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ABSTRACT

Introduction: available data on pituitary incidentalomas mostly derive from small-scale
studies, with heterogeneous inclusion criteria and limited follow-up. No paper has focused
specifically on clinically non-functioning pituitary incidentalomas (CNFPIs).

Objective: to describe the characteristics and the natural history of patients diagnosed with
CNFPIs.

Methods: retrospective multi-center cohort study evaluating hormonal, imaging and visual
field characteristics at diagnosis and during follow-up of CNFPIs investigated in two Pituitary
Centers.

Results: 371 patients were included (50.9% microadenomas, 35.6% males). Men were older
and more likely to have a macroadenoma (p < 0.01). 23.7% of patients presented secondary
hormonal deficits (SHDs), related to tumor size (higher.in macroadenomas; p < 0.001) and
age (higher in older patients; p < 0.001). Hypogonadism was the most frequent SHD
(15.6%).

296 patients had follow-up data; 29.1% required surgery after first evaluation, 97 had at least
3 years of follow-up. 15.3% adenomas grew (more macroadenomas), but only in
microadenomas patients with longer follow-up showed a higher growth-trend. 5.2% of
patients developed new SHDs (micro- vs. macroadenomas p = 1.000), and in 60% of them
this was not associated with an increase in tumour size. Thirteen additional patients required
surgery during follow-up (1 microadenoma at diagnosis).

Conclusions: Macroadenomas and age are risk factor for SHD in CNFPIs, which occur at
diagnosis in a quarter of patients. During follow-up, macroadenomas tend to grow more
often, but microadenomas display higher growth-trend as follow-up increases. Deterioration

of pituitary function is not always related to adenoma growth.
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INTRODUCTION

The widespread use of neuroradiological imaging has resulted in the increasing discovery of
collateral findings within the pituitary gland, unrelated to the indication for the original scan.
These lesions are called “pituitary incidentalomas” (Pls) (1) and their prevalence is now
reported to be around 10% of general population (based on different evaluation modalities)
(2, 3). Clinically non-functioning pituitary adenomas are the most frequent putative lesions,
representing about three quarters of Pls (1, 2).

Pls are a challenge due to the lack of conclusive data regarding their clinical relevance,
natural history and proper management; in particular, the only available meta-analysis (4)
reports significant heterogeneity of data due to different inclusion criteria used in different
papers (functioning vs. non-functioning Pls, inclusion of both patients with incidentally and
clinically discovered pituitary adenomas), short follow-up and small size of the cohorts, with
only 3 series including more than 100 patients (2, 5, 6).

Therefore, current available data are not strong enough to draw any evidence-based
conclusions. No study has specifically focused clinically non-functioning pituitary
incidentalomas (CNFPIs). Moreover, although secondary hormonal deficiencies (SHD) are
frequently described in these patients (13—46% of cases) (5-7) little is known regarding their
risk factors at diagnosis and during follow-up.

The aim of this study was to analyze the characteristics and the natural history of a large
cohort of patients with clinically non-functioning pituitary incidentalomas (CNFPIs), either

followed up conservatively or surgically treated.
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MATERIALS AND METHODS

Study design and setting

In this observational multicenter retrospective study, we analyzed data of a cohort of patients
diagnosed with CNFPIs and evaluated at two Endocrine Units between 1980 and 2018:
“Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico” in Milan, and “IRCCS
Humanitas Research Center”’ in Rozzano, Milan.

Inclusion criteria were (i) detection of a pituitary lesion on a brain imaging (CT, MRI or other)
performed for reason not linked to a confirmed pituitary dysfunction or compressive
symptoms (ii) pituitary mass with imaging characteristics (as judged by an experienced
neurosurgeon and/or directly obtained from the radiology report) and/or histology (for
patients in which this was available) suggestive for pituitary adenoma. Patients who
presented with headache were included only if, by clinical judgment, the lesion was not the
cause of headache and/or if another cause of headache was present. We also included in
our cohort patients in which a pituitary MRI.was erroneously prescribed by another specialist
for a suspected alteration of pituitary function later not confirmed (e.g. stress-related
hyperprolactinemia with subsequent confirmed normal resting values, clinical feature but no
biochemical evidence of pituitary disease, etc.). Since these alterations were eventually not
confirmed, these patients did not have an indication for pituitary MRI, and therefore the
pituitary finding was deemed to be incidental.

Exclusion criteria were (i) evidence of pituitary hormone hypersecretion (ii) missing data

regarding hormonal evaluation at diagnosis.

Evaluation at diagnosis

Initial biochemical evaluation included: 1) for pituitary-adrenal axis morning serum ACTH and
cortisol levels and cortisol response after ACTH 1 pg or ITT (with cutoff value of 500 nmol/l
at 30’ or 60’ (8)); 2) for pituitary-GH axis, IGF-1 levels (compared with normal values range
specific for age and sex), and GH response to GHRH + arginine (with cutoff value of 11.5/8

/ 4.2 ng/ml for lean/overweight/obese patients (9)) or ITT (with cutoff value of 3 ng/ml). We
5
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performed this test systematically only in the most recent years; 3) for pituitary-thyroid axis,
serum TSH and FT4 levels; 4) serum PRL level after 60’ resting period; 5) for pituitary-gonad
axis, in females serum LH, FSH and estradiol levels (except in patients with regular
menstrual cycles) and in males serum LH, FSH and testosterone levels. In case of
borderline low levels of testosterone (8-12 nmol/l), we checked SHBG and albumin to
calculate free testosterone levels (10). Diagnosis of GHD was also made without
biochemical testing in the presence of three other documented SHD and features of GHD, in
accordance with current guidelines (11).

At diagnosis, all patients also underwent hypothalamus-pituitary focused MRI (with contrast
when it entered clinical practice). Visual field (VF) evaluation was performed as per

guidelines (macroadenomas or lesions that abutted or compressed the optic pathway) (12).

Follow-up

During follow-up, patients were evaluated after 6-12 months from diagnosis and then less
frequently, based on clinical judgement. This included:

- unstimulated hormonal tests, as specified above (dynamic tests were repeated only if a
new pituitary deficit was suspected based on clinical judgement);

- hypothalamus-pituitary focused MRI.;

- VF evaluation (based on clinical judgement or radiological evidence of optic pathway
involvement).

Data at diagnosis and at the last follow-up were compared for patients who did not undergo
surgery. Adenomas were defined as stable, increased or reduced in dimension according to

radiological report and/or review of MRI by an experienced endocrinologist or neurosurgeon.

Statistical analysis
Continuous variables were described as mean and standard deviation or median and
interquartile interval, while categorical variables were described as number and percentage.

For continuous variables, differences between groups were analysed using student t test or

6
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Mann Whitney test as appropriate; for categorical variables, differences between groups
were analysed using Chi square test or Fisher's exact test as appropriate. P values < 0.05

were considered statistically significant. The statistical analysis was performed using Stata

15.
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RESULTS

Baseline characteristics

371 patients were included, of whom 132 were males (35.6%). The baseline characteristics
of our population are shown in Table 1. Mean age at diagnosis was 50 * 18 years, with
women being younger than men by about a decade (46 + 17 vs 57 + 17 years, p < 0.01).
The most frequent indications for brain imaging were ear, nose and throat (ENT)/
neuroophthalmological disturbances not related to mass effect (216 patients, 58.2%).
However, the symptoms that prompted investigations showed a different distribution
between genders, with females being more frequently investigated for suspected alteration
of pituitary function later not confirmed [64/239 (26.8%) vs. 14/132 (10.6%), p < 0.001] and
headache [36/239 (15.1%) vs 8/132 (6.1%), p = 0.011].

In our population, micro and macroadenomas were almost equally represented (51.9 and
49.1% respectively); however, subdividing the population based on gender, we found that
males were more likely to have a macroadenoma [104/132 (78.8%) vs 78/239 (32.6%), p <
0.001]. Patients evaluated for suspected alteration of pituitary function later not confirmed
were more likely to have a microadenoma, probably due to the dedicated pituitary MRI they
underwent as first imaging modality.

At the first hormonal evaluation, performed in most cases within one year after diagnosis,
23.7% patients (88/371) had SHD. Male sex, age at diagnosis and having a
macroadenomas were found to be predictive of SHD when analyzed by univariate analysis.
Specifically, being diagnosed after 65 years old doubled the risk of having a pituitary deficit
(OR 2.49, 95% CI 1.48-4.19, p = 0.001). In multivariable analysis, only age at diagnosis and
having a macroadenoma maintained statistical significance (Table 2). The most frequently
diagnosed SHD was hypogonadism (15.6%), followed by hypoadrenalism (10.2%), GHD
(8.4%) and hypothyroidism (5.1%); 15.1% of patients had hyperprolactinemia. Looking at
specific SHD separately, all deficits were more frequent in male and macroadenomas, apart

from hypoadrenalism, which however showed a tendency towards statistical significance

1145 - 3/3/2020 1:14:38 PM

ico Humanitas




when comparing incidence in micro vs. macroadenomas (p = 0.086), while no difference was
observed regarding gender. These associations were maintained in multivariable analysis
only for hypogonadism and GHD.

11.1% (21/189) of patients with microadenomas had SHD at diagnosis. The exact diameter
at diagnosis was available for 135 of these patients, and we could not find any statistically
significant difference in SHD prevalence between patients with microadenomas above or
below 5 mm [9/52 (17.3%) vs 8/83 (9.6%) respectively, p = 0.286] and in the prevalence of
any specific deficits (Table 3). To evaluate the potential impact of different biochemical
assays used throughout the long period of evaluation, we stratified patients according to
decade of pituitary function evaluation; the prevalence of any SHD and of specific SHD did
not show a significant change through time (Figure 1).

Visual field (VF) at diagnosis was available for 177 patients (145 macroadenomas and 32
microadenomas) and showed a VF deficit in 63 patients (35.6%). Macroadenomas caused
more frequently a VF alteration compared to microadenomas [58 (40.0%) vs 5 (15.6%)

respectively, p = 0.008].

Follow-up

Data on follow-up were available for 296 patients (79.2% of the whole cohort): 86 underwent
surgery after the first evaluation, while 210 were managed conservatively. Of these 97
(46.2%) had at least 3 years of both radiological and hormonal follow-up (Table 4).
Radiological follow-up data were available for 203 patients, with a median time from
diagnosis of 3 years (IQR 2-5 years). 117 patients (57.6%) had a radiological follow-up of at
least 3 years. 31 Pls (15.3%) showed an increase in size and 31 (15.3%) a decrease;
macroadenomas were more likely to grow over time [19/71 (26.8%) vs 12/132 (9.1%), p =
0.001], while microadenomas were more likely to reduce in size [28/132 (21.2%) vs 4/71
(5.6%), p = 0.004] (Figure 2). In the univariate analysis, an association between male gender
and adenoma growth was also observed, but this was not confirmed in multivariate analysis

(Table 5). When looking at growth-trend subdividing the cohort in micro and
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macroadenomas based on the length of available follow-up, the figures for macroadenomas
did not show a significant change over time (figure 3A). However, the percentage of grown
microadenomas increased steadily for the first eight years (figure 3B), and when comparing
growth rate in patients with at least 6 years of follow-up to patients with shorter follow-up the
first group showed a higher percentage of grown adenomas, albeit non-strictly significant
(6/32 vs. 6/100; p = 0.07).

Hormonal follow-up was available for 194 patients, with a median time from diagnosis of 3
years (IQR 2-5 years). 111 patients (57.2%) had a hormonal follow-up of at least 3 years.
5.2% (10 patients) developed a new SHD, with male patients having a higher risk of new
onset SHD compared to women [6/46 (13.0%) vs. 4/148 (2.7%), p. = 0.013]; no association
was observed with the initial diameter of the lesion [3/62 (4.8%) vs 7/132 (5.3%) in macro
and microadenomas respectively, p = 1.000] and age at diagnosis (51£16 years in patients
with a deterioration in pituitary function vs 46+£18 years in patients with a stable function, p =
0.352). Of these 10 patients, 7 had normal pituitary function at baseline and 3 already had
partial hypopituitarism; we detect 6 cases of new onset hypoadrenalism, 3 cases of growth
hormone deficiency, 2 cases of hypothyroidism and 1 case of hypogonadism.

Data on both imaging and hormonal follow-up were available for 187 patients, and were
concordant in 181 patients; however, 6 patients showed a deterioration of pituitary function
even in the presence of a stable or reduced adenoma.

VF follow-up was available for 39 patients, with a median time from diagnosis of 3 years. VF
was stable in most patients (28 patients, 71.8%), worsened in 9 patients (23.1%) and
improved in 2 (5.1%). We did not show an association of deterioration of visual field and
diameter at diagnosis, probably due to the small number of patients with VF follow-up [8/30
(26.7%) in macroadenomas vs 1/9 (11.1%) in microadenomas, p = 0.654].

Ninety-nine patients underwent surgery (33.4% of the 296 patients for whom follow-up
information was available; macroadenomas 98%). In 86 cases surgical indication was
formulated at diagnosis, while 13 patients met the surgical criteria during follow-up (median

10
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time of 4 years). This was due to growth of the lesion and/or deterioration of visual field; of

these patients, one had a microadenoma at diagnosis, which was operated after 7 years of

follow-up.

11
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DISCUSSION

In this retrospective multicentric study we evaluated one of the largest cohort of patients with
Pls described in literature, focusing on CNFPIs evaluated during nearly four decades in two
Italian Pituitary referral centers. Papers on pituitary incidentalomas are mostly small-scale
studies (4) or have a heterogenic definition of pituitary incidentalomas (2, 5), leading to the
inclusion of lesions with a different natural history and therapeutic approaches. In this paper,
our stricter inclusion criteria, our large cohort with a long follow-up allowed us to better define
some of the characteristics of the most common type of Pls.

CNPIs in our cohort were more commonly diagnosed during the fifth decade and in female
patients, similarly to other studies (4, 6, 7). While micro and macroadenomas were almost
equally represented, we found a significant difference in tumour size between genders, with
men more likely to have a macroadenoma. This is probably related to the greater time to
diagnosis of Pls in these patients, due to the underestimation of headache and sexual
dysfunction in men. Indeed, the different distribution of indications for imaging between
genders in our cohort (males being less frequently investigated for suspected alteration of
pituitary function and headache compared to women) seems to confirm this observation.

In our cohort the most common indication for imaging was neuroophthalmological/ENT
problems; this is different from what described by other groups, which found headache as
the most common indication for brain imaging leading to the diagnosis of Pls (2, 6, 7). The
association of headache and pituitary masses is controversial (13), and we therefore
decided to include only those patients in whom headache was judged not to be associated
with the presence of the adenoma. This probably accounts for the lower figures for
headache as an indication for imaging in our cohort compared to the one reported in other
studies (11.9% vs. around 30% in published papers) (2, 7). While this might have led us to
exclude some patients in which headache was not caused by the sellar mass, this have
allowed us to be more confident that we have included only patients with an incidental
imaging finding, i.e. true Pls. This probably also explain the lower incidence of

12
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macroadenomas in our paper compared to others clinical series of pituitary incidentalomas
(2, 5, 6).

A significant proportion of our patients had secondary hormonal deficiency (SHD) at
diagnosis: 36.8% of macroadenomas and 11.1% of microadenomas. While the different SHD
incidence between micro and macroadenomas is well known in literature (5, 7), we are the
first to describe an association between age at diagnosis and pituitary deficits. When
analysing specific deficit, we confirmed this observation for both hypogonadism and GHD,
but not for the other deficits. While the association of hypogonadism with age might also be
explained by late onset hypogonadism unrelated to the adenoma (14), showing this trend for
multiple SHDs reduce the likelihood of this to be a random finding. This could be explained
by a longer time to diagnosis or by a reduced capacity of the pituitary in the elderly to cope
with an expanding mass and highlights the importance of a full hormonal evaluation
especially in patients above 65 years old, in which the risk of SHDs appears to be more than
doubled compared to younger patients. Looking at the influence of diameter at diagnosis on
SHD, we could not find any difference between small micro CNFPIs (< 5 mm) and larger
micro CNPIs (> 5 mm). This could be due to the small sample size of these groups;
however, in the absence of clear evidence that small micro CNFPIs have lower or no risk of
SHD, every patient with-CNFPIs should be screened for hypopituitarism regardless of the
size.

About half of our cohort had a follow-up of more than 3 years; most adenomas remained
unchanged in size (69.5%) and showed a stable pituitary function (94.8%). Macroadenomas
showed a higher propensity to growth in time compared to microadenomas through time
(26.8 vs. 8.3%). However, when looking at the growth-trend in time subdividing the cohort in
micro and macroPls, the percentage of macroadenomas that grew was stable through time.
On the other hand, the percentage of grown microadenomas increased steadily as follow-up
increased, reaching a plateau after 8 years (probably due to the small number of patients
with such a long follow-up). Comparing patients with microPls with at least 6 years of follow-

13
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up to patients with shorter follow-up, we found a higher growth rate in the first group, with
borderline significance (p = 0.07). This difference in behavior between micro and macroPls
might be explained by the fact that macroadenomas with a higher propensity of growth
already met surgical indication at diagnosis, and by operating on these patients, we selected
for follow-up macroPls with a lower risk of growth, possibly not representative of all
macroadenomas. Microadenomas, on the other hand, are rarely operated on at diagnosis,
and this allowed us to have a cleaner and more reliable follow-up for these patients. While
this growth has rarely led to surgery in our cohort (only one in 12 microPls met surgical
criteria during follow-up), we have a relatively short follow-up compared to the one that these
patients will probably experience during their lifetime. Considering the increase in life
expectancy and since these masses are diagnosed in the 4"-5"" decade of life, we could
expect to follow-up these patients for 20 to 30 years in the future. Given the trend we saw in
our population, it is possible that the number of patients that will meet surgical criteria during
follow-up will increase. Therefore, it is important not to discharge these patients, but to
continue to follow them up lifelong.

Our rate of tumor reduction during follow-up was similar to the one reported for
nonfunctioning adenomas and pituitary incidentalomas in other studies, ranging from 10 to
20% (15, 16). This might be attributed to ischemic changes within the tumor, as speculated
by other authors (16).

Finally, only a minority of patients developed new hormonal deficits, and we could not find
any association between incident SHD and diameter at diagnosis; however, this might be
related to the small number of patients with this event. Interestingly, only 40% of these
patients had a visible growth of the adenoma at the MRI, while in the remaining the MRI was
stable or showed a reduction of the adenoma during follow-up. This finding might be
explained by a small change in the dimension of the adenoma not visible at MRI, or by a
small paucisymptomatic bleeding within the adenoma, capable anyway of causing changes
in the pituitary function. While some guidelines do not suggest routine follow-up endocrine

14
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testing for microadenomas whose clinical picture does not change (12, 17), this finding
underline the need to routinely testing all patients during follow-up, even in the absence of
imaging changes.

Our study has several strengths. We analyzed data from two Pituitary referral centers during
a long period of time, and this allowed us to include a large number of patients in this study.
This is one of the few series available in literature to include more the 300 patients with
pituitary incidentalomas (506 patients in the Sanno et al. and 328 in the Imran et al. papers)
(2, 5), and the largest one from Europe. Another strength of our study was the decision to
include only patients with characteristics compatible with clinically non-functioning pituitary
incidentalomas, reducing heterogeneity in our cohort. This is in fact the largest cohort of
CNFPIs available in literature. There are some limitations as well: firstly, due to the
retrospective nature of this paper, some information on diagnosis and on follow-up data were
missing (in total, 20.8% of patients were lost at follow-up); this might have had some
influence on our results, since patients with symptomatic growth are more likely to come
back to clinic compared to not-symptomatic patients. Secondly, we analyzed data of patients
evaluated in two referral Pituitary Centers and therefore subject to referral bias; our data
may therefore not be necessarily representative of all CNFPIs. Thirdly, since dynamic testing
for GHD was only performed systematically in the past years, the actual incidence of this
deficit is probably underestimated in patients diagnosed before 2000; moreover, different
laboratory kit with different analytical sensibilities have been used over time, which might
have possibly accounted for a difference in the incidence of deficits. However, when looking
at the prevalence of SHDs in different decades of diagnosis (figure 1) we could not find any
difference of their prevalence through time, indicating that this effect was probably reduced.
Finally, our paper does not include a control group, and this might have influenced our
follow-up findings especially in macroPls, since by operating on these masses we have
probably selected patients with a different natural history; however, this is a limitation difficult
to deal with, since it would be unethical not to operate on patients with surgical indication.

15
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In conclusion, in this paper we described the largest series of clinically non-functioning
pituitary incidentalomas to date. CNFPIs are more frequently diagnosed in female patients,
but male patients are more frequently found to have a macroadenoma. Secondary hormonal
deficiencies are present in about a quarter of patients at diagnosis, with patients with
macroadenomas and older patients being at higher risk for hypopituitarism; however up to
11.1% of microadenomas have SHD. About a third of patients required immediate surgery
after diagnosis, mostly due to asymptomatic visual field deficit. Only a minority of Pls
followed up conservatively tended to grow or to cause additional hormonal deficiency;
however, since these two events are not always related, it is important to perform both
radiological and biochemical periodical follow-up. In our cohort microadenomas with longer
follow-up, especially beyond 6 years, seemed to display a higher propensity for growth
compared to microPlIs with a shorter follow-up; therefore, we suggest continuing following up
these patients thought time, although with reduced frequency, since some of them might
eventually meet surgical criteria. Further studies are needed to evaluate this aspect,
especially in consideration of the increase in life expectancy which will expose these patients

to longer follow-up.
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FIGURE LEGEND

Figure 1 — Different incidence of SHD and of different pituitary deficits through
different decades (below the bars: number of patients evaluated during each time period)
Figure 2 — Radiological follow-up of micro and macroadenomas

Figure 3 - Incidentalomas growth through time. A: macroadenomas. B: microadenomas.

(bars: percentage; below the bars: total number of patients with a given follow-up)

17

1145 - 3/3/2020 1:14:38 PM

ico Humanitas




REFERENCES
1. Vasilev V, Rostomyan L, Daly AF, Potorac |, Zacharieva S, Bonneville JF, et al.
MANAGEMENT OF ENDOCRINE DISEASE: Pituitary 'incidentaloma': neuroradiological
assessment and differential diagnosis. European journal of endocrinology.
2016;175(4):R171-84.
2. Sanno N, Oyama K, Tahara S, Teramoto A, Kato Y. A survey of pituitary
incidentaloma in Japan. European journal of endocrinology. 2003;149(2):123-7.
3. Molitch ME. Pituitary tumours: pituitary incidentalomas. Best practice & research
Clinical endocrinology & metabolism. 2009;23(5):667-75.
4, Fernandez-Balsells MM, Murad MH, Barwise A, Gallegos-Orozco JF, Paul A, Lane
MA, et al. Natural history of nonfunctioning pituitary adenomas and incidentalomas: a
systematic review and metaanalysis. The Journal of clinical endocrinology and metabolism.
2011;96(4):905-12.
5. Imran SA, Yip CE, Papneja N, Aldahmani K, Mohammad S, Imran F, et al. Analysis
and natural history of pituitary incidentalomas. European journal of endocrinology.
2016;175(1):1-9.
6. Vaninetti NM, Clarke DB, Zwicker DA, Yip CE, Tugwell B, Doucette S, et al. A
comparative, population-based analysis of pituitary incidentalomas vs clinically manifesting
sellar masses. Endocrine connections. 2018;7(5):768-76.
7. Esteves C, Neves C, Augusto L, Menezes J, Pereira J, Bernardes |, et al. Pituitary
incidentalomas: analysis of a neuroradiological cohort. Pituitary. 2015;18(6):777-81.
8. Ambrosi B, Barbetta L, Re T, Passini E, Faglia G. The one microgram
adrenocorticotropin test in the assessment of hypothalamic-pituitary-adrenal function.
European journal of endocrinology. 1998;139(6):575-9.
9. Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce CG, et al. The cut-off
limits of the GH response to GH-releasing hormone-arginine test related to body mass index.
European journal of endocrinology. 2005;153(2):257-64.

18

1145 - 3/3/2020 1:14:38 PM

ico Humanitas




10. Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple methods for
the estimation of free testosterone in serum. The Journal of clinical endocrinology and
metabolism. 1999;84(10):3666-72.

11. Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et al.
Hormonal Replacement in Hypopituitarism in Adults: An Endocrine Society Clinical Practice
Guideline. The Journal of clinical endocrinology and metabolism. 2016;101(11):3888-921.
12. Freda PU, Beckers AM, Katznelson L, Molitch ME, Montori VM, Post KD, et al.
Pituitary incidentaloma: an endocrine society clinical practice guideline. The Journal of
clinical endocrinology and metabolism. 2011;96(4):894-904.

13. Kreitschmann-Andermabhr |, Siegel S, Weber Carneiro R, Maubach JM, Harbeck B,
Brabant G. Headache and pituitary disease: a systematic review. Clinical endocrinology.
2013;79(6):760-9.

14. Huhtaniemi |, Forti G. Male late-onset hypogonadism: pathogenesis, diagnosis and
treatment. Nature reviews Urology. 2011;8(6):335-44.

15. Huang W, Molitch ME. Management of nonfunctioning pituitary adenomas (NFAs):
observation. Pituitary. 2018;21(2):162-7.

16. Karavitaki N, Collison K, Halliday J, Byrne JV, Price P, Cudlip S, et al. What is the
natural history of nonoperated nonfunctioning pituitary adenomas? Clinical endocrinology.
2007;67(6):938-43.

17. Chanson P, Raverot G, Castinetti F, Cortet-Rudelli C, Galland F, Salenave S, et al.
Management of clinically non-functioning pituitary adenoma. Annales d'endocrinologie.

2015;76(3):239-47.

19

1145 - 3/3/2020 1:14:38 PM

ico Humanitas




Hypothyroidism

GHD

Any SHD Hypogonadism Hypoadrenalism

- 6102-0L0¢
- 6002-000¢
- 6661-0861

- 6102-0102
- 600¢-000¢
- 66610861

- 61020102
- 6002-000C
- 6661-0861

- 6102-0L0C
- 6002-000¢
- 6661-0861

- 6102-010C
- 6002-000¢
- 6661-0861

ov

0€

0
Ya

0}

16 115 240 16 115 240 16 115 240 16 115 240

16 115 240

n



a0

70

60

50

40

30

20

10

v
P

Increase in size

Stable size
m Macroadenomas mMicroadenomas

Decrease in size

62.101.104.145 - 3/3/2020 1:14:38 PM

Istituto Clinico Humanitas

Downloaded by:



30

% Increasd in size
] 8

-
(=]

i

0

Macroadenomas

atleast at least atleast atleast atleast &tleast atleast alleast at least
2years 3years 4years Syears 6years Pyears 8years 9years 10 years
52 35 27 20 13 y12 7 6 6

{

% Increasd ifi size

Microadenomas

e NS

0 I I I | | l | ‘ ‘

at least atleast atleast atleast atleast atleast atleast atleast atleast
2years 3years 4 years 5years Gyears 7years 8 years 9years 10 years
112 82 64 50 32 21 15 13 12

[ [
S o

w

62.101.104.145 - 3/3/2020 1:14:38 PM

Istituto Clinico Humanitas

Downloaded by:



Table 1 — Characteristics at baseline of our cohort

Males, n (%)

132 (35.6%)

Mean age at diagnosis, years + SD

50 + 18

Indications for brain imaging, n. (%)
Neuroftalmological/ENT symptoms
Suspected pituitary dysfunction (later not confirmed)
Headache

Other reasons

216 (58.2%)
78 (21.0%)
44 (11.9%)

33 (8.9%)

Size at diagnosis

Macroadenomas, n. (%)

182 (49.1%)

Median size (n = 265) (IQR) 9 (5-16)
First hormonal evaluation

Years from diagnosis, median (IQR) 0 (0-1)

1 deficit, n. (%) 57 (15.4%)

2 deficits, n. (%) 14 (3.8%)

3 deficits, n. (%) 7 (1.9%)

4 deficits (i.e. panhypopituitarism), n. (%) 10 (2.7%)

Type of deficit, n. (%)
Hypogonadism
Hypoadrenalism
Growth hormone deficiency

Hypothyroidism

58 (15.6%)
38 (10.2%)
31 (8.4%)
19 (5.1%)

Hyperprolactinemia

56 (15.1%)

Visual field deficit (n = 177)

63 (35.6%)

ENT = ear,

nose and throat
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Table 2 — Variables associated with the presence of secondary hormonal deficits at diagnosis

Univariate Multivariate
OR (95% CI) p OR (95% CI) p
Gender (M vs. F) 2.84 (1.74 -4.65) | <0.001 - -
Tumor size (macro- vs. microadenoma) 4,66 (2.70-8.03) | <0.001 | 3.38(1.81-6.29) | <0.001
Age 1.04 (1.02-1.05) | <0.001 | 1.02(1.00-1.03) | 0.041




Table 3 - Incidence of different hormonal alteration at diagnosis
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Male Female p Microadenoma | Macroadenoma p Micro <5 mm Micro > 5 mm p

n 132 239 189 182 83 52

At least on deficit 48 (36.4) | 40(16.7) | <0.001 21 (11.1) 67 (36.8) < 0.001 8 (9.6) 9(17.3) 0.286
Hypogonadism 41 (31.1) 17 (7.1) < 0.001 3(1.6) 55 (30.2) < 0.001 2(2.4) 1(1.9) 1.000
Hypoadrenalism 17 (12.9) 21 (8.8) 0.216 14 (7.4) 24 (13.2) 0.086 5 (6.0) 6 (11.5) 0.335
Growth hormone 22 (16.7) 9 (3.8) < 0.001 3(1.6) 28 (15.4) < 0.001 1(1.2) 2(3.9) 0.559
deficiency

Hypothyroidism 14 (10.6) 5(2.1) 0.001 2(1.1) 17 (9.3) < 0.001 0 1(1.9) 0.385
Hyperprolactinemia 28 (21.2) | 28(11.7) 0.014 10 (5.3) 46 (25.3) < 0.001 4 (4.8) 4(7.7) 0.484

Data are expressed as number (percentage)




Table 4 - Follow up

Total number of patients

296 (79.8%)

Radiological follow up (

n = 203)

Median length, years (IQR)
Follow up = 3 years (n.)
Follow up = 5 years (n.)

Follow up = 10 years (n.)

3 (2-5)
117
70
18

Trend
Stable dimension
Increase in size

Reduction of size

141 (69.5%)
31 (15.3%)
31 (15.3%)

Hormonal follow up (n

= 194)

Median length, years (IQR)
Follow up = 3 years (n.)
Follow up = 5 years (n.)

Follow up = 10 years (n.)

3 (2-5)
111
53
10

Trend

Stable function

184 (94.9%)

New SHD 10 (5.2%)
Type of new onset deficit

Hypogonadism 1/181 (0.6%)

Hypoadrenalism 6/177 (3.4%)

GHD 3/185 (1.6%)

Hypothyroidism 2/189 (1.1%)

Visual field follow up (n = 39)

Median length, years (IQR) 3(2-4)
Trend

Worsened 9 (23.1%)

Stable 28 (71.8%)

Improved 2 (5.1%)

SHD = secondary hormonal deficiency
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Table 5 — Variables associated with the radiological growth of clinically non-functioning

pituitary incidentalomas

Univariate Multivariate
OR (95% CI) p OR (95% CI) p
Gender (M) 2.55(1.15-5.66) | 0.022 | 1.77 (0.75-4.15) | 0.191
Macroadenoma 3.65(1.65-807) | 0.001 | 3.11(1.35-7.14) | 0.008
Age 1.01(0.99-1.04) | 0.180 - -
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