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ABSTRACT

Introduction: Despite the fact that non-functioning
pituitary adenomas do not overproduce hormones, many
will stain positive for a particular pituitary hormone,
which can be used to differentiate these adenomas
into subgroups. If these different sub-groups behave
differently in terms of post surgical progression of
disease (PSPD) rates or other clinical variables, then
better treatment and prognosis could be predicted.
Methods: This was a retrospective cohort study. Pa-
tients who have undergone surgery for removal of a
non-functioning pituitary adenoma at Emory Univer-
sity Hospital served as the source for all data used in
this study (n = 184). Data were collected from a data-
base of electronic medical records (EMRs) for these
patients in 2010 documenting clinical and demogra-

phic variables including treatment and PSPD. Results:

Risk for PSPD did not differ by adenoma subtypes:
follicle-stimulating hormone (FSH+), luteinizing hor-
mone (LH+), or those that do not stain positive for
any hormone (non-functioning, or NF-) (p = 0.971).
There were two clinical characteristics statistically re-
lated to adenoma subtype: altered mental status and
the anterior-posterior (AP) dimension of pre-operative
adenomas. PSPD was related to several clinical cha-
racteristics, including gender, previous adenoma,
post-operative residual, and follow-up time.
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1. INTRODUCTION

Non-functioning pituitary adenomas are a subclass of
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pituitary adenomas which do not directly contribute to
hormone overproduction. These types of adenomas ac-
count for approximately 30% of all pituitary adenomas,
and are the most common adenomas of the anterior pi-
tuitary [1,2]. Although these adenomas do not contribute
to hormone overproduction, many non-functioning pitui-
tary adenomas (40% - 79%) will stain positive for a par-
ticular pituitary hormone [3]. These pituitary hormones
are growth hormone, thyroid-stimulating hormone, ad-
renocorticotropic hormone, prolactin, luteinizing hor-
mone, follicle-stimulating hormone, melanocyte-stimu-
lating hormone, oxytocin, and antidiuretic hormone. Dur-
ing the course of this analysis, three types of adenomas
were examined: those which stain positive for follicle-
stimulating hormone (FSH+) or luteinizing hormone
(LH+), or those that do not stain positive for any hor-
mone (non-functioning, or NF—). These three were cho-
sen because of both their high frequency and genetic
differences [2].

A 2005 report in “Cancer Research” reported finding
from an analysis of 19 surgical specimens, eleven non-
functioning pituitary adenoma and eight normal pituitary
gland specimens. The paper describes a protocol that
utilized GeneChip microarray analysis to elucidate three
distinct non-functioning pituitary adenoma gene and
protein expression patterns (described as “molecular fin-
gerprints”): i) immunohistochemistry (IHC) positive for
luteinizing hormone (LH+) only; ii) non-functioning
adenomas with IHC positive for follicle stimulating
hormone (FSH+) only; and iii) non-functioning adeno-
mas with negative IHC (NF-). Microarray results were
validated with the reverse transcription real-time quantit-
ative PCR, using a larger number of non-functioning
adenomas. Proteomic analysis was also used to examine
the protein expression of these nonfunctioning adenomas.
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The findings provided new insight into the pathogenesis
and molecular classification of nonfunctioning pituitary
adenomas [2].

Although non-functioning pituitary adenomas are the
most common type of pituitary adenoma, they are not
always recognized as such, due to a lack of symptoms
from a large portion of these adenomas. According to a
meta-analysis performed by Molitch et al., the preva-
lence of non-functioning adenoma is approximately 11%
of all adenomas; with the highest individual study show-
ing a prevalence of 27% [4]. These adenomas can cause
a variety of neurological symptoms, simply due to mass
effect. These symptoms commonly include visual field
defects, pituitary insufficiency, and severe headaches.
Although a patient may not have symptoms when a non-
functioning pituitary adenoma is detected, the chances of
symptoms become greater if the adenoma continues to
grow locally.

There are a number of different types of treatments
used to treat non-functioning pituitary adenomas. The
most common treatment, especially for adenomas larger
in size, is surgery. Surgery is the only treatment strategy
that has consistently been shown to improve health and
alleviate symptoms. However, in 30% - 50% of the non-
functioning pituitary adenomas that are treated, adenoma
residue is left that may regrow and cause further prob-
lems [5-9]. The goal of surgery is to remove as much
adenoma as safely possible, and to protect healthy pitui-
tary tissue surrounding the adenoma [10]. The size and
location of the adenoma, as well as the experience of the
surgeon performing the operation play a large role in the
success of surgical treatment. Radiotherapy is a second

and/or additional modality for the treatment of adenomas.

Radiotherapy is commonly used to treat smaller adeno-
mas where surgery may not be indicated. Postoperative
radiotherapy is also used to reduce the amount of resi-
dual and to prevent and/or reduce regrowth. However,
utilizing this form of treatment exposes patients to all the
risks associated with radiotherapy [11]. Deferring radio-
therapy for patients with complete or near-complete re-
section seems to be a safe and prudent approach. Recur-
rences may be detected early with high-resolution imag-
ing, and treated effectively with radiation at the time of
recurrence [12]. Somatostatin analogues (SSA) and do-
pamine agonists (DA) are other types of treatment which
can be used for non-functioning pituitary adenomas.
Over the years, many different SSAs and DAs have been
used with varying results. Overall, these treatments are
found to be more proficient at preventing adenoma
growth rather than reducing the adenoma size, and are
therefore, a less practical treatment for adenomas which
are already causing symptoms through mass effects [13].
The last option is always abstaining from treatment and
allowing the natural course of the non-functioning pitui-
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tary adenomas to proceed. One study showed that 50%
of patients experienced adenoma growth at 85 months on
average. Of those who experienced an increase in ade-
noma size, 6 out of 28 reported visual field defects and
required surgery [3]. Though there are many different
options for treating this disease, surgery is generally the
option of choice since it is the only one shown to consis-
tently reduce mass effects.

In patients who are not operated on or otherwise trea-
ted for pituitary macroadenomas, the quality of life has
been shown to decrease. Therefore, some type of treat-
ment is almost always needed [14]. However, patients
that receive surgical treatment for non-functioning pitui-
tary macroadenomas have also been shown to have a
significant decrease in quality of life [15]. The effects of
surgery on overall quality of life are unclear, and may
differ greatly from patient to patient. Additionally, sur-
gery itself may also worsen, rather than improve the
quality of life in patients treated for non-functioning pi-
tuitary adenomas [16,17]. Although the effects of treat-
ment on quality of life are not always obvious, each pa-
tient must be evaluated individually to assess the effects
of this association. It is only when treatment will posi-
tively affect quality of life that it should be employed.
Thus, surgical treatment should only be employed in
scenarios that preserve patients’ quality of life.

2. OBJECTIVE

The objective of this analysis was to examine the clinical
features reported for patient undergoing surgical inter-
vention for non-functioning pituitary adenomas at a sin-
gle tertiary academic medical center in the southeastern
US that underwent IHC analysis of their surgical speci-
mens in order to determine whether certain clinical cha-
racteristics are associated with a particular IHC subtype
(LH+, FSH+, or NF-) of non-functioning pituitary ade-
nomas.

3. MATERIALS AND METHODS
3.1. Subject Population

The study population consisted of 184 patients that un-
derwent surgical intervention between 1984 and 2009 for
a primary or recurrent non-functioning pituitary adenoma
at Emory University Hospital, a tertiary academic medi-
cal center in the southeastern US. Inclusion criteria re-
quired that the adenomas: i) were classified as non-func-
tioning, and ii) had a verified immunohistochemistry
(IHC) showing the expression of LH+, FSH+, or NF-,
those subgroups shown to have differing molecular fin-
gerprints. All patients must have: i) undergone surgical
resection and ii) had a follow up period of one or more
days post-operatively.
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3.2. Study Design

This was a retrospective cohort analysis. Institutional

Review Board (IRB) approval was obtained for the study.

None of the investigators reported any conflicts of inter-
ests. The research was not funded by any individual nor
any agency in the public, commercial, or non-profit sec-
tors.

184 patients treated over the past 11 year study period
that met inclusion criteria were examined. Non-func-
tioning pituitary adenoma classification and non-func-
tioning pituitary adenoma IHC subtypes (NFPAISs) were
verified per routine post-surgical IHC. Alpha subunit
analysis was not performed. Based on the verified IHC
results, the cohort was stratified into three NFPAISs:
LH+, FSH+ and NF-. Any adenoma that stained positive
for a hormone other than LH or FSH was excluded from
the study consistent with the protocol used by Moreno et
al. These included adenomas with positive IHC stains for
growth hormone, adrenocorticotropic hormone, thyro-
id-stimulating hormone, prolactin, or any combination of
the above. A chart review was then conducted on this
sample population. Data on a number of clinical charac-
teristics and other patient variables, listed in Table 1,
were collected. Data was input into a Microsoft Excel
file.

3.3. Statistical Analysis

Once data collection was complete, the data set was im-
ported into STATA 12 software for statistical analysis.
Comprehensive information on all clinical variables was
unattainable for the entire population. Patients with in-
complete data were only included in statistical analysis if

they had a recorded entry for the variable being analyzed.

No use of randomization or experimental intervention
was performed during the study. An alpha level < 0.05
was considered significant.

The data was analyzed for outliers using graphical re-
sidual plots, and one patient was removed from the anal-
ysis due to surgery date falling outside of study parame-
ters. Frequencies and measures of association were de-
termined. A Pearson’s chi-squared test was used to de-
termine an association between immunohistochemical
subtype (Table 1), adenoma post-surgical progression of
disease (PSPD) (Table 2), and all covariates at & = 0.05.
Logistic regression was used to predict adenoma PSPD
from all covariates. Each variable was analyzed for a
sufficient number of PSPD and a minimal amount of
missing data for each variable.

4. RESULTS

Table 1 is a summary of the study population stratified
by NFPAIS. A 183 total cases of pituitary adenomas
were examined in this study. The most common type of
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adenoma was NF— with 127 cases, next was FSH+ with
31 cases, and finally LH+ 25 cases. The average age of
the population at time of operation was 56 years. Age
ranged from 20 to 84 years-old at the time of operation.
There were 105 male cases (57.38%) and 78 females
cases (42.62%). Of the patients who listed their race, 71
participants (50.00%) identified as white, 67 (47.18%)
identified as black, and 4 (2.82%) identified as other. Of
the 4 pre-existing medical conditions assessed, the most
common was hypertension at 47.78% (N = 86). Cancer
was next at 20.22% (N = 36), followed by diabetes with
19.44% (N = 35), and then previous adenoma at 7.30%
(N = 13). The most common presenting symptom was
visual deficits with 126 cases (72.41%), followed by hea-
daches with 79 cases (45.14%). Based on pre-operative
magnetic resonance imaging pituitary protocol (MRI-PP)
study radiology dictations, the average adenoma volume,
including all types was 8.81 cm®, with the smallest ade-
noma being 0.51 cm® and the largest adenoma measuring
61.37 cm®. Residual adenoma, based on a review of the
immediate post-operative pituitary protocol MRIs done
on study participants, was present in 77 cases (45.83%).
During post-operative follow up, there were 15 cases of
PSPD (8.93%) as determined via comparison of the im-
mediate post-operative imaging with subsequent imaging
during the follow up period. The average follow-up time
in days was 977 and the range varied from 1 day to 7985
days.

Table 1 presents the statistical significance of each
variable in relation to the three types of adenomas.
NFPAIS was not found to have a significant association
with PSPD. There were 15 instances of PSPD; 11 in-
stances in NF— type adenomas, 2 in LH, and 2 in FSH (p
= 0.971). Neither sex nor race was found to be signifi-
cant with p-values of 0.45 and 0.476, respectively. No
prior medical conditions were found to be significant.
Altered mental status, was statistically related to NFPAIS.
There were 7 instances of altered mental status in NF-
type adenomas (5.93%), 7 in LH+ (22.58%), and 2 in
FSH+ (8.70%); (p = 0.018). Associations between
NFPAIS and visual defect, headache, and decreased/loss
of libido were not found to be significant (p = 0.955, p=
0.913, p = 0.699, respectively). When adenoma size was
examined anterior-posterior length was found to be dif-
ferent between NFPAISs at a level of statistical signific-
ance (p < 0.001).

Table 2 shows us an analysis of the PSPD variable in
relation to all other variables gathered in this study.
When examining the demographics, age and sex were as-
sociated with PSPD at a level of significance (p = 0.020
and 0.014, respectively), but race was not (p = 0.585).
There were 4 instances of PSPD in males (26.67% of all
instances of PSPD) and 11 in females (73.33%). The
only pre-existing medical condition which was sta-
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Table 1. Baseline clinical characteristics in 183 patients by NFPAIS.

A. Hull et al. / World Journal of Neuroscience 4 (2014) 75-84

Non-functioning pituitary adenoma IHC subtypes

Patient Information NF- FSH+ LH+ Total P-Value
Demographics N % N % N % N %
Age (N =183) 0.697
(mean =56) < 40 19 14.96 5 16.13 3 12.00 27 14.75
40 - 49 20 15.75 6 19.35 5 20.00 31 16.94
50 - 59 30 23.62 5 16.13 9 36.00 44 24.04
>60 58 45.67 15 48.39 8 32.00 81 44.26
Gender (N = 183) 0.450
Male 72 56.69 16 51.61 17 68.00 105 57.38
Female 55 4331 15 48.39 8 32.00 78 42.62
Race (N = 142) 0.476
White 52 52.00 7 35.00 12 54.55 71 50.00
Black 45 45.00 13 65.00 9 40.91 67 47.18
Other 3 3.00 0 0.00 1 4,55 4 2.82
Pre-existing Condition
Diabetes (N = 180) 25 20.16 6 19.35 4 16.00 35 19.44 0.891
Cancer (N = 178) 27 22.13 6 19.35 3 12.00 36 20.22 0.512
Previous Adenoma (N = 178) 7 5.74 4 12.90 2 8.00 13 7.30 0.388
Hypertension (N = 180) 56 45.16 15 48.39 15 60.00 86 47.78 0.398
Pre-Op MRI
Adenoma volume (cm?) 0.067
(N =127; mean =8.81) <35 31 38.27 4 15.38 4 20.00 39 30.71
35-7.0 22 27.16 7 26.92 3 15.00 32 25.20
7.1-105 12 14.81 4 15.38 6 30.00 22 17.32
>10.5 16 19.75 11 42.31 7 35.00 34 26.77
Post-Op MRI
Residual (N = 168) 55 45.83 11 42.31 1 50.00 77 45.83 0.868
PSPD (N = 168) 11 9.17 2 7.69 2 9.09 15 8.93 0.971
Follow-up time
Days of follow-up (N = 183) 0.366
(mean = 977) < 365 41 32.28 12 38.71 8 32.00 61 33.33
365 - 1095 29 22.83 8 25.81 9 36.00 46 25.14
1096 - 1826 27 21.26 8 25.81 2 8.00 37 20.22
>1826 30 23.62 3 9.68 6 24.00 39 2131
Presenting symptoms
Headache (N = 175) 53 44.17 15 48.39 11 45.83 79 45.14 0.913
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Continued

Visual Defects (N = 174) 87 73.11
Altered mental status (N = 172) 7 5.93
Decreased/loss of libido (N = 172) 19 16.10

Adenoma dimensions (cm)

Anterior-posterior
(N =128; mean =2.3)< 2.0 38 46.34
20-25 28 34.15
26-30 7 8.54
>3.0 9 10.98
Transverse
(N =127; mean =2.32) < 2.0 30 37.04
2.0-25 30 37.04
26-30 11 13.58
>3.0 10 12.35
Craniocaudad

(N = 148; mean = 2.53) < 2.0 30 31.25
20-25 34 35.42
26-30 18 18.75
>3.0 14 14.58
TOTAL 127 69.40

22

12
10

10
31

70.97 17 70.83 126 72.41 0.955
22.58 2 8.70 16 9.30 0.018
22.58 4 17.39 30 17.44 0.699
<0.001
7.69 4 20.00 44 34.38
46.15 6 30 46 35.94
38.46 8 40.00 25 19.53
7.69 2 10.00 13 10.16
0.492
26.92 3 15.00 40 31.50
4231 9 45.00 50 39.39
19.23 3 15.00 19 14.96
11.54 5 25.00 18 14.17
0.361
16.67 5 22.73 40 27.03
30.00 7 31.82 50 33.78
20.00 5 22.73 29 19.59
33.33 5 22.73 29 19.59
16.94 25 13.66 183 100.00

tistically significant with PSPD was a history of pre-
viously treated pituitary adenoma (p = 0.005). In the 13
total cases which had a previously treated adenoma, there
were 4 instances of PSPD following the surgical proce-
dure qualifying the subject for inclusion in this study
(26.67%). Pre-op adenoma volume did not have a signif-
icant association with PSPD (p = 0.943). However, it
should be noted that there were no instances of PSPD in
adenomas less than 2.61 cm®. Residual adenomas seen
on post-operative MRI-PP was significantly related to
PSPD (p = 0.001). In the 15 cases of PSPD, only 2 cases
did not show residual adenomas on the post-op MRI-PP.
Follow-up time was also related to PSPD (p = 0.023).
Those subjects with the longest follow up (>1826 days)
had the highest incidence of PSPD (N = 8). Although no
presenting symptoms were statistically significant. There
were no significant relationships between individual
adenoma dimensions and PSPD.

Table 3 presents the logistic regression analyses of all
variables in relation to adenoma PSPD. The dependent
variable ($0) measures adenoma PSPD, and equals 1 for
PSPD and 0 for no PSPD. Since this is a discrete depen-
dent variable, an ordinary least squares regression could
be used to fit a linear probability model. However, since

Copyright © 2014 SciRes.

this model is heteroskedastic and capable of predicting
values beyond 0 = 0 or 1, we used a logistic regression
model to better predict categorical or continuous va-
riables that are potentially associated with adenoma
PSPD. After performing a univariate regression analysis
for PSPD on all covariates, we found that “age at opera-
tion”, “sex”, “previously treated adenoma”, “residual”,
and “days of follow-up” were all significant, single pre-
dictors for PSPD. Although these variables are clearly
associated with PSPD, the small number of events
among each categorical variable caused an inflation in
the standard error and confidence intervals, which li-
mited the interpretability of these findings. After adjust-
ing for and removing insignificant terms, an empirical
stepwise selection of our multivariate model ended with
two significant predictors and an overall significant
model (p = 0.001). The f1 coefficient of the final model
indicates that the odds of adenoma PSPD increases by
0.001 for every day of follow-up (p = 0.023; CI
1.00006 - 1.00008). This OR is very close to the null
value of 1, and when rounded, could be interpreted as no
effect. Additionally, the 52 coefficient indicates that the
older patients are at time of operation, the less the odds
are for adenoma PSPD (p = 0.006; CI 0.909 - 0.984).
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Table 2. Baseline clinical characteristics in 183 patients who underwent resection of NFPAs by PSPD.

A. Hull et al. / World Journal of Neuroscience 4 (2014) 75-84

Post-surgical progression of non-functioning pituitary adenoma

Patient Information No Yes Total P-Value
Demographics N % N % N %
Age (N = 168) 0.020
<40 18 11.76 6 40.00 24 14.29
40-49 27 17.65 2 13.33 29 17.26
50 - 59 38 24.84 4 26.67 42 25.00
>60 70 45.75 3 20.00 73 43.45
Gender (N = 168) 0.014
Male 91 59.48 4 26.67 95 56.55
Female 62 40.52 11 73.33 73 43.45
Race (N =132) 0.585
White 61 51.69 6 42.86 67 50.76
Black 53 44.92 8 57.14 61 46.21
Other 4 3.39 0 0.00 4 3.03
Pre-existing Condition
Diabetes (N = 165) 28 18.67 3 20.00 31 18.79 0.900
Cancer (N = 163) 29 19.59 4 26.67 33 20.25 0.516
Previous Adenoma (N = 163) 9 6.08 4 26.67 13 7.98 0.005
Hypertension (N = 165) 74 49.33 7 46.67 81 49.09 0.844
Pre-Op MRI
Adenoma volume (cm?) 0.943
(N=114)<35 30 28.85 2 20.00 32 28.07
35-70 26 25.00 3 30.00 29 25.44
7.1-105 18 17.31 2 20.00 20 17.54
>10.5 30 28.85 3 30.00 33 28.95
Post-Op MRI
Residual (N = 168) 64 41.83 13 86.67 77 45.82 0.001
Follow-up time
Days of follow-up (N = 168) 0.023
<365 46 30.07 2 13.33 48 28.57
365 - 1095 40 26.14 4 26.67 44 26.19
1096 - 1826 36 23.53 1 6.67 37 22.02
>1826 31 20.26 8 53.33 39 2321
Presenting symptoms
Headache (N = 160) 62 42.47 9 64.29 71 44.38 0.116
Visual Defects (N = 159) 110 75.86 8 57.14 118 74.21 0.126

Copyright © 2014 SciRes.
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Continued
Altered mental status (N = 157) 10 6.99 3 21.43 13 8.28 0.061
Decreased/loss of libido (N = 157) 29 20.28 0 0.00 29 18.47 0.062

Adenoma dimensions (cm)

Anterior-posterior (N = 115) 0.803
<2.0 35 33.33 2 20.00 37 32.17
20-25 38 36.19 5 50.00 43 37.39
26-30 20 19.05 2 20.00 22 19.13
>3.0 12 11.43 1 10.00 13 11.30
Transverse (N = 114) 0.482
<2.0 30 28.85 3 30.00 33 28.95
20-25 42 40.38 2 20.00 44 38.60
2.6-3.0 17 16.35 2 20.00 44 38.60
>3.0 15 14.42 3 30.00 18 15.79
Craniocaudad (N = 133) 0.682
<2.0 33 27.27 2 16.67 35 26.32
20-25 39 32.23 4 33.33 43 32.33
26-3.0 24 19.83 4 33.33 28 21.05
>3.0 25 20.66 2 16.67 27 20.30
TOTAL 153 91.07 15 8.93 168 100.00

Table 3. Logistic regression results for significant covariates (o < 0.05).

Univariate logistic regression predicting post-surgical progression of disease

Adenoma PSPD Sgt?g StaEnr?E:d P>|z| 95%| rCIZtc;Ir]:‘/i;ence Likcle_l?r?ood ((),\?)s LR chi® P> chi® Pseudo R?
No = Base Outcome
Yes
Sex (Female) 4.036 2.449 2.300 0.021 1.229 13.255 —47.529 168 6.040 0.014 0.060
Age at operation 0.946 0.019 —-2.740  0.006 0.909 0.984 -46.474 168 8150  0.004 0.806

Previous adenoma 5.616 3.806 2.550 0.011 1.488 21.196 —47.351 163 5440 0.020 0.054
Residual post-op tissue ~ 9.039 7.024 2.830 0.005 1.971 41.451 —44.573 168 11.950 0.001 0.118
Days of follow-up 1.001 0.000 2.770 0.006 1.000 1.001 —46.648 168 7.800  0.005 0.077

Logistic regression model predicting post-surgical progression of disease

Odds Standard . P>z 95% Confidence Log Obs
Ratio Error Interval Likelihood (N)

Days of follow-up (81)  1.001 0.001 2.280 0.023  1.00006  1.00008 —43.728 168 13.640 0.001 0.135

Adenoma PSPD LR chi?® P> chi® Pseudo R?

Age at operation (52) 0.951 0.019 —2.740  0.006 0.909 0.984 —43.728 168 13.640 0.001 0.135

Copyright © 2014 SciRes. OPEN ACCESS
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5. DISCUSSION

The primary goal of this project was to review three pre-
viously described IHC subtypes of pituitary adenomas
and investigate if there are any trends which may provide
insight into the treatment, natural history, and/or progno-
sis of these pituitary tumors (Table 1). The main associa-
tion of interest was whether or not NFPAIS was signifi-
cantly related to PSPD of the adenoma. No statistical
relationship was found (p = 0.971). There were 15 in-
stances of PSPD; 11 instances in NF— type adenomas, 2
in LH, and 2 in FSH. This represents a 8.93% PSPD rate
overall, 9.17% PSPD rate in NF— adenomas, 7.69% in
LH+ type, and 9.09% in FSH+. There were similar PSPD
rates among all type of adenomas. Another important
relationship examined was whether NFPAIS was related
to adenoma size. The average volume of adenomas at
presentation was 8.81 cm3, however, no association be-
tween adenoma size and NFPAIS was found (p = 0.067).

There were two variables which were found to be sig-
nificantly related to NFPAIS: altered mental status (p =
0.018), and the anterior-posterior (AP) dimension of the
adenoma (p < 0.001). There were 7 instances of altered
mental status in NF— adenomas (5.93%), 7 in LH+
(22.58%), and 2 in FSH+ (8.70%) showing that the inci-
dence of altered mental status in LH+ adenomas was
significantly higher than NF— or FSH+. This association
may be a statistical anomaly as the reasoning behind this
increased presentation among LH+ adenomas is not
clearly understood. When excluding all patients with less
than one year of follow up (N = 61), altered mental status
no longer remains statistically significant (p-value
changed from 0.018 to 0.126). This is the only variable
which significantly changes when patients with less than
one year of follow up are excluded. Another significant
association was seen in the AP dimension of the adeno-
ma, with the greatest difference in adenomas with an AP
size <2.0 cm. 46.34% of NF— adenomas are seen at this
size, where as only 7.69% of FSH+ and 20.00% of LH+
are within this size. FSH+ and LH+ adenomas tended to
have a greater distribution in the larger size categories.
Although the interpretability of this finding is limited by
a small sample size, these data suggest that NF— adeno-
mas do not grow in the AP diameter as much as the other
two types.

PSPD was related to several clinical characteristics,
including sex (p = 0.014), residual (p = 0.001), previous
adenoma (p = 0.005), and follow-up time (p = 0.023; see
Table 2). There were 4 instances of PSPD in males
which accounted for 4.21% of the male population and
11 in females representing 15.07% of the female popula-
tion, with an overall incidence of 15 and PSPD rate of
8.93%. These data show that females in the study had a
much greater incidence of PSPD than males. However,
sex was also significantly associated with previous can-
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cer, previous adenoma, headache, and loss of libido, and
an assessment of confounding was limited due to the
small number of PSPD. Further research with a larger
number of cases is needed to heighten the external valid-
ity of this association. Additionally, there was a clear
association between residual and PSPD. If there was sig-
nificant amount of adenoma that remained after the op-
eration, it could serve as a source of the PSPD. Previous
adenomas were also significantly associated with PSPD.
This relationship can be explained by the same reasoning
underlying the association between residual and PSPD.
When the previous adenoma was first treated, if the en-
tire adenoma was not resected, then the remainder could
serve as a nidus. Moreover, there was a significant asso-
ciation between PSPD and follow up time. Intuitively,
this could be explained by the fact that without follow-up,
it would be impossible to assess adenoma PSPD. Unfor-
tunately, many individuals did not return for additional
care, and were lost to follow-up. If there was PSPD in
these individuals, it is unknown. When excluding all
patients with less than one year of follow up (N = 61),
altered mental status became statistically significant with
PSPD (p-value changed from 0.061 to 0.042). Although
the change in p-value was not large, it was enough to
make this association significant. As with altered mental
status and NFPAIS, the reasoning behind this association
is unknown.

Our regression model (Table 3) shows that for every
day of follow-up, the odds of adenoma PSPD increase by
a factor of 0.001 when controlling for age at diagnosis.
Although this may seem subtle and perhaps clinically
irrelevant, the implications of this finding are augmented
when considering the longevity of adenoma progression
and the brevity of one day. In fact, when substituting
follow-up years into the same regression model, we ar-
rived at an odds ratio (OR) of 1.177; for every year of
follow-up, the odds of adenoma PSPD increase by a fac-
tor of 0.177 when controlling for age at diagnosis (p =
0.023, CI: 1.0230, 1.353). The standard errors, p-values,
and confidence intervals were the same for follow-up
days and years, but we decided to use days in our model
in order to maximize the precision of our estimates. Fur-
thermore, for every additional year in age at diagnosis,
our model shows that the odds of adenoma PSPD were
0.049 less when controlling for days of follow-up. This
could be due to different care-seeking practices, better
access to screening, or other age-related behaviors that
merit further investigation.

There is a widely acknowledged rule of thumb that lo-
gistic regression models should be used with a minimum
of 10 outcome events per predictor variable. This criteria
was impossible to meet given the low counts of PSPD in
our dataset (n = 13), which made the predicted coeffi-
cients vulnerable to small-sample bias and separation.
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Exact logistic regression was attempted, but was compu-
tationally intensive and impractical given our two conti-
nuous predictors. Alternatively, the Firth method of pe-
nalized regression (a general approach to reducing small-
sample bias in maximum likelihood estimations) was
used to replicate our model, and the calculated coeffi-
cients that were nearly identical to those derived from
traditional logistic regression. The final model showed
conformity with a linear gradient, was free of collinearity
and specification error, and depicted a good fit with the
data. When considering the analytic criteria of our me-
thods and results that were followed in our protocol, we
find that our model provides accurate and valid predic-
tions.

Given the retrospective nature of this study, there were
inherent limitations present. Although our data was col-
lected sufficiently and contained a number of important
variables, the temporal relationship of these variables
was often difficult to assess. For instance, there was li-
mited information regarding the timeframe of prior med-
ical conditions (previous adenoma diagnoses, visual de-
fects, etc.), and also on complete follow-up histories.
With this limitation, the possibility for different biases
might arise since adenomas progress slowly and patients
require periodic screenings to detect PSPD. Additionally,
confounding was a potential issue since we were unable
to select patients randomly due to the rarity of pituitary
adenomas and the small cohort of these patients with
IHC results in the academic center’s registry of cases. To
control for confounding, we analyzed variables within
the strata of PSPD among the unexposed, and with the
exposure among without PSPD. Another limitation to
this study was the lack of data gathered regarding other
treatment modalities the patients may have received. Al-
though surgical resection was an inclusion criteria, ad-
junct treatment options such as radiation therapy were
not considered, and could serve as unknown confound-
ers.

The data for this study were gathered exclusively from
electronic medical records (EMR). As the use of EMRs
continues to expand, these types of cohort studies can be
performed more easily and efficiently than was pre-
viously possible. The need for proper documentation and
structured interoperable data in EMRs are clearly visible
to the researchers during this study. Although a total of
183 participants were in the study, many of the partici-
pants did not have complete data on all variables ex-
amined.

Pituitary adenomas are and will continue to be a
common source of morbidity and mortality. These ade-
nomas are often insidious and identifying them early in
their course, when more easily treatable, is a challenge
for physicians due to the variability of presenting symp-
toms. Information that can be gathered on presenting
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symptoms and differences between the natural history of
various subtypes may aid in the early diagnosis of these
adenomas and thereby decrease both the associated mor-
bidity and mortality.
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