
This is a repository copy of Natural history of non-functioning pituitary microadenomas: 
results from the UK non-functioning pituitary adenoma consortium.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/208068/

Version: Published Version

Article:

Hamblin, R., Fountas, A., Lithgow, K. et al. (49 more authors) (2023) Natural history of 
non-functioning pituitary microadenomas: results from the UK non-functioning pituitary 
adenoma consortium. European Journal of Endocrinology, 189 (1). pp. 87-95. ISSN 0804-
4643 

https://doi.org/10.1093/ejendo/lvad070

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Natural history of non-functioning pituitary 

microadenomas: results from the UK non-functioning 

pituitary adenoma consortium
Ross Hamblin,1,2,3 Athanasios Fountas,1,2,3 Kirstie Lithgow,1,2,3 Paul Benjamin Loughrey,4,5

Efstathios Bonanos,4 Shah Khalid Shinwari,6 Kirsten Mitchell,7 Syed Shah,8 Lydia Grixti,9

Mike Matheou,10 Kristina Isand,10 David S. McLaren,11 Ashutosh Surya,12 Hafiz Zubair Ullah,12

Katarina Klaucane,13 Anuradha Jayasuriya,14 Sumbal Bhatti,15 Akash Mavilakandy,16

Masato Ahsan,16 Susan Mathew,17 Ziad Hussein,18 Thijs Jansz,19 Wunna Wunna,20

James MacFarlane,21,22,23 John Ayuk,2,3 Prakash Abraham,24 William M. Drake,20

Mark Gurnell,21,22,23 Antonia Brooke,19 Stephanie E. Baldeweg,18 Amir H. Sam,25

Niamh Martin,25 Claire Higham,17,26 Narendra Reddy,16 Miles J. Levy,16 Rupa Ahluwalia,15

John Newell-Price,14,27 Joannis Vamvakopoulos,13 Amutha Krishnan,13 Andrew Lansdown,12

Robert D. Murray,11 Aparna Pal,10 Karin Bradley,28 Yaasir Mamoojee,9 Tejpal Purewal,8

Janki Panicker,8 E. Marie Freel,7 Faisal Hasan,29 Mohit Kumar,30 Biju Jose,6 Steven J. Hunter,4

and Niki Karavitaki1,2,3,*
1Institute of Metabolism and Systems Research, University of Birmingham, Birmingham, B15 2TT, United Kingdom
2Centre for Endocrinology, Diabetes and Metabolism, Birmingham Health Partners, Birmingham, B15 2TT, United Kingdom
3Department of Endocrinology, Queen Elizabeth Hospital, University Hospitals Birmingham NHS Foundation Trust, Birmingham, B15 2GW,  
United Kingdom
4Regional Centre for Endocrinology and Diabetes, Royal Victoria Hospital, Belfast, BT12 6BA, United Kingdom
5Patrick G. Johnston Centre for Cancer Research, Queen’s University Belfast, Belfast, BT9 7AE, United Kingdom 
6Department of Endocrinology and Metabolic Medicine, Royal Stoke University Hospital, University Hospitals of North Midlands,  
Stoke-on-Trent, ST4 6QE, United Kingdom
7Department of Endocrinology, Queen Elizabeth University Hospital, Glasgow, G51 4TF, United Kingdom
8Department of Endocrinology, Liverpool University Hospitals NHS Foundation Trust, Liverpool, L7 8YE, United Kingdom
9Department of Endocrinology and Metabolic Medicine, The Newcastle-Upon-Tyne NHS Foundation Trust, Newcastle, NE7 7DN, United 
Kingdom
10Department of Endocrinology, Oxford Centre for Diabetes, Endocrinology and Metabolism, Oxford University Hospitals NHS Foundation 
Trust, Oxford, OX3 7LE, United Kingdom
11Leeds Centre for Diabetes & Endocrinology, St James’s University Hospital, Leeds Teaching Hospitals NHS Trust, Leeds, LS9 7TF, United 
Kingdom
12Centre for Diabetes and Endocrinology, University Hospital of Wales, Cardiff, CF14 4XW, United Kingdom
13Manx Centre for Endocrinology, Diabetes & Metabolism, Manx Care, Douglas, IM4 4RJ, Isle of Man
14Department of Endocrinology and Metabolism, Royal Hallamshire Hospital, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, 
S10 2JF, United Kingdom
15Department of Endocrinology, Norfolk and Norwich University Hospitals Foundation Trust, Norwich, NR4 7UY, United Kingdom
16Department of Endocrinology, Leicester Royal Infirmary, University Hospitals of Leicester NHS Trust, Leicester, LE1 5WW, United Kingdom
17Department of Endocrinology, The Christie NHS Foundation Trust, Manchester, M20 4BX, United Kingdom
18Department of Diabetes & Endocrinology, University College London Hospital NHS Foundation Trust, London, NW1 2PG, United Kingdom
19Department of Endocrinology and Metabolism, Royal Devon and Exeter NHS Foundation Trust, Exeter, EX2 5DW, United Kingdom
20Department of Endocrinology, St Bartholomew’s Hospital, Barts Health NHS Trust, London, EC1A 7BE, United Kingdom
21Department of Endocrinology, Addenbrooke’s Hospital, Cambridge University Hospitals NHS Foundation Trust, Cambridge, CB2 0QQ, United 
Kingdom
22Metabolic Research Laboratories, Wellcome MRC Institute of Metabolic Science, University of Cambridge, Cambridge, CB2 0QQ, United 
Kingdom
23NIHR Cambridge Biomedical Research Centre, Addenbrooke’s Hospital, Cambridge, CB2 0QQ, United Kingdom
24Department of Diabetes and Endocrinology, Aberdeen Royal Infirmary, Aberdeen, AB25 2ZN, United Kingdom
25Imperial Centre for Endocrinology, Imperial College Healthcare NHS Trust, London, W6 8RF, United Kingdom

Received: April 12, 2023. Revised: May 15, 2023. Editorial Decision: May 31, 2023. Accepted: May 31, 2023 

© The Author(s) 2023. Published by Oxford University Press on behalf of European Society of Endocrinology. 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

European Journal of Endocrinology, 2023, 189, 87–95 

https://doi.org/10.1093/ejendo/lvad070

Advance access publication 22 June 2023                                                                                                                                                                        

Original Research

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/e
je

n
d
o
/a

rtic
le

/1
8
9
/1

/8
7
/7

2
0
4
8
6
6
 b

y
 g

u
e
s
t o

n
 2

4
 J

a
n
u
a
ry

 2
0
2
4

https://orcid.org/0000-0001-5745-6832
https://orcid.org/0000-0001-6730-6109
https://orcid.org/0000-0002-4696-0643
https://creativecommons.org/licenses/by/4.0/


26Manchester Academic Health Science Centre, University of Manchester, Manchester, M13 9NQ, United Kingdom
27Department of Oncology and Metabolism, University of Sheffield, Sheffield, S10 2RX, United Kingdom
28Department of Diabetes and Endocrinology, Bristol Royal Infirmary, University Hospitals Bristol and Weston NHS Foundation Trust, Bristol, 
BS2 8HW, United Kingdom
29Department of Diabetes and Endocrinology, Royal United Hospitals Bath NHS Foundation Trust, Bath, BA1 3NG, United Kingdom
30Department of Endocrinology and Metabolic Medicine, Wrightington, Wigan and Leigh NHS Foundation Trust, Wigan, WN7 1HS, United 
Kingdom

*Corresponding author: Institute of Metabolism and Systems Research, College of Medical and Dental Sciences, University of Birmingham, IBR Tower, Level 2, 
Birmingham B15 2TT, UK. Email: n.karavitaki@bham.ac.uk

Abstract

Objective: The optimal approach to the surveillance of non-functioning pituitary microadenomas (micro-NFPAs) is not clearly established. Our 
aim was to generate evidence on the natural history of micro-NFPAs to support patient care.

Design: Multi-centre, retrospective, cohort study involving 23 endocrine departments (UK NFPA consortium).

Methods: Clinical, imaging, and hormonal data of micro-NFPA cases between January, 1, 2008 and December, 21, 2021 were analysed.

Results: Data for 459 patients were retrieved [median age at detection 44 years (IQR 31-57)—152 males/307 females]. Four hundred and 
nineteen patients had more than two magnetic resonance imagings (MRIs) [median imaging monitoring 3.5 years (IQR 1.71-6.1)]. One case 
developed apoplexy. Cumulative probability of micro-NFPA growth was 7.8% (95% CI, 4.9%-8.1%) and 14.5% (95% CI, 10.2%-18.8%) at 3 
and 5 years, respectively, and of reduction 14.1% (95% CI, 10.4%-17.8%) and 21.3% (95% CI, 16.4%-26.2%) at 3 and 5 years, respectively. 
Median tumour enlargement was 2 mm (IQR 1-3) and 49% of micro-NFPAs that grew became macroadenomas (nearly all >5 mm at 
detection). Eight (1.9%) patients received surgery (only one had visual compromise with surgery required >3 years after micro-NFPA 
detection). Sex, age, and size at baseline were not predictors of enlargement/reduction. At the time of detection, 7.2%, 1.7%, and 1.5% 
patients had secondary hypogonadism, hypothyroidism, and hypoadrenalism, respectively. Two (0.6%) developed hypopituitarism during 
follow-up (after progression to macroadenoma).

Conclusions: Probability of micro-NFPA growth is low, and the development of new hypopituitarism is rare. Delaying the first follow-up MRI to 3 
years and avoiding hormonal re-evaluation in the absence of tumour growth or clinical manifestations is a safe approach for micro-NFPA 
surveillance.

Keywords: non-functioning, pituitary, adenoma, natural history, incidentaloma

Significance

In the largest study to date involving 23 endocrine departments, we have elucidated the natural history of non-functioning 
pituitary microadenomas providing data to inform surveillance protocols. The probability of tumour growth was 7.8% and 
14.5% at 3 and 5 years, respectively. Overall, 0.2% of the total group developed visual compromise due to tumour growth, 
and 1.9% received pituitary surgery following tumour enlargement. Our data challenge existing guidelines and provide evi-
dence to promote the extension of initial imaging surveillance to 3 years after non-functioning pituitary microadenoma de-
tection. New hypopituitarism occurred in only 0.6% of patients; therefore, repeat hormonal evaluation in the absence of 
tumour growth or relevant clinical manifestations is not routinely required. These data are reassuring for patients and clini-
cians alike.

Introduction

Non-functioning pituitary adenomas (NFPAs) are benign pi-
tuitary tumours not associated with clinical manifestations 
secondary to hormonal hypersecretion.1 Their prevalence is 
reported between 7 and 41.3 per 100 000 population.2,3

Presentation arises once the NFPA has grown large enough 
to cause compression of nearby structures, or, as increasingly 
observed, when incidentally detected by cranial imaging per-
formed for unrelated reasons.4 Non-functioning pituitary mi-
croadenomas (micro-NFPAs) have a maximum diameter of 
<1 cm and, given their small size, tend to be incidental find-
ings. In radiological series, 10%-38% of healthy people with 
no previous known history of pituitary disease have pituitary 
abnormalities on magnetic resonance imaging (MRI).5,6

Furthermore, epidemiological data confirm a significant in-
crease in the detection rates of “pituitary incidentalomas” 
over the years, the majority of which are NFPAs.7–9 Indeed, 
in a US population study, incidental detection of pituitary tu-
mours has risen nearly 3-fold between 2004 and 2018.9

Similarly, in Northern Finland, the standardised incidence 
rates of pituitary incidentalomas have increased from 0.59 

to 1.6 per 100 000 population from years 1992-1999 to 
2000-2007, and around half of the total NFPAs were detected 
incidentally.8

Despite these rising trends, the optimal approach to the in-
vestigation and management of incidentally detected (pre-
sumed) micro-NFPAs remains debated; this was recently 
highlighted by a UK study that demonstrated considerable 
variation in the reported clinician approaches to these tumours 
when surveyed in 2021-2022.10 Uncertainty regarding the op-
timal length and frequency of biochemical and imaging surveil-
lance for micro-NFPAs is shaped by a paucity of robust 
evidence on their natural history, and by the variability in the 
behaviour of these tumours described by studies to date. 
Indeed, reported rates of micro-NFPA growth and hypopituit-
arism range between 0% and 53%,11–22 and 0% and 50%,11– 

22 respectively. Such variations result from limitations in study 
design and methodology, including small sample size, the in-
clusion of patients with differing pathology (eg, functioning pi-
tuitary adenomas or Rathke’s cleft cysts), or different 
diagnostic approaches for hypopituitarism.2,11,12,15–17,22,23

Current uncertainty regarding the potential for tumour growth 
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(and associated clinical consequences) may promote extensive 
biochemical and/or imaging surveillance incurring unneces-
sary burden to both patient and health care providers.

We conducted a UK, multi-centre, retrospective cohort 
study in an effort to adequately understand the natural history 
of conservatively managed micro-NFPAs. Our aim was to elu-
cidate tumour behaviour, including the probability of enlarge-
ment or shrinkage and of developing hypopituitarism, to 
generate robust evidence to underpin the cost-effective and 
safe care delivered to this group of patients.

Patients and methods

This was a multi-centre, retrospective, cohort study involving 
23 adult endocrine departments (UK NFPA consortium: see 
Acknowledgments).

Records of patients with the diagnosis of micro-NFPA 
followed-up in the participating centres between January, 1, 
2008 and December, 21, 2021 were reviewed, and clinical, pi-
tuitary imaging, and hormonal data at presentation and dur-
ing monitoring were collected. The cases were identified 
from the databases of each centre. Diagnosis of micro-NFPA 
relied on the presence of a pituitary mass with imaging features 
consistent with an adenoma and maximum diameter <1 cm, 
and absence of clinical and/or biochemical evidence of hor-
mone hypersecretion. Cystic lesions considered to represent 
Rathke’s cleft cysts were excluded. The frequency of assess-
ment for hypopituitarism and of follow-up scanning was de-
termined by the individual clinician based on their 
preference/local protocols and/or the clinical picture of the 
patient.

Secondary hypoadrenalism was confirmed by dynamic test-
ing (either short Synacthen, insulin tolerance, or glucagon test 
according to local protocols); secondary hypogonadism was 
defined as low, or inappropriately normal levels of 
follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH) coupled with a morning testosterone below the reference 
range in males or low oestradiol and oligo/amenorrhoea in 
women of reproductive age or as gonadotropins below the 
age reference in post-menopausal women; secondary hypothy-
roidism was defined as low, or inappropriately normal 
thyroid-stimulating hormone (TSH) paired with free thyrox-
ine below the reference range. Evaluation for growth hormone 
(GH) deficiency was not routinely performed in this group of 
patients, given the specific criteria set by the UK National 
Institute of Clinical Excellence (NICE) for obtaining GH re-
placement.24 For patients diagnosed with pituitary hormone 
deficits, medical and drug history were reviewed in detail to 
identify potential confounding factors [eg, opiates/opioids 
use, severe obesity, exogenous steroid use, low body mass in-
dex (BMI), and acute illness]. Tumour size was defined by the 
largest diameter on MRI at micro-NFPA detection and was 
compared to tumour sizes reported in subsequent MRIs. 
Total follow-up duration was defined by date of MRI, begin-
ning at date of tumour detection until date of last available im-
age. In the cases of surgical intervention, date of last available 
image performed during conservative management was used.

The study was retrospective in nature, and there was no 
intervention beyond routine delivery of patient care; it was 
registered with and approved as a clinical audit by the respect-
ive departments and there were patient consent waivers. 
Anonymised data were collected using a standardised profor-
ma. The audit reference number for the co-ordinating centre 

was CARMS (Clinical Audit Registration and Management 
System) 16842 (University Hospitals Birmingham NHS 
Foundation Trust). The research complied with the 
Declaration of Helsinki.

Statistical analysis

Percentages were estimated for categorical data and medians 
with IQRs for continuous variables. Comparisons of continu-
ous variables were performed by the Mann–Whitney U-test. 
Micro-NFPA growth- and reduction-free curves were gener-
ated by the Kaplan–Meier method, and the differences be-
tween outcomes in subgroups were explored by the log-rank 
test. Cox regression analysis was used to assess the effect of 
various factors on tumour growth and hazard ratios with 
95% CIs were calculated. There was no significant departure 
from proportional hazards assumptions for any of the varia-
bles. The level of significance was set at P < .05. Statistical ana-
lyses were performed by IBM SPSS Statistics for Windows, 
Version 20 (IBM Corp., Armonk, NY, USA).

Results

Patient and micro-NFPA characteristics at 
presentation

Data for 459 patients with micro-NFPA detected on MRI were 
retrieved. Median age at tumour identification was 44 years 
(IQR 31-57); 152 (33.1%) were males and 307 (66.9%) fe-
males, with females presenting at an earlier age than males 
(Table 1). The indications for imaging leading to 
micro-NFPA detection are shown in Table 2, with the most 
common being headaches (19.8%). The median maximum 
diameter of the tumour was 6 mm (IQR 4-8 mm).

Imaging outcomes during follow-up

In total, 419 patients had at least 2 MRIs. The median imaging 
monitoring period was 3.5 years (IQR 1.7-6.1 years). During 
this interval, acute pituitary apoplexy was diagnosed in one 
patient (0.2%) (female with an initial 7 mm micro-NFPA, 
with apoplexy presenting 16 months later and managed con-
servatively). Amongst the remaining 418 patients, in 49 

Table 1. Patient demographics and tumour characteristics.

Parameters Values

Age (years), median, (IQR) 44 (31-57)
Age (years), median (IQR), malesa 48 (38-61)
Age (years), median (IQR), femalesa 36 (30-55)
Sex
Males 152/459 (33.1%)
Females 307/459 (66.9%)
Size of micro-NFPA at detection (mm), median, 

(IQR)b
6 (4-8)

Micro-NFPAs with maximum diameter <5 mm 125/426 (29.3%)
Micro-NFPAs with maximum diameter ≥5 mm 301/426 (70.7%)
Imaging follow-up duration (years), median, (IQR)c 3.5 (1.7-6.1)
Number of MRIs performed in those with imaging 

follow-up, median, (IQR)c
3 (2-4)

Abbreviations: IQR, interquartile range; micro-NFPA, non-functioning 
pituitary microadenoma; MRI, magnetic resonance imaging; mm, 
millimetres. 
aP < .001. 
bData available for 426 patients. 
cData available for 419 patients.
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(11.7%) the micro-NFPA enlarged, in 79 (18.9%) it reduced 
in size, and in 290 (69.4%) it remained stable (Figure 1).

Cumulative probability of tumour growth was 7.8% (95% 
CI, 4.9%-8.1%), 14.5% (95% CI, 10.2%-18.8%) and 18.3% 
(95% CI, 13.0%-23.6%) at 3, 5 and 7 years, respectively 
(Figures 2 and 3, Table 3). Growth incidence was 2.7 (95% 
CI, 2.0-3.5) per 100 person-years and where maximal tumour 
diameter data were provided (n = 41), median increase was 
2 mm (IQR 1-3). Median time until detection of first growth 
was 3 years (IQR 1.6-4.5) and a median number of three 
MRIs (range 2-6) were performed prior to this. Twenty-four 
(49%) of micro-NFPAs that grew became macroadenomas 
(23 of them were >5 mm at first detection; in the patient 
with a starting tumour of <5 mm, growth occurred during 
pregnancy with subsequent reduction in size). In the group 
of 49 cases with tumour enlargement, 5 were operated on, 
18 had no further radiological follow-up available and 26 
had imaging monitoring for a median period of 2.1 years 

(1.3-3.8); in the last subgroup, 12 (48%) showed a further in-
crease in tumour size.

During the whole monitoring period, eight patients with 
grown adenomas (first episode or after further increase) 
were managed by surgery (all had become macroadenomas, 
1.9% of total cases). During the first 3 years of follow-up, 
one patient had transsphenoidal surgery [size at detection 
9 mm—21 months later, size 17 mm (optic chiasm clear)—op-
erated due to growth]. Reasons for surgical intervention in-
cluded development of visual field defects secondary to optic 
chiasm compression (n = 1), tumour abutting the optic chiasm 
but without visual deficit on neuro-ophthalmic assessment 
(n = 2), a wish for pregnancy (n = 1), or because of tumour 
growth alone (n = 4). Pathology showed pituitary adenoma 
(n = 6), “areas of necrosis and inflammation” (n = 1), or was 
unavailable (n = 1).

Cumulative probability of tumour shrinkage was 14.1% 
(95% CI, 10.4%-17.8%), 21.3% (95% CI, 16.4%-26.2%), 
and 26.0% (95% CI, 20.1%-31.9%) at 3, 5 and 7 years, re-
spectively (Figures 4 and 5, Table 3). In the group of 79 cases 
with tumour shrinkage, 53 had no further follow-up available 
and 26 had imaging monitoring for a median of 2.1 years (IQR 
1.7-3.5); in the last subgroup, 9 (34.6%) had a further reduc-
tion (1 of these cases showed gradual reduction over a period 
of 5 years followed by increase in size in the latest scan 2 years 
later).

Age at micro-NFPA detection, sex, and size of micro-NFPA 
at time of detection (maximum diameter or size <5 or ≥5 mm) 
were not predictors of enlargement or shrinkage (Table 4).

Pituitary function

At baseline, 33 (7.2%), 8 (1.7%), and 7 (1.5%) patients were 
reported to have secondary hypogonadism, hypothyroidism, 
and hypoadrenalism (without other documented factors asso-
ciated with these findings), respectively (Table 5). Forty-one 
(85.4%) of those with pituitary hormone deficits had tumours 
≥5 mm; the remaining seven (14.6%) had isolated hypogona-
dotropic hypogonadism and their tumour was <5 mm.

During follow-up, repeat assessment of the FSH/LH, TSH, 
and ACTH axes was performed in 325 (70.8%), 354 
(77.0%), and 310 (67.5%) of patients, respectively. Two 
patients (0.6%) were diagnosed with new hypopituitarism 
during follow-up: secondary hypothyroidism in one (who al-
ready had hypogonadism and hypoadrenalism at baseline), 
and secondary hypogonadism, hypothyroidism, and hypoa-
drenalism in the other. In both patients, hypopituitarism was 
detected after tumour growth (both became macroadenomas).

Table 2. Indication for imaging which led to micro-NFPA detection.

Primary indication for imaging Number of patients 

(%)

Headache 91 (19.8)
Neurological manifestations (excluding 

headache)
69 (15.0)

“Incidental” finding with no further details 
available

67 (14.6)

Hypogonadism 60 (13.1)
Hyperprolactinaemia (proved to be transient) 43 (9.4)
Visual disturbance 20 (4.4)
ENT problemsa 20 (4.4)
Oligo-/amenorrhea 16 (3.5)
Abnormal thyroid function tests 15 (3.3)
Screeningb 12 (2.6)
Unknown 12 (2.6)
Galactorrhoea 11 (2.4)
Head injury 5 (1.1)
Hypoadrenalism 4 (0.9)
Hypopituitarism, not further specified 4 (0.9)
Pubertal delay/precocious puberty/short stature 3 (0.7)
Investigation for polyuria/polydipsia 2 (0.4)
Suspected Cushing’s syndrome 2 (0.4)
Suspected acromegaly 1 (0.2)
Hyponatraemia 1 (0.2)
Obstructive sleep apnoea 1 (0.2)

Abbreviation: ENT, ear, nose, and throat. 
aTinnitus, anosmia, vertigo, otalgia, deafness, sinus or nasal septum or 
epiglottic problems, and during vestibular schwannoma surveillance. 
bFor patients with Multiple Endocrine Neoplasia 1 or with a history of 
cancer or of infiltrative/inflammatory disease.

Figure 1. Summary of the outcomes of patients with non-functioning pituitary microadenoma during follow-up (n = 418, one patient who developed 

pituitary apoplexy has been excluded).
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Discussion

To our knowledge, this is the largest study to date elucidating 
the outcomes of presumed micro-NFPAs in 23 participating 
endocrine departments (UK NFPA consortium). We have 

shown cumulative probability of tumour growth of 7.8% 
and 14.5%, at 3 and 5 years, respectively. The growth inci-
dence was 2.7 per 100 person-years with only 1.9% of the to-
tal cases undergoing pituitary surgery during the follow-up 
period. Tumour size, age at micro-NFPA detection, and sex 
were not predictors of enlargement. Notably, extremely rare 
events were the diagnosis of new hypopituitarism (reported 
in only two patients, both of whom had tumour growth) 
and the development of acute pituitary apoplexy (in just one 
patient with an initial tumour size of 7 mm).

Our results on tumour enlargement based on the monitor-
ing of 419 cases are in accord with the findings of 
some,12,14,25 but not all16,23 studies. In a cohort of presumed 
micro-NFPAs followed for a mean period of 41 months, 
growth was reported in 12.5%, with cumulative probability 
of enlargement of 19% at 4 years.12 In a series of 271 patients 
with micro-NFPAs monitored for a median period of 29 
months, growth was documented in 8.1% of cases [growth in-
cidence 2.1 per 100 person-years (95% CI, 1.4-3.3)].14 By 
contrast, in one study with 19 micro-NFPAs, growth was re-
ported in 52.6% over a median follow-up of 3.9 years (obser-
vation period was provided for both macro- and 
micro-NFPAs).16 Disparity between our findings and this 
study may be explained by the considerable difference in co-
hort sizes. In a series of 177 patients with a pituitary tumour 
≤10 mm and monitored by MRI for a median period of 4.9 
years, increase in size was reported in 28%, with overall 
slow growth rates; amongst the small number of cases under-
going tumour resection, a majority proved to be functioning 

Figure 2. Cumulative probability of non-functioning pituitary 

microadenoma growth-free survival.

Figure 3. (A) Baseline sagittal, post-contrast T1-weighted MRI demonstrating an 8.6 mm presumed NFPA in the left side of the sella. (B) Sagittal, 

post-contrast T1-weighted MRI demonstrating enlargement of the tumour 4 years after the baseline imaging (macroadenoma, 12 mm).

Table 3. Cumulative probability of tumour growth and reduction.

Total <5 mma
≥5 mma

Cumulative probability of tumour growth (95% CI)
1 year 1.3% (0.1-1.9) 0% 1.9% (0.3-3.5)
2 years 4.2% (2.0-6.4) 1.1% (0.0-3.3) 5.7% (2.8-8.6)
3 years 7.8% (4.9-8.1) 4.6% (0.0-9.9) 9.9% (8.0-11.8)
5 years 14.5% (10.2-18.8) 13.9% (3.7-24.1) 15.4% (10.1-20.7)
7 years 18.3% (13.0-23.6) 13.9% (3.7-24.1) 19.6% (13.1-26.1)

Total <5 mmb
≥5 mmb

Cumulative probability of tumour reduction (95% CI)
1 year 3.0% (1.2-4.8) 4.7% (0.8-8.6) 2.3% (0.5-4.1)
2 years 9.6% (6.5-11.2) 9.4% (3.5-15.3) 10.2% (6.5-13.9)
3 years 14.1% (10.4-17.8) 15.4% (7.4-23.4) 14.8% (10.1-18.6)
5 years 21.3% (16.4-26.2) 28.8% (17.4-40.2) 20.6% (14.9-26.3)
7 years 26.0% (20.1-31.9) 36.0% (21.9-50.1) 25.3% (18.2-32.4)

aLog rank P = .77. 
bLog rank P = .45.
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pituitary adenomas or Rathke’s cleft cyst and the authors ac-
knowledged that they did not perform subgroup analysis on 
cystic and solid lesions.26 In our study, the cumulative prob-
ability of tumour reduction was 14.1% at 3 years with a 
speculative mechanism being ischaemic changes within the 
tumour.

Currently, for all micro-NFPAs, the Endocrine Society rec-
ommends MRI 1 year after detection, and if stable, every 
1-2 years for 3 years, and less often thereafter.27 Similarly, 
the German Society for Endocrinology recommends annual 
MRI for 3 years, and if no change in tumour size, subsequent 
imaging is organised based on individual evaluation and dis-
cussion with the patient.28 Others do not recommend further 
imaging surveillance for micro-NFPAs smaller than 5 mm at 
detection.29,30 In a UK survey between 2021 and 2022, there 
was significant heterogeneity in the imaging monitoring prac-
tice adopted amongst clinicians.10 Interestingly 31% would 
perform pituitary MRI at 1 year, 18.3% at 1 and 2 years 
and 18.3% at 1, 2, and 3 years; in all approaches, the patient 

would be discharged if there was tumour stability.10 Our data 
challenge this approach and the existing guidelines, as the me-
dian increase during the whole follow-up period in the group 
of tumours that enlarged was only 2 mm (IQR 1-3) and the 
probability of tumour growth in the first 3 years was low. 
Furthermore, only one patient was offered surgery during 
the first 3 years of monitoring (due to tumour growth rather 
than impact on the optic pathways). Consequently, extending 
the initial imaging interval to 3 years after micro-NFPA detec-
tion appears to be a safe, and arguably a more cost-effective 
approach to micro-NFPA surveillance.

We did not identify clinical predictors of tumour enlarge-
ment, particularly tumour size. It is of interest that there was 
a trend for older age to be associated with higher risk of 
micro-NFPA growth; larger studies would help clarify 
whether this is a true finding. In ours, as well as in other stud-
ies,14,25,31 the relatively short duration of follow-up has not al-
lowed the establishment of the optimal timing for patient 
discharge. This short monitoring interval reflects real-world 
data, as most clinicians discharge the patients within 3 years 
of confirming tumour stability.10 Given the small-scale me-
dian increase in tumour size (also supported by others26), it 
could be argued that elderly patients and particularly those 
with tumours <5 mm could be safely discharged after interval 

Figure 4. Cumulative probability of non-functioning pituitary 

microadenoma reduction-free survival.

Figure 5. (A) Baseline sagittal, post-contrast T1-weighted MRI demonstrating a 3.5 mm presumed NFPA in the right side of the sella. (B) Sagittal, 

post-contrast T1-weighted MRI demonstrating shrinkage of the tumour 1 year after the baseline imaging.

Table 4. Hazard ratios for micro-NFPA growth and reduction.

Variable Tumour growth 

Hazard ratio, 

95% CI, 

P value

Tumour reduction 

Hazard ratio, 

95% CI, 

P value

Age at micro-NFPA 
detection

1.02 per year 1.00 per year
1.00-1.04 0.99-1.02
.06 .58

Sex 0.64 1.19
0.36-1.21 0.72-1.96
.12 .49

Tumour size (maximum 
diameter in mm)

1.09 0.98
0.94-1.26 0.88-1.10
.26 .68

Tumour size (<5 or ≥5 mm) 1.79 0.83
0.80-4.00 0.50-1.36
.16 .45
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imaging at 3 years, or even at the time of the micro-NFPA de-
tection. This would be after discussion with the patient ex-
plaining the rationale of this approach. During a median 
imaging follow-up period of 3.5 years, 1.9% of our cases 
were offered surgery with only three out of eight compressing 
or abutting the optic pathway. Whether a longer observation 
interval could result in a larger ratio of clinically significant tu-
mour enlargement remains to be clarified. In a small subset of 
tumours that increased in size, growth continued; clarification 
of the clinical significance of this trend would require longe- 
term surveillance.

The most frequent indication for imaging leading to tumour 
detection was headache (20% of cases), a symptom commonly 
reported in this group of patients.14,17,32 Whether the 
micro-NFPA is indeed responsible for the headaches is difficult 
to establish, particularly for smaller lesions that do not trigger 
pain through dural tears or cavernous sinus invasion.33

After micro-NFPA detection, a minority of patients were 
found with pituitary hormone deficits at baseline; 7.2% with 
secondary hypogonadism, 1.7% with secondary hypothyroid-
ism, and 1.5% with secondary hypoadrenalism. Interestingly, 
in 15% of the cases, the tumour size was <5 mm. Whether the 
aetiology of the pituitary dysfunction correlates with pressure 
effects from the micro-NFPA in all cases is not clear and this 
could be particularly debated for small tumours or in the cases 
of reported isolated ACTH or TSH deficiency. Our results are 
in concordance with other series,14,17,20,21,34 though excep-
tions include one study with loss of at least two hormonal 
axes in 50%,18 and another with loss of one or more hormonal 
axes (most commonly LH/FSH and TSH deficiencies) in 42% 
of cases with micro-NFPAs.16 It should be highlighted that 
both studies had a small sample size (19 and 38 patients),16,18

and the possibility of clinical confounders in the patient 
groups cannot be excluded (eg, in the study with a 50% rate 
of hypopituitarism, patients’ mean BMI was 36.2 kg/m2).18

In our cohort, a considerable number of patients were 
screened for hypopituitarism in the absence of known tumour 
growth. This also featured in the UK survey, in which 47% of 
the respondents opted for annual pituitary function assess-
ment.10 We found that only 0.6% of the patients developed 
new hypopituitarism (detected after tumour growth which be-
came macroadenoma). Our findings (also supported by the re-
sults of others14,25,35), underpin the concept that there is little 
value in repeated hormonal screening in patients with stable 
imaging or no new clinical manifestations of hypopituitarism, 
as recommended by the Endocrine Society27 and the French 
Society of Endocrinology guidelines.30

Strengths of this study include its large sample size and its 
multi-centre design with wide representation of UK endocrine 

departments, allowing the inclusion of more diverse groups of 
patients. Furthermore, those with hypopituitarism—either at 
baseline or diagnosed during follow-up—were carefully 
screened to clarify whether the hormonal deficits could be at-
tributable to other confounding factors. Limitations include 
the lack of pathological confirmation of the diagnosis of aden-
oma which is, however, inherent to this study that aimed to in-
vestigate the outcomes of conservatively managed presumed 
micro-NFPAs. Variation in image interpretation amongst ra-
diologists from participating centres needs to be considered 
and this could not be ameliorated due to the retrospective na-
ture of the study; nonetheless, the findings represent “real- 
world” data reflecting daily clinical practice. GH deficiency 
was not routinely evaluated given the specific criteria for ob-
taining GH replacement set by the UK healthcare funding 
regulator (NICE). The long interval covering this study, the 
wide geographical and organisational spread of the participat-
ing departments, as well as the variations and changes in the 
reporting practices may have introduced under-reporting of 
the micro-NFPAs in the databases of the centres. Finally, simi-
larly to previous studies,12,14,16 the follow-up duration did not 
allow us to provide estimates of tumour behaviour in the lon-
ger term.

The findings for this large, multi-centre study have further 
elucidated uncertainties over the natural history of conserva-
tively managed micro-NFPAs and inform clinical practice. 
The low probability of tumour growth, especially during the 
first 3 years from micro-NFPA detection, combined with the 
absence of relevant clinical consequences, provides reassur-
ance for both clinicians and patients. They also give ground 
to the argument for revising the current international imaging 
recommendations, as it has also been proposed in two smaller 
single-institution US reports.14,26 Delaying the first follow-up 
MRI to 3 years and reinforcing the need to avoid re-evaluation 
of pituitary function in the absence of tumour growth or of 
relevant clinical manifestations are important cost-effective 
approaches and, given the expanding detection rates of 
micro-NFPAs, could lead to considerable financial savings 
and spare significant resources for healthcare systems. In the 
absence of predictors of micro-NFPA growth, defining the 
group of patients requiring closer attention is challenging. 
Until longer-term follow-up studies are available, imaging at 
3 years and if the tumour is stable, at 6 years from time of 
micro-NFPA detection would be a reasonable approach with 
an earlier scan dictated by a high index of suspicion of growth 
(eg, visual field deficits) or clinical signs of apoplexy.
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