered dose was 50.2 ± 2.5 Gy (27.3 ± 1.7 sessions over 
44.9 ± 5.7 days) and tumor growth was controlled in 100% 
of cases. Finally, 23 (20%) patients had a second surgery 
in a mean delay of 37.9 ± 30.3 months (12–105 months) 
with no further tumor progression/recurrence in 61% 
(9 patients required an additional second-line adjuvant 

therapy). Other therapies were proposed in 20 (17.5%) 
patients, including steroidogenesis inhibitors in 7 patients 
with uncontrolled Cushing’s disease, SRL and/or dopamine 
agonist in 11 patients with acromegaly, dopamine agonist 
therapy in 2 additional patients, one with a prolactinoma 
and the other one with a non-secreting PT. Overall, the risk 
of having at least one more additional therapy after surgery 
with grade b tumors was 3.7-fold higher as compared to 
grade a tumors (P = 0.04).

Second- or more line additional therapies

A total of 17 patients needed a second adjuvant therapy 
(grade 1a, n = 3; grade 1b, n = 3; grade 2a, n = 6; grade 2b, 
n = 5). GKRS was performed in five patients with control of 
tumor growth in four of them (80%), while conventional 
radiotherapy resulted in control of the disease in three out 
of four patients (75%). Finally, five patients underwent 
≥3 additional therapies (Table 4), all of them carrying a 
proliferative pituitary tumor. As such, the risk of having ≥3 
stepwise therapeutic interventions with grade b tumors was 
9.5-fold higher as compared to grade a tumors (P = 0.0021).

Discussion

While considered as benign in most cases (2), the efforts 
conducted for a better histopathological characterization 
of PT have considerably changed the diagnostic approach 
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1b 53 41 26 19 13 9 7 7 5 3

2a 202 144 106 82 57 33 19 10 5 3

2b 49 34 26 18 10 5 4 1 1 1

total 607 444 329 247 183 126 81 51 31 18

Figure 2
Progression-free survival according to the histological grade of 
the pituitary tumor (1a; 1b; 2a and 2b) in patients with a 
follow-up ≥ 12 months.

Table 3 Evaluation of predictive factors for progression/recurrence of pituitary tumors in a uni- and multivariate analysis.

Univariate analysis Multivariate analysis
HR 95% CI P - value HR 95% CI P-value

Sex 1.44 0.96–2.12 0.0728 0.96 0.65–1.42 0.8448
Age (/10 years) 0.86 0.77–0.97 0.0147 0.83 0.72–0.95 0.0069
Size of the tumor
 Microadenoma (<10 mm) 1 – – 1 – –
 Macroadenoma (≥10 mm) 2.70 1.42–5.09 0.0017 1.16 0.54–2.61 0.7037
MRI invasion (Knosp ≥ 3)
 No 1 – – 1 – –
 Yes 7.40 4.77–11.38 <0.0001 2.82 1.39–6.62 0.0028
Histological subtype
 Immunonegative 1 – – 1 – –
 LH/FSH 0.48 0.28–0.81 0.0093 0.64 0.39–1.03 0.0673
 GH 0.54 0.31–0.96 0.0464 0.57 0.32–0.97 0.0399
 GH/PRL 0.15 0.04–0.47 0.0004 0.22 0.06–0.58 0.0013
 PRL 0.27 0.08–0.86 0.0356 0.35 0.09–1.00 0.0506
 ACTH 0.66 0.38–1.14 0.1640 1.10 0.60–1.96 0.7575
Grade
 1a 1 – – 1 – –
 1b 5.08 2.45–10.63 <0.0001 3.27 1.59–6.56 0.0017
 2a 6.47 3.83–11.04 <0.0001 2.14 0.83–4.98 0.1101
 2b 22.80 10.77–46.24 <0.0001 4.80 1.85–11.29 0.0021
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of these lesions. By the analysis of proliferative markers, 
distinction between invasive and non-invasive tumors 
and, eventually, establishing a score based on a five-
tiered classification, Trouillas and coworkers provided a 
reliable predictive grading system for the evolutionary 
risk of a PT (11). Three other independent cohort of 
patients validated this classification (14, 15, 16, 17), with 
a total of 2077 patients including our work. We here 
show that grade 2b tumors have an independent 4.8-
fold increase risk of recurrence/progression with respect 
to grade 1a tumors. Moreover, progression-free survival 
was significantly shortened when the tumor was either 
invasive or proliferative as compared to their non-invasive 
and non-proliferative counterparts. Furthermore, the two 
patients who developed metastasis had grade 2b tumors, 
making this classification also a remarkable approach to 
the continuum that exists between aggressive tumors and 
carcinomas, a concept also known as the two sides of the 
same coin (18). With respective grade 1a, 1b, 2a and 2b of 
50, 8.7, 33 and 8%, our cohort is roughly similar to the one 
published by Raverot and coworkers (15), strengthening 
its representativity as a population of patients from an 
expert pituitary center. However, our cohort also shows 
some differences. We had less LH/FSH immunopositive 

tumors because we classified a significant number of cases 
as immunonegative, a definition which should now apply 
to PT negative for mature hormones when the reactivity 
for transcription factors is unknown or not performed (19). 
In past studies, it is likely that immunonegative tumors 
were classified as null cell tumors, a subtype which exhibit 
features of tumors from the gonadotroph lineage (20). We 
also had fewer lactotroph tumors in our cohort, an obvious 
consequence of the surgical recruitment of our population 
and because medical therapy usually represents the first-
line option for these tumors (21). However, in the study 
by Asioli and coworkers (14, 17), a quite high proportion of 
operated prolactinomas (up to 15%) was observed, which 
could be related to the fact that pituitary surgery is actively 
discussed in expert pituitary center as a first-line option for 
lactotroph tumors (22). We paid attention to distinguish 
silent and secreting GH or ACTH tumors and identified 19 
(3.1%) of silent corticotroph tumors (siACTH), a prevalence 
close to the one observed (4.8%) in the literature (23). 
Recurrence rate of siACTH reached 47%, the highest in our 
study; however, only 3 out of 19 (15%) of these tumors were 
proliferative, and the remaining cases were grade 2a. These 
findings are in line with those of Lelotte and coworkers 
(16) and prompted us to speculate that relapse of siACTH 

Figure 3
Therapeutic sequences following the first pituitary surgery. GKRS, gamma knife radiosurgery. Other therapy can include 
steroidogenesis inhibitors, somatostatin receptor ligands, and dopamine agonists alone or in combination. The abbreviation PC 
above the arrow means that the patient was diagnosed with pituitary carcinoma from this point.
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is rather a consequence of their invasiveness more than a 
sustained proliferative activity an assumption supported 
by a recent work showing a highly activated epithelial-
to-mesenchymal transition mechanism in siACTH (24). 
Likewise, the large study conducted by Langlois et  al. 
over 39 cases of siACTH showed that all the tumor had 
Ki67 < 3% and only 1 had P53 positivity (23). At the clinical 
level, the young age has constantly been identified as an 
independent predictor of recurrence/progression in PT (15, 
16), even though clear molecular explanations are lacking. 
Part of them could be that germline mutations in AIP 
and MEN1 that are mainly found in young patients with 
macroadenomas (25) lead to a more aggressive phenotype, 
in particular for AIP (26) or because molecular mechanisms 
of pituitary tumorigenesis, when occurring at a young 
age, likely predispose to more aggressive tumors. This fact 
could explain why we observed a 17% decrease in the risk 
of recurrence for every decade achieved following the age 
at diagnosis of the patient.

Whether proliferation without invasion, or the other 
way around, is the most critical for tumor recurrence is 
still discussed. Our study shows that invasion was not 
significantly associated with a higher risk of recurrence/
progression, a controversial finding in the literature 
(15, 16). However, we show that radiological invasion 
(Knosp ≥ 3) within the cavernous sinus invasion is 
associated with a high risk of recurrence, as was observed 
in a study that included more than 500 cases of PT (27). 
Conversely, our study also shows that grade 2a tumors 
that were considered invasive because of histological 
microinvasion had a significantly lower risk of recurrence/
progression as compared to those with radiological 
invasion. This discrepant outcome, within the same grade 
of PT, should question the necessity to distinguish grade 
2a tumors with radiological invasion from grade 2a tumors 
with microscopic invasion, especially when it comes to 
personalizing the follow-up of the patient. The proliferative 
status of the classification relies on the determination of 
Ki67, P53 and mitotic count which also raises questions. It 
is currently unknown whether positive P53 or high mitotic 
count really provide added values to a high Ki67 value. By 
using predictive models, Pappy II et al. showed that tumors 
exhibiting cavernous sinus invasion and high Ki67 had the 
worst outcome than tumor with high Ki67, mitotic count 
and positive P53 staining (27). A prospective study that 
will assess the evolutionary risk of PT stratified according 
to their Ki67, P53 and mitotic count respective values 
would undoubtedly mark a step forward to clarify this 
issue. Our study failed to identify the size as a predictive 
factor or progression/recurrence; however, this could be 

related to the mean maximal diameter or our cohort (only 
20 ± 10.6 mm). Indeed, a previous study suggested that 
pituitary tumors that were invasive to the cavernous sinus 
with high Ki67 value were even further at risk of recurrence 
if their maximal diameter was ≥2.9 cm (27). This data 
could warrant clinicians to set up the patient’s follow-up 
depending on the grade of the tumor and also its maximal 
diameter, especially if the latter exceeds 2.9 cm.

Applying a decision-making personalized medicine 
based on the tumor grade is questionable. To the best of 
our knowledge, our study is the first to put into perspective 
the therapeutic outcomes of the patient and the grade of 
the tumor. We show that progression/recurrence led to 
a new therapeutic intervention in 90% of patients and 
concerned 5.6% grade 1a, 18.9% grade 1b, 28.2% grade 
2a and eventually, 73.2% grade 2b tumors, respectively. 
Interestingly, patients with proliferative tumors had a 
significantly higher risk to undergo adjuvant therapies 
following primary surgery even though, the treatment 
could have also been indicated because of persistent 
hypersecretion, a condition that was not necessarily 
related to tumor growth. Overall, the control of the 
disease was achieved in 85% of cases following this first-
line additional therapy. Our study further demonstrates 
that GKRS and conventional radiotherapy succeed to 
control tumor progression in 91.6 and 100% of cases, 
respectively, including a majority of proliferative tumors. 
As such, five patients (less than 1% of the whole cohort) 
underwent three or more additional therapies and four 
of them had grade 2b tumors. Whether the existence of 
grade 2b PT residue at 3 months postoperative should 
lead to additional radiotherapy is a relevant question 
that would deserve to be seriously investigated. GKRS 
could be a suitable option (13), recent data suggesting 
its safety over neurocognitive consequences in the long 
term (28). Likewise, conventional radiotherapy, used for 
the treatment of pituitary tumors, slightly increased the 
risk of second brain tumors, however, with a much lower 
incidence than previously feared (29). Finally, due to 
its retrospective nature, our study has obvious inherent 
limitations. A non-negligible number of patients, 
especially those with acromegaly, were pretreated with SRL 
and/or dopamine agonist before surgery. To what degree 
this treatment impacts the proliferative activity of the 
pituitary tumor is questionable. Previous studies showed 
that SRL significantly decrease both the tumor volume 
and Ki-67 proliferation index in acromegalic patients 
(30, 31). This could result in an underestimation of grade 
b tumors and be the cause of the significantly lower risk 
of progression we observed in GH and GH/PRL subtypes. 
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However, our distribution of tumor grades was comparable 
to the one of other groups, who did not systematically 
use presurgical medical treatment. The retrospective 
data compendium did not allow us to get all the 
histopathological details of the tumors known to influence 
tumor growth or progression, like it was described for the 
granulation pattern of somatotropinomas. However, a 
recent study suggested that the granulation pattern of 
somatotropinomas was not an independent predictor of 
remission (32).

In conclusion, we validated that Trouillas’ classification 
is a suitable grading system that should be evaluated 
in individual tumors for the identification of clinically 
aggressive tumors. Among the latter, grade 2b tumors 
expose the patient to repeated multimodal therapies 
that should raise the discussion of a precocious adjuvant 
therapy in a personalized medical approach.
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