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Abstract
Purpose Cavernous sinus invasion by pituitary adenomas is an important prognostic factor for evaluating the possibilities 
of complete remission and to guide patient management. A widely used Magnetic Resonance Imaging grading system, 
suggested by Knosp in 1993, has recently been revised by the same group. The aims of our study were to apply this revised 
grading system to our surgical series, to determine its association with surgical outcomes, gross-total resection (GTR) and 
endocrinological remission (ER), paying particular attention to grades 3A and 3B, which represent the novelty of this revised 
classification.
Methods We included consecutive patients who underwent endoscopic endonasal surgery for a macroadenoma from Sep-
tember 2012 to December 2016. MRI images were reviewed and classified according to the revised Knosp classification. 
Surgical reports indicated the intra-operative CS invasion. GTR and ER were evaluated on 3-months post-operative MRI 
and endocrine evaluation.
Results 254 patients were included in this study. We found a total rate of cavernous sinus invasion of 18.4%. Different out-
comes were observed for each grade, with an increased rate of cavernous sinus invasion with each grade. Per-operative rates 
of invasion were 61.5 and 78.6% in grades 3A and 3B respectively. GTR was negatively correlated with the grade, while 
rates were 55.8% and 30.0% for grades 3A and 3B respectively.
Conclusion The revised Knosp radiological classification contributes to the prediction of surgical outcomes and early ER in 
pituitary adenomas. To manage, as precisely as possible, the risk of early recurrence in pituitary adenomas, clinicians should 
also consider other recognized prognostic factors, such as the proliferative status of the tumor.
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Introduction

Pituitary adenomas are classically considered to be benign. 
However, a significant number of these tumors have an 
aggressive behavior. The prognosis of complete remis-
sion, tumor progression or invasive status of a pituitary 
adenomas can be evaluated using clinical, radiological, 
surgical and histopathological features [1–6] One of these 
predictive factors is the invasion of surrounding struc-
tures, particularly the sellar floor and parasellar extension, 
which is associated with a higher risk of subtotal tumor 
removal and therefore a higher risk of relapse [2, 7–11]. 
Even though invasiveness alone is not directly related to 
tumor aggressiveness, its evaluation by MRI, along with 
tumor dimensions and growth, forms part of the definition 
of aggressive pituitary tumors [12].

Cavernous sinus invasion is known to be particularly 
frequent, and is strongly associated with an increased risk 
of incomplete resection [13, 14]. Even though surgical 
inspection is the most effective technique for evaluation 
of this invasion [15, 16], a preoperative approach assess-
ing the tumor’s invasive character has prognostic value 
and helps in designing an appropriate management of the 
patient before and after surgery [4, 11].

In order to preoperatively quantify the cavernous sinus 
invasion, in 1993 Knosp et al. suggested a now globally-
used reference grading system of pre-operative magnetic 
resonance imaging (MRI), based on the comparison 
between detection of cavernous sinus invasion on MRI 
scans and surgical microscopic trans-sphenoidal observa-
tion [15, 17].

This classification has recently been re-evaluated and 
updated by the same group [18], taking into account 
the improvements in intra-operative observation due to 
improved endoscopic technologies, thus providing better 
rates of tumor removal and lower rates of complications 
[19]. This revised classification was evaluated using sur-
gical findings, along with the gross-total resection (GTR) 
and endocrine remission (ER) in functioning pituitary 
adenomas. The novel aspect of this grading system is to 
differentiate superior or inferior cavernous sinus compart-
ment invasion in grades 3A and 3B. Indeed, Micko et al. 
[18] observed different outcomes in these two grades, 
with a per-operative invasion rate of 26.5% for grade 3A 
and 70.6% for grade 3B, associated with a GTR of 85% 
and 64% and endocrine remission rates of 67% and 0% 
respectively.

The aim of our study was to validate the modified 
Knosp classification on our pituitary adenoma series, by 
comparing neuro-radiological pre-operative findings and 
cavernous sinus invasion observed in intra-operative endo-
scopic endonasal assessment. In order to determine the 

role of this pre-surgical MRI grading system in predicting 
GTR and early ER, we aimed to compare these findings 
with post-operative radiological, biochemical and clinical 
assessments.

Materials and methods

Study population

We retrospectively reviewed a series composed of all con-
secutive adult pituitary adenomas recorded in a local data-
base (PITUICARE-Lyon, registered with the French data 
protection agency CNIL, 16-0.21, and clinicaltrials.org, 
NCT02854228), who were surgically treated for the first 
time (i.e. no recurrence) by a single expert neurosurgeon 
from September 2012 to December 2016, in the pituitary 
referral center of Lyon (Hospices Civils de Lyon). Only 
pathologically confirmed pituitary adenomas were included 
in this study. We excluded microadenomas, non-endoscopic 
endonasal surgeries, and surgeries performed for recurrent 
tumors. Cases lacking a proper pre-operative MRI, or with-
out sufficient data were also excluded. One death occurred 
the day after surgery, and was also excluded. The inclusion 
and exclusion flow chart is shown in Fig. 1.

All patients were pre-operatively evaluated by a single 
expert neurosurgeon, and underwent complete pre-opera-
tive endocrine testing [gonadotropins (FSH-LH), prolactin 
(PRL), adrenocorticotropic hormone (ACTH), cortisol, thy-
roid stimulating hormone (TSH), Free-T4 (FT4) and growth 
hormone (GH)], in order to evaluate their functional status. 
At least one pre-operative MRI-scan was performed on each 
case, less than 6 months before surgery, to assess the tumor 
size and Knosp grade. All MRI-scans included T1-weighted 
coronal slices with and without contrast enhancement, and 
T2-weighted slices were available for most cases, as well as 
pre-operative navigation planning.

All patients underwent endonasal endoscopic surgery, 
with a complete or partial resection. Pathological exami-
nation and proliferation grading was performed on each 
resected pituitary adenomas, according to Trouillas et al. [3]. 
Each patient underwent MRI-scan with and without contrast 
enhancement, to assess the GTR at 3 months post-surgery. 
Endocrine remission (ER) was evaluated in those patients 
presenting with functioning pituitary adenomas 3 months 
post-operatively. ER was defined by normal IGF1 and sup-
pressed GH (< 0.4 µg/L) after oral glucose tolerance test for 
somatotroph adenomas, normal 24 h- free urinary cortisol 
and suppressed 8am cortisol level after 1 mg Dexamethasone 
test for corticotroph adenomas; normal prolactin level for 
lactotroph adenomas and normal TSH and T4 for thyrotroph 
adenomas.
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Data was collected by reviewing patients’ medical 
records.

Radiological evaluation and MRI‑grading

A single radiologist, using the pre-operative MRI-scans, 
performed the neuro-radiological grading of each cav-
ernous sinus. The grading was performed according to 
the modified Knosp grading system suggested by Micko 
et al. [18]. The radiologist was blinded for intra-operative 
observation results and for other data concerning the ana-
lyzed cases. According to the modified Knosp classifica-
tion, the neuro-radiological evaluation was based on the 
tumor extension, either passing or not passing beyond 
medial and lateral tangents to the intra-cavernous and 
supra-cavernous internal carotid arteries (grade 0 to 4). 
The novel aspect of this modified classification is the dif-
ference between the tumor extension into the inferior and/
or the superior cavernous sinus compartment (Grade 3A, 
3B) [17]. Grade 4 corresponded to the total encasement 
of the intra-cavernous carotid artery. The tumor size in 
three dimensions was also collected.

Surgical technique and findings

Most cases followed the same operative scheme, using a 
uninostril trans-sphenoid endoscopic endonasal approach 
to the sella turcica, which allows maximal efficiency and 
minimal invasiveness in surgical and endocrine outcomes 
[20]. Invasiveness of each cavernous sinus and intra-
operative observations were systematically reported on 
the operating record. The cavernous sinus was considered 
as showing no invasion if the medial wall was intact after 
tumor removal. The surgeon presumed the cavernous sinus 
to be invaded when the medial wall was found completely 
or partially opened, sometimes with direct vision of the 
internal carotid during surgery at the final exploration with 
angle endoscopes. Each questionable situation was classi-
fied as invasive. Sphenoid sinus invasion status was also 
reported. The extent of surgical tumor resection was con-
sidered as subtotal or complete, according to the surgeon’s 
judgment at the end of the surgery, and was systematically 
reported in surgical records. These results were also col-
lected, and recorded as complete intra operative removal 
(CIOR).

Fig. 1  Inclusion and exclusion flow-chart. 254 patients were included in this study
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Tumor characteristics and functional status

All cases consisted of macroadenomas (i.e. diam-
eter ≥ 10 mm). Tumor diameter was reported with the 
radiological evaluation. We allocated the 254 pituitary 
adenomas into two subtypes: functioning and non-func-
tioning pituitary adenomas (NFPAs). Functioning pitui-
tary adenomas were ACTH, GH, TSH and PRL adenomas 
with secreting activity shown on the pre-operative evalu-
ation. Where there was preoperative medical treatment in 
cases of functioning pituitary adenoma, this was reported. 
Pituitary adenomas were considered as non-functioning if 
they were either gonadotropinomas (FSH-LH), null-cell, 
or silent pituitary adenomas. These latter represented the 
ACTH, TSH, GH and PRL hormonal subtypes, that had 
no pre-operative endocrine secreting activity shown by 
pre-operative endocrine testing.

Pathology

Pituitary tumor samples were systematically collected 
intra-operatively and sent for pathological analysis. After 
confirmation of the nature of the tumor, the pathological 
subtype was determined by immuno-staining. Markers of 
the cell cycle (Ki67, mitotic figures) and P53 were evalu-
ated to determine the proliferative status of the tumor, as 
the proliferative status is recognized to be a prognostic and 
predictive factor of remission and progression. According to 
a multicentric retrospective case–control study in 2013 [3], 
proliferation was histologically defined by the presence of at 
least 2 of the 3 following criteria: Ki67 > 3%, mitoses > 2/10 
High Power Field (HPF), and P53 positive (> 10 strongly 
positive nuclei/10 HPF). Proliferative status was not avail-
able for four cases because of the samples being either too 
small to be analysed or the sample being necrotic.

Follow‑up, gross total resection and endocrine 
remission

Each patient of this series was systematically followed 
3 months post-operatively, with a 3 months post-operative 
MRI-scan with and without contrast enhancement. The MRI 
scans were evaluated additionally by the neurosurgeon who 
performed the surgery, to determine the presence of tumor 
residue. In case of doubt, the next follow-up MRI-scan was 
evaluated to determine the GTR. Two scans amongst all 
post-operative MRI-scans were not available.

Each patient treated for a functioning pituitary adenoma 
underwent endocrine testing in order to detect any persistent 
secretion to determine endocrine remission (ER). This result 
was unavailable for two cases.

Data analysis

The quantitative characteristics of the patients and tumors 
were described using the median, the minimum and the 
maximum values. Qualitative characteristics were described 
using the absolute and relative frequencies in each category. 
The sensitivity and specificity of the Knosp grading system 
(positive for grade ≥ 3A) and the modified Knosp grading 
system (positive for grade ≥ 3B) for the diagnosis of cavern-
ous sinus invasion were estimated with their 95% confidence 
interval (CI) built using the method of Wilson. We compared 
the two grading systems by using the McNemar test, which 
allows comparison of paired proportions. The comparisons 
of proportions between independent groups were carried 
out using the Chi square test or the Fisher exact test. The 
homogeneity of the Ki67 marker staining according to the 
maximum grade of each tumor was examined using the test 
of the median. Statistical analyses were carried out using 
SPSS software (version 21.0) and R software (version 3.2.1).

Results

Our series included 254 patients. The male–female ratio 
was 1:0.85. The median age was 56.0 years (range 17–85). 
Clinical, radiological and histological characteristics are 
summarized in Table 1. The majority of cases were non 
functioning pituitary adenomas (NFPA) (n = 72), and most 
of these were gonadotroph tumors. Among the functioning 
pituitary adenomas (FPA) (n = 82), the majority were soma-
totroph (64.6%) followed by lactotroph (17.1%), corticotroph 
(12.2%) and thyrotroph (6.1%).

Twenty-eight cases received pre-operative treatment in 
order to reduce the tumor size before surgery and/or con-
trol the secretion and clinical symptoms. Three NFPA cases 
received a dopamine agonist pre-operatively for elevated 
serum prolactin, which were in fact due to pituitary stalk 
compression. Among treated cases, 10 were lactotroph, and 
13 were somatotroph. The majority of medically pre-treated 
cases were surgically treated due to failure or incomplete 
response to treatment (20 cases) or treatment intolerance 
(1 case). Two cases were treated pre-operatively in order to 
reduce the tumor volume. All cases were macroadenomas. 
The average tumor diameter was 23.7 mm ± 8.2 mm.

Of the 254 cases, and using the revised Knosp classifica-
tion by Micko et al, “Invasion of the cavernous sinus space 
in pituitary adenomas.”, we found 46 (18.1%) grade 0, 67 
(26.4%) grade 1, 67 (26.4%) grade 2, 52 (20.5%) grade 3A, 
12 (4.7%) grade 3B and 10 (3.9%) grade 4.

Among the 508 cavernous sinuses, 207 (41.4%) cav-
ernous sinuses were grade 0, 132 (26.4%) were grade 1, 
85 (17.0%) were grade 2, 52 (10.3%) were grade 3A, 14 
(2.8%) were grade 3B, and 11 cavernous sinuses (2.2%) were 
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classified as grade 4. Lastly, 7 could not be interpreted on 
the pre-operative MRI-scan (Table 1).

Invasion of the sphenoid sinus was present in 33 cases 
(12.9%), of which 4 (12.1%) were classified grade 0, 7 

(21.2%) grade 1, 5 (15.1%) grade 2, 10 (30.3%) grade 3A, 1 
(3.0%) grade 3B, and 6 (18.2) grade 4.

Surgically observed invasion

In total, intra-operative parasellar invasion was observed in 
79 cases (31.1%). As thirteen patients had both cavernous 
sinuses invaded, we found in total 92 invaded cavernous 
sinuses (17.8%) (Table 2). Four grade 0 cavernous sinuses 
(1.9%) were found to be invasive. Parasellar extension 
Grades 1 and 2 were found to be invasive in respectively 11 
(8.3%) and 20 (23.5%) cavernous sinuses. Among pituitary 
tumors with parasellar extension into the superior cavernous 
sinus compartment (Grade 3A), 32 (61.5%) were found to 
be invasive. As for the parasellar extension into the infe-
rior compartment (Grade 3B), 11 (78.6%) were found to be 
invasive. All 11 parasellar extensions grade 4 were invasive 
(100%) (Table 2). The trend of these results was statistically 
significant.

Table 2 also shows results for sensitivities, specificities, 
positive predictive value (PPV) and negative predictive 
value (NPV) of tests considering cavernous sinus invaded 
beyond grade 3 (1993 Knosp classification [17]) or beyond 
grade 3A (2015 revised classification [18]). The differences 
between the two sensitivities, specificities, PPV and NPV 
were statistically significant (p < 0.001).

Parasellar extension and GTR results

Complete intra-operative tumor removal (CIOR) was 
achieved in 211 cases of our series (84.2%). As reported 
in Fig. 2, the proportion of complete resection decreased 
as the maximum grade for each pituitary tumor increased 
(p < 0.001). Almost all grade 0 (98%) were completely 
removed while no grade 4 could be peri-operatively consid-
ered as completely resected. Grades 1 and 2 showed similar 
results. We observed different surgical outcomes between 
grades 3A and 3B, which were completely removed in 37 
(71.2%) and 4 (33.0%) of cases respectively.

The rate of GTR was negatively correlated with the tumor 
grade (p < 0.001). Grades 0, 1 and 2 were associated with 
similar high GTR rates. Lower GTR rates were found for 
grades 3A (n = 29; 56.0%), 3B (n = 3; 25.0%) and 4 (n = 1; 
10%). GTR data were missing for two cases. The extent of 
resection and GTR results are shown in Fig. 2. Due to the 
limited number of cases, no statistically significant differ-
ence could be observed between post-operative results for 
grades 3A, 3B.

Parasellar extension and Endocrine remission

Results are described in Fig. 2. In total, 44 (55%) func-
tioning adenomas were considered in endocrine remission 

Table 1  Patients and tumors characteristics of our series of 254 cases

This table also shows sensitivities, specificities, PPV and NPV for 
different thresholds beyond which CS could be considered as invaded
a Parasellar grading, according to Micko et al. [18]
b Proliferation grading, according to Trouillas et al. [4]
CS Cavernous sinus, ACTH adrenocorticotropin hormone, GH 
Growth hormone, PRL Prolactinoma, TSH Thyroid stimulating hor-
mone, FSH-LH gonadotropinoma, NA non analysable

Characteristic Value

Sex, male/female 1/0.85
Age (average) (range) 56.0 (17–85)
Parasellar  gradinga (no. Total) (%)
 Grade 0 207 (41.3)
 Grade 1 132 (26.4)
 Grade 2 85 (17.0)
 Grade 3A 52 (10.3)
 Grade 3B 14 (2.8)
 Grade 4 11 (2.2)

Sphenoidal sinus invasion [no. (%)] 33 (12.9)
Sphenoidal sinus and CS invasion [no. (%)] 20 (7.9)
Diameter (average ± SD) (mm) 23.7 ± 8.2
 10–19 mm [no. (%)] 91 (38.8)
 20–29 mm [no. (%)] 103 (40.8)
 30–39 mm [no. (%)] 51 (20.0)

 ≥ 40 mm [no. (%)] 9 (3.5)
Hormonal subtype [no. (%)]
 Non functioning 172 (67.7)
  FSH-LH 137
  Null-cell Pit-NET 14
  Silent GH 7
  Silent ACTH 7
  Silent TSH 4
  Silent PRL 3

 Functioning 82 (32.3)
  GH 53
  PRL 14
  ACTH 10
  TSH 5

 Preoperative treatment [no. (%)] 28 (11.0)
Proliferationb [no. (%)]
 Non proliferative 206 (81.1)
 Proliferative 44 (17.3)
 NA 4 (1.6)

Ki67 (median ± SD) (%) 1.4 ± 2.9
 < 3% 197 (77.6)
 ≥ 3% 54 (21.6)
 NA 3 (1.2)
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at the three months post-operative evaluation. Thirteen 
functioning pituitary tumors (4 ACTH; 5 GH, 4 PRL) 
presented persistent hormonal hypersecretion without 

visible residual tumor. Moreover, one functional soma-
totroph tumor presented post-operative residual tumor 

Table 2  Surgical observation of 
cavernous sinus (CS) for each 
MRI grade according to the 
1993 and 2015 classifications

a Grade according to the 1993 Knosp classification
b According to the revised classification suggested by Micko and al [20]
PPV Positive predictive value, NPV negative predictive value

Knosp 1993 Knosp 2015

Gradea Parasellar invasion [no./Total no. 
(%)]

Gradeb Parasellar invasion [no./
total no. (%)]

0 4/207 (1,9) 0 4/207 (1,9)
1 11/132 (8,3) 1 11/132 (8,3)
2 20/85 (23,5) 2 20/85 (23,5)
3 43/66 (65,2) 3A 32/52 (61,5)
4 11/11 (100) 3B 11/14 (78,6)

4 11/11 (100)
Total 92/501 (17,8) Total 92/501 (18,7)
Sensitivity 60,7 [CI 95 (50,3; 70,2)] Sensitivity 24,7 [CI 95 (16,9; 34,6)]
Specificity 94,4 [CI 95 (98,1; 96,3)] Specificity 99,3 [CI 95 (97,9; 99,8)]
PPV 70,1 [CI 95 (58,2; 79,2)] PPV 88,0 [CI 95 (70,0; 95,8)]
NPV 91,8 [CI 95 (88,8; 94,0)] NPV 86 [CI 95 (82,6; 88,8)]

Fig. 2  Complete intraoperative removal (CIOR), gross total resec-
tion (GTR) and endocrine remission (ER) for each grade according to 
the revised Knosp classification grading system for the whole cohort 

(p < 0.05). (CIOR: Complete intra operative removal; GTR: Gross 
total resection; ER: Endocrine remission, for FPA)
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without showing biochemical signs of hypersecretion 
(Normal IGF1 and GH suppression on oral glucose toler-
ance test).

Proliferation and Ki67

As shown in Table 3, the proportions of patients whose 
tumors showed histological proliferation were not statisti-
cally different according to the maximum grade of the tumor 
(p = 0.87). From grade 0 to grade 4, the proliferation rate 
varied from 14.3 to 24.3%. The results were approximately 
the same with the Ki67 proliferation marker, which was 
found to be greater than or equal to 3% for 14.2% to 30% of 
each grade. The Ki67 median values were not statistically 
different according to the maximum grade of each tumor 
(p = 0.75).

Discussion

We examined a large series of 254 cases of pituitary 
adenomas, and demonstrate the association between the 
revised Knosp grading system and the endoscopic endo-
nasal surgical inspection. In our study, population and 
tumor characteristics were similar to those in the revised 
Knosp grading system [18]. As expected, the proportion 
showing parasellar invasion increased significantly as the 
maximum grade increased. The originality of the revised 
Knosp classification resides in the subdivision of grade 
3 into grades 3A, passing into the superior compartment 
of the cavernous sinus, and 3B passing into the inferior 
compartment. Despite a similar number of 3A grades (49 
vs. 52) the rate of per-operative invasion in Grade 3A 
was higher (61.5%) in our series compare to 26.5% found 
by Micko et al. One could argue that our intra-operative 
observation was more pessimistic thus overestimating true 
cavernous sinus invasion. Indeed, post-operative evalua-
tion demonstrated a GTR in 71.0% of grade 3A however, 
no ER were noted in the 8 functioning adenomas compared 
to 85% and 67% respectively for grade 3A in the series of 

Micko et al. For Grade 3B adenomas, the rate of surgi-
cally observed invasion and ER showed a similar tendency 
(78.6 vs. 70.6%) and (20% vs. 0%) in both series but not 
GTR (33% in our series vs. 64%). This discrepancy indi-
cated that intra-operative parasellar invasion for grade 3A 
remains a very subjective judgement, and therefore can be 
differently interpreted depending on the surgeon. We had 
the advantage in our series, to have a single neurosurgeon 
interpreting the invasiveness of the pituitary tumor in each 
cavernous sinus, thus limiting the interpretation bias [21, 
22]. Moreover, the absence of ER in functioning pituitary 
adenomas underlines the limitation of this classification to 
predict invasion and the likelihood of cure after surgery. 
Ten functioning pituitary adenomas continued to show 
persistent hormone secretion, despite the absence of resid-
ual tumor on the 3 months post-operative MR-imaging. 
We chose to analyze the outcome at an early time-point in 
our series, but longer follow-up may have shown residual 
tumor images, temporally distant from surgery and imag-
ing artefacts.

As a consequence of sellar floor and dural invasion, sphe-
noid sinus invasion can also be considered as a prognostic 
factor [8, 23]. Among all pituitary tumors, only two cases 
(one gonadotroph and one silent thyrotroph tumor) present-
ing intra-operative sphenoid sinus invasion only (i.e. no right 
or left CS invasion) presented post-operative residual tumor. 
Absence of ER was observed in 6 functioning pituitary 
tumors with both cavernous and sphenoid sinus invasion, 
and we were therefore unable to determine the role of each 
or both extensions in the absence of remission.

French guidelines for managing NFPAs recommend sur-
gery based on several criteria, such as the natural evolution 
of NFPAs, proximity to the optic chiasma, and the risk of 
pituitary insufficiency [24, 25]. According to Chen et al., 
12–46% of patients with operated NFPAs experience tumor 
regrowth [26]. Recent studies and meta-analysis report 
better early and long term outcomes in asymptomatic and 
small NFPAs [11, 26–30]. This revised Knosp grading sys-
tem could additionally contribute to the prediction of surgi-
cal outcomes and an early surgical management of NFPAs. 

Table 3  Pathological 
proliferation status and Ki67 
marker status for each grade 
of the revised Knosp grading 
system

a Grade corresponds to the maximum grade of each case

Gradea Proliferation Ki67 ≥ 3% Ki67 (%)

No. % No. % Median Range

Grade 0 6/30 20.0 6/30 20.0 0.9 0–40
Grade 1 7/49 14.3 10/49 20.4 1.4 0.1–10
Grade 2 13/55 23.6 13/55 23.6 1.5 0–6
Grade 3A 9/36 25.0 9/36 25.0 1.5 0–8
Grade 3B 1/7 14.3 1/7 14.2 1.3 0.7–5
Grade 4 2/10 20 3/10 30 1.4 0.1–5
Total 38/189 20.2 42/189 22 1.4 0–40
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However, persistence of post-operative residual tumor is not 
always associated with progression during follow-up, indi-
cating that additional risk factors must be considered [7].

GTR outcomes were better for null-cell and gonadotroph 
tumors, than for silent pituitary adenomas. The number of 
silent pituitary adenomas in our series was too few to associ-
ate the cavernous sinus invasion status and the MRI grade 
of each type of silent pituitary tumor. In the literature, some 
studies have reported an earlier and more aggressive recur-
rence for silent adenomas, especially silent corticotroph 
adenoma [31–34], though this remains controversial [35]. 
Yamada et al. and Langlois et al. [36, 37] reported, in large 
series of NFPAs, cavernous sinus invasion in 85% cases of 
silent corticotroph adenomas. Our results are different, with 
only 7 silent corticotroph adenomas (one grade 2, 3A and 3B 
and two grade 0 and 1), each considered to be in GTR at the 
3 months evaluation. Additionally, 6 of the 7 silent somato-
troph tumors of our series were found to be in GTR. Several 
studies have reported relapse rates in silent pituitary tumors 
similar to that of gonadotroph tumors. However, Langlois 
et al. [38, 39] have suggested that monohormonal tumors, 
expressing exclusively GH, are more aggressive compared 
to plurihormonal tumors (GH with staining for PRL and/
or TSH).

As only a minority of our cases received medical treat-
ment to reduce tumor volume before surgery, we could not 
predict the effect of pre-treatment on surgical outcome. 
Although Castinetti et al. showed somatostatin agonist pre-
treatment in acromegaly reduced tumor volume in about 
25% of cases and might reduce the rates of immediate post-
surgical complications, no difference in surgical remission 
rates could be shown [40]. Surgery in macro-prolactinomas 
is recommended in the case of resistance to medical treat-
ment, which was the case in most of our macro-prolactinoma 
cases [41, 42].

In our study no association was found between radiolog-
ical grading and pathological proliferation grade or Ki67 
expression. These findings underline the independence of 
these two tumor properties and the importance of combining 
several factors in predicting pituitary tumor behavior and 
aggressive status [3, 43, 44].

Conclusion

Our study validates the revised Knosp grading system as an 
important predictor of pituitary tumors in terms of cavernous 
sinus invasion, and its contribution to the prediction of GTR 
and ER. It underlines the importance of a careful follow-
up in all pituitary tumor subtypes and a first-line surgical 
management in early stages of cavernous sinus extension, 
in order to increase the chances of complete remission. To 
be as effective as possible in predicting pituitary tumors 

outcomes and aggressive status, we suggest this radiologi-
cal classification system to be taken into account along with 
other recognized predictive factors, such as pathological 
findings. Other risk factors must however be considered to 
aid in prediction of recurrence and progression.
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