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Abstract The aim of the study was to establish if the null cell
adenoma (NCA) forms a distinct subgroup with unique clin-
icopathological characteristics within the nonfunctioning pi-
tuitary adenoma group particularly in relation to the silent
gonadotroph adenomas (SGAs). We identified 31 patients
with the pathological diagnosis of NCA verified by routine
histology and immunohistochemistry with distinct differenti-
ation from SGAs by an established negative testing for SF-1 at
the Toronto Western Hospital between December 2004 and
August 2010. We reviewed their demographic data, clinical
features, magnetic resonance imaging, and the histologic var-
iables: MIB-1, FGFR4, and P27. We compared these to 63
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SGAs identified within the same period. All the NCAs were
macroadenomas with diameter ranging from 15—57 mm and
tumor volumes between 1.95-53.5 mm®. Preoperative cavern-
ous sinus tumor growth was able to predict the presence of a
residual after surgery (p=0.023). Furthermore, preoperative
cavernous sinus extension (p=0.002) and negative P27 ex-
pression (p=0.035) were able to independently predict the
subsequent growth of the postoperative tumor residual. Com-
paring the NCA to SGA, we found that MIB-1 was higher in
NCA (mean+SD=3.43+2.76 %) compared to SGAs (mean+
SD=2.49+1.41 %) (p=0.044). The preoperative and postop-
erative tumor volume doubling times (TVDTs) displayed a
negative correlation in the SGA (r=-0.855, p=0.002) while
in the NCA, a positive correlation was evident (»=0.718, p=
0.029). Our study suggests that the NCAs are a distinct group
with differing behavioral characteristics from the SGAs. It
also appears that the finding of cavernous sinus extension on
preoperative imaging and a negative P27 expression on im-
munohistochemistry in NCAs may be valuable tools in
predicting residual tumor growth which may impact on post-
operative care.
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Introduction

Clinically nonfunctioning pituitary adenomas (CNFPAs) are a
varied group of tumors with different morphology and bio-
logic characteristics constituting about a third of all pituitary
adenomas [1]. They are characterized by the absence of symp-
toms or signs secondary to hormonal hypersecretion [2]. They
are usually macroscopic and generally present with compres-
sive symptoms affecting the visual apparatus and pituitary
gland resulting in varying levels of hypopituitarism [2—4].
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These tumors can also result in an apoplectic event with
varying presentations from headache to visual impairment,
often necessitating urgent surgical intervention. Tumor apo-
plexy poses long-term risk of endocrinological and visual
sequelae [5, 6].

The classification of CNFPAs is based on immunoreactiv-
ity with further clarification using ultrastructural features
when need be [6, 7]. This has yielded two groups: the “silent”
group which consists of tumors that are positive for one of the
anterior adenohypophyseal hormones though not in active
amounts, and these include the silent somatotrophs, silent
corticotrophs, silent lactotrophs, and silent gonadotroph ade-
nomas (SGAs). The other group includes those tumors that are
negative for any of the anterior adenohypophyseal hormones
such as the null cell adenoma (NCA), oncocytoma, and the
subtype 3 corticotrophs. The oncocytomas are essentially
NCAs exhibiting oncocytic change with more mitochondrial
activity on electron microscopy [6].

The NCA has been described as the rare tumor that is
completely negative for all hormones and transcription factors
[1, 7, 8]. The NCA is differentiated from the hormone-
immunonegative gonadotroph adenomas using appropriate
pituitary transcription factors, steroidogenic factor-1 (SF-1)
and estrogen receptor-alpha (ER-) [6]. The NCAs have often
been lumped together with the silent gonadotrophs or merely
evaluated in the larger context of CNFPAs. This is due either
to the belief that they are or behave exactly like SGAs and/or
to the inability to subclassify this group using immunohisto-
chemistry, and this may explain the paucity of literature on this
subgroup of CNFPAs as a distinct entity [1, 7].

The need for the optimum care of the patients with
CNFPAs has necessitated appropriate stratification within this
group based on a definition of the aggressiveness and invasive
characteristics of each subtype. The silent group has received
considerable focus with a number of studies documenting the
more aggressive nature of the silent corticotroph and subtype
3 corticotroph adenomas, establishing their tendency to early
recurrence/regrowth, thus positing close follow-up with im-
aging postoperatively and recommending radiotherapy in pa-
tients with residual tumors or, in some instances, regrowth [3,
6, 7, 9]. It is interesting to note that some other studies,
however, have shown contrary results suggesting the adoption
of an initially more conservative follow-up surveillance with
radiation delayed until there is clear evidence of tumor recur-
rence [10, 11]. All of these studies address pertinent issues and
provide some form of guide in the management of this sub-
group of CNFPAs.

The aim of our study was to review our series of NCAs and
investigate their clinical, imaging, and pathological character-
istics. We went further to compare these findings with those of
our patients with SGAs over the same period. We chose the
markers MIB-1, FGFR4, and P27 to explore possible correla-
tion with the patients’ clinical characteristics: MIB-1 because
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it evaluates the Ki-67 antigen and has been well investigated
as a proliferation marker and a predictor of tumor recurrence,
FGFR4 for its involvement in pituitary oncogenesis (a strong
cytoplasmic activity for FGFR4 has been associated with
tumor invasion), and P27 because it is a tumor suppressor
protein whose expression has been demonstrated to be low in
pituitary tumors and absent in pituitary carcinomas [12].

Materials and Methods
Patient Population

We obtained our institution’s research ethics board approval
and retrospectively reviewed the charts of all patients with
pituitary tumors who had surgery at the Toronto Western
Hospital between December 2004 and August 2010. All sur-
geries were through the endoscopic route. We identified those
with the pathological diagnosis of a NCA verified by routine
histology and immunohistochemistry. All the NCAs were
negative for all the adenohypophyseal hormones including
LH and FSH and transcription factors. They also tested neg-
ative for SF-1 further distinguishing them from silent
gonadotrophs. We reviewed their demographic data, clinical
features, magnetic resonance imaging, and the histologic var-
iables: MIB-1, FGFR4, and P27. A multidisciplinary team
consisting of neurosurgeons, neuroendocrinologists, and neu-
ropathologists reviews and manages these patients.

Imaging Analysis

All the patients included in the study had a minimum of two
preoperative MR images that were at least a month apart
except in the patients that presented with significant visual
deterioration or with features suggestive of apoplexy. The two
preoperative images that we selected were the first recorded
image and the image just prior to surgery. We also reviewed
two postoperative MR images with the first at least 3 months
after surgery giving time resolution of postoperative surgical
changes and correct evaluation of residual. The last follow-up
MR image which is at least 12 months from the first postop-
erative image was evaluated for recurrence or growth of
residual. The MRI studies were sella/pituitary-specific imag-
ing protocols.

We carried out a volumetric assessment of each scan using
the ITK-SNAP program (University of Pennsylvania, www.
itksnap.org). This was done by uploading the MR images into
the software followed by a manual contour slice by slice with
eventual generation of the tumor volume as well as a three-
dimensional reconstruction of the tumor. Our group has pre-
viously reported the use of this software [13]. The MR images
were reviewed by at least three independent observers, and we
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recorded the interobserver consistency which was very ac-
ceptable with alpha values between .909 and .996.

Suprasellar extension was noted as extension beyond the
diaphragm sella. Inferior extension was determined by erosion
through the sellar floor into the sphenoid sinus. Cavernous
extension was defined by the Knosp criteria [14]. Knosp
criteria are divided into five grades (0—4) based on a series
of lines drawn through the supracavernous and intracavernous
segments of the carotid arteries as observed in midsella coro-
nal sections. In our study, tumors extending to at least the
lateral boundary of the intracavernous carotid segments
(Knosp grade >2) were considered true extension into the
CS as previously correlated to surgical findings.

The tumor volume doubling time (TVDT) was calculated
using an established formula for tumor growth rate measure-
ments: TVDT=t*10g22/ log (V¢/V) where ¢ is the time interval
between the first and second MRI examinations, V; is the
initial tumor volume, and V¢ is the final volume. Preoperative
and postoperative TVDTs were calculated. Tumor growth was
recorded when there is >25 % increase in volume between the
first and second scans, tumor regression when there is >25 %
reduction in volume between the first and second scans, and
stable if tumor growth is <25 %.

Statistical Analysis

Logistic regression was used to predict the presence or ab-
sence of residual in NCA and whether or not the residual grew
or remained stable. 7 tests were used to compare mean differ-
ences among variables. Pearson’s correlation coefficient was
used to establish possible correlations between NCAs and
SGAs. Variables with p<0.05 were considered statistically
significant. All analysis was conducted using SPSS.

Result
Patient Characteristics

There were 31 patients with a confirmed diagnosis of NCA on
histology and immunohistochemistry, all with established
negative immunoreactivity to SF-1 differentiating them from
gonadotrophs.

Our cohort included 13 male and 18 female subjects
(1:1.3). The mean age was 57 years with the age range
between 34 and 85 years. There were only three patients
(9 %) who were 40 years and below while about 71 % of
the patients were above 50 years. The major presenting symp-
toms were headaches and visual symptoms. Two patients
(6 %) presented with apoplectic events and hypopituitarism.
There were six (19 %) recurrent tumors with two of these
having had prior radiotherapy. All of the tumors were

macroadenomas defined as a tumor with a maximum diameter
of >10 mm. The tumor diameters range from 15 to 57 mm,
while the volumes range between 1.95 and 53.5 cm”.

All the patients underwent endoscopic transsphenoidal tu-
mor resections with postop imaging confirmed gross total
resection (GTR) in 14 patients and subtotal resections in 15
patients. The residual tumor varied from 0.31 to 5.89 cm’.
There was no follow-up postop imaging in two of the patients
to confirm the extent of resection recorded at surgery which
was a subtotal resection in one and GTR in the other. The
average follow-up postsurgery was 36 months (range is 7—
71 months).

Predictors of Null Cell Residual and Growth

We carried out statistical evaluation using the following indi-
ces: age, gender, clinical presentation, optic chiasm compres-
sion (OC), Knosp classification, sphenoid sinus invasion, P27,
FGFR4, MIB-1, and the preop and postop TVDTs. The sig-
nificant finding was that the tumor that grew into the cavern-
ous sinus preoperatively (p=0.023) was able to predict the
presence of a residual after surgery. Furthermore, preoperative
cavernous sinus extension (p=0.002) and negative P27 ex-
pression (p=0.035) were able to independently predict the
subsequent growth of the residual. Thus, with preoperative
cavernous sinus extension and low P27 value, there was an
increased risk of growth of the residual tumor.

Comparison of Null Cell with Gonadotroph

We compared the cohort of NCAs with a cohort of 63 SGAs,
which were operated on during the same period (Table 1).
With respect to the MIB-1 labeling index, we found that MIB-
1 was higher in NCA (mean+SD=3.43+2.76 %) compared to
SGAs (mean+SD=2.49+1.41 %) (p=0.044).

In terms of tumor growth rate, the preoperative TVDT for
the SGAs and NCAs was (mean+=SD) 1097+668 and 1370+
1049 days, respectively. The corresponding postoperative
TVDT for the SGAs and NCAs was 1117+221 and 1899+
1542 days, respectively. The mean differences between the
preoperative TVDT and postoperative TVDT for either tumor
were not statistically significant (Figs. 1 and 2).

The preoperative and postoperative TVDTs were sig-
nificantly correlated in both the SGAs and the NCAs.
The preoperative and postoperative TVDTs displayed a
negative correlation in the SGA (r=-0.855, p=0.002)
while in the NCA, a positive correlation was evident
(r=0.718, p=0.029). This indicates that in the SGA
group, tumors that grew rapidly preoperatively grew
slowly after surgery while NCAs that grew rapidly prior
to surgery continued to exhibit rapid postoperative
growth (Figs. 3 and 4).
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Table 1  Comparing gonadotrophs to null cell
Parameters Gonadotrophs ~ Null p value
N 63 31
Age (mean+SD 58.3+13.7 57.6+12.0 NS
Gender
Male 35 13 NS
Female 28 18 NS
Preop TVDT (mean+SD) 1097+668 1370+£1049 NS
Postop TVDT (mean=+SD) 1117+£221 1899+£1542 NS
Suprasellar extension 73 % 77 % NS
CS extension 60 % 48 % NS
SS extension 32 % 42 % NS
Ki-67 25 34 0.044
FGFR4 positive 77 % 73 % NS
P27 negative 5% 10 % NS
Discussion

The first designation of a group of tumors as NCAs was by
Kovacs and his workers in 1980. They describe these tumors
as pituitary adenomas that lack the histological,
immunohistological, or ultrastructural markers that will permit
the identification of their origin [15]. The NCA is postulated
to arise from pluripotential precursor cells which can differ-
entiate into different hormone-producing cell types [16—18].
There have been various attempts to describe the histological

and functional characteristics of this group of tumors over the
years with a general consensus that NCAs are negative for all
hormones by immunohistochemistry [15, 17-20]. The study
of the ultrastructure of NCA has however revealed that they
have subcellular organelles for hormone synthesis and release
and some of these tumors secrete glycoprotein subunits
in vitro [17, 19-21]. These findings form the basis for the
assumptions that NCAs are just an extension of SGAs and
should therefore not be identified as a distinct group [20].
There have also been suggestions that they usually behave like
gonadotrophs [8, 22]. However, a true NCA has been de-
scribed as one which stains negative for all pituitary hormones
and transcription factor such that the use of appropriate pitu-
itary transcription factors (SF-1, ER-o) prevents hormone-
immunonegative SGAs from being mistakenly diagnosed as
NCAs [2, 6]. The NCA can thus be evaluated as a distinct
group within the CNFPAs establishing the need to character-
ize their unique clinicopathological behavior.

Our study cohort had a mean age of 57 years with NCAs
found in only 9 % of those below 40 years, which agrees with
previous studies establishing that it is not a disease of the
young [17, 23]. We found slight female predominance com-
pared to data suggesting male predominance in CNFPAs [3].
All the tumors were macroadenomas and presented mainly
with headache and visual symptoms, which included decrease
or loss of visual acuity and visual field deficits.

In our study, we were able to establish that preoperative
cavernous sinus extension predicts postoperative residual

Fig. 1 Preoperative TVDT
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Fig. 2 Postoperative TVDT
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tumor in NCAs as has been found in other studies on CNFPAs  previous report on CNFPAs, without specifics to the subtype,
[24-26]. However, we were also able to predict increased risk by Greenman et al. had found that tumors with cavernous
of growth of the residual tumor with preoperative cavernous  sinus invasion before surgery and large postsurgical
sinus invasion (p=0.002) and a low P27 value (p=0.035). A suprasellar remnants tended to have residual tumor growth
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Fig. 4 Correlating preoperative
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after surgery [25]. They suggested this as a factor to consider
in the stratification of patients for postoperative radiotherapy
based on the risk for growth of the residual tumor. Though we
did not study the risk of cavernous sinus extension within the
subtypes of CNFPAs, Yamada and his co-workers had docu-
mented that cavernous sinus invasion within the NCA group
was next to that seen in the silent corticotrophs and silent
subtype 3 adenomas, more common than that seen in SGAs
[27]. Thus, the consideration of this factor as a risk predictor
for tumor growth in NCAs may be important and may influ-
ence the initiation of early adjuvant treatment such as
radiotherapy.

There is a continuing effort at discovering molecular
markers for predicting residual tumor growth in pituitary
tumors. The focus has been on the Ki-67 antigen, which has
been reported in some studies to have a positive correlation
with residual tumor growth [28-34]. Some other reports have
however found no usefulness for the Ki-67 antigen in
predicting residual tumor growth [35, 36]. In our study, we
explore the possibility of a relationship between the P27
protein and residual tumor growth and we found that a nega-
tive P27 independently predicts growth of the residual tumor.
A previous study by Monsalves et al. did not find any corre-
lation between the growth characteristics of pituitary tumors
and the expression of P27 [13]. The P27 protein is a CDK
inhibitor that blocks kinase activity in the G1 phase of the cell
cycle. The overexpression of the protein prevents cells in the
G1 phase from entering the S phase. The P27 protein has been
demonstrated to occur in reduced expression levels in tumors
derived from all pituitary cell types [37], and it has been
investigated in the past as a predictor of invasiveness in
pituitary adenomas [38]. Malignant transformation has been
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shown to lead to nearly complete loss of P27 immunoreactiv-
ity [3, 39]. Our study finding may indicate the possible im-
portance of the protein as a predictive marker for residual
tumor growth in NCAs.

The comparison of SGAs, surgically treated in our unit
within the same period with our cohort of NCAs, showed that
the Ki-67 LI (MIB) was higher in the NCA subtype (p=
0.044). Other studies have shown similar results with NCAs
having higher MIB although there was no statistical difference
[38, 40].

We also found that the preoperative TVDT and postopera-
tive TVDT have a strong negative correlation in gonadotrophs
(r=—0.855, p=0.002): i.e., those tumors that grew slowly
preoperatively grew quickly after surgery and vice versa.
Interestingly, NCAs behaved in the opposite way even though
the correlation was not significant (»=0.533, p=0.139). We do
not understand what factors influence this behavior, and there
is no certainty if this suggests certain unpredictability in the
behavior of the SGAs when compared with the NCA. It is
important to note that in our cohort, there were few residual
tumors with which to compare preoperative and postoperative
TVDTs, so these results must be interpreted with caution. A
longer follow-up period may also have a modifying effect on
our result.

Conclusion

Our study suggests tangible evidence that warrants the con-
sideration of NCA as a distinct group with differing behavior-
al characteristics from the SGAs. It also appears that the
finding of cavernous sinus invasion on preoperative imaging
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and a negative P27 expression on immunohistochemistry in
NCAs may be valuable tools in predicting residual tumor
growth and aid decisions regarding postop clinical and imag-
ing surveillance and initiation of adjuvant therapy. We recog-
nize that our study is limited by sample size and a larger study
to corroborate these findings will be valuable.
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