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Objectives: Recurrence and regrowth of non-functioning pituitary
macroadenomas (NFPMs) after surgery are common but remain unpredictable.
Therefore, the optimal timing and frequency of follow-up imaging remain to be
determined. We sought to determine the long-term surgical outcomes of
NFPMs following surgery and develop an optimal follow-up strategy.
Methods: Patients underwent surgery for NFPMs between 1987 and 2018, with a
follow-up of 6 months or more, were identified. Demographics, presentation,
management, histology, imaging, and surgical outcomes were retrospectively
collected.
Results: In total, 383 patients were included; 256 were men (256/383; 67%) with
median follow-up of 8 years. Following primary surgery, 229 patients (229/383;
60%) achieved complete resection. Of those, 28 (28/229; 11%) developed
recurrence, including six needed secondary surgery (6/229; 3%). The rate of
complete resection improved over time; in the last quartile of cases, 77 achieved
complete resection (77/95; 81%). Reoperation-free survival at 5, 10 and 15 years
was 99%, 94% and 94%, respectively. NFPMs were incompletely resected in 154
patients (154/383; 40%); of those, 106 (106/154; 69%) had regrowth, and 84 (84/
154; 55%) required reoperation. Surgical reintervention-free survival at 5, 10 and
15 years was 74%,49% and 35%, respectively. Young age and cavernous sinus
invasion were risk factors for undergoing reoperation (P < 0.001 and P < 0.0001,
respectively) and radiotherapy (P=0.003 and P < 0.001, respectively). Patients
with residual tumour required reoperation earlier than those underwent
complete resection (P= 0.02). Radiotherapy to control tumour regrowth was
delivered to 65 patients (65/383; 17%) after median time of 1 year following
surgery. Radiotherapy was administered more in patients with regrowth of
residual disease (61/106; 58%) than those who had NFPMs recurrence (4/28;
14%) (P≤ 0.001) Following postoperative radiotherapy, one patient (1/65; 2%)
had evidence of regrowth, seven (7/65; 11%) had tumour regression on imaging,
and no patients underwent further surgery.
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Conclusions: NFPMs recurrence and regrowth are common, particularly in patients with
residual disease post-operatively. We propose a follow-up strategy based on stratifying
patients as “low risk” if there is no residual tumour, with increasing scan intervals, or “high
risk” if there is a residual tumour, with annual scans for at least five years and extended
lifelong surveillance after that.
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strategy
Introduction

Adenohypophyseal tumours are well-differentiated pituitary

neuroendocrine tumours (PitNETs) of the pituitary gland (1)

expressing distinct morphologic, molecular, and clinical

differences. Non-secretory gonadotropin-expressing subtype

comprises around 80–90% of PitNETs (2–4) and varies in

clinical presentation from an incidental finding on imaging to

large macroadenomas damaging the pituitary gland and the optic

pathway (5, 6). Consequently, hypopituitarism, visual

compromise and headache are common clinical manifestations (7).

Transsphenoidal surgery is the gold standard therapy for

pituitary macroadenomas compressing the optic apparatus.

Recurrence and tumour progression following operation is

challenging and can be managed with further surgical resection

or adjuvant radiotherapy for patients with inoperable tumours or

relatively large residual disease (8, 9). To date, there is no

effective medical therapy for non-functioning pituitary

adenomas (10).

There are no clear predictive clinical or histological factors for

non-functioning pituitary macroadenomas (NFPMs) recurrence

following surgery (11). Therefore, postoperative neuroradiological

surveillance is variable, and imaging frequency is often debated.

Developing risk stratification of patients is required to apply the

optimal treatment modality.

This study aimed to investigate surgical outcomes in patients

with NFPMs. The primary aim is to assess the natural course of

tumour recurrence and regrowth following surgical intervention

and propose an optimal neuroimaging follow-up strategy.
Methods

Ethics approval to conduct this study was obtained from

Westminster Research Ethics Committee on 07/04/2020. The

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) Statement was used to prepare this

section of the manuscript (12). This study was a single-centre

cohort study including all patients who underwent surgical

resection for NFPMs between 1987 and 2018 with or without

radiotherapy and had a follow-up duration of more than six

months. The study was conducted at the National Hospital for

Neurology and Neurosurgery based in London. Surgical resection

was performed mainly by three experienced neurosurgeons: MP

and JG, who adopted a microscopic transsphenoidal approach,
02
and ND, who adopted an endoscopic transsphenoidal approach.

A retrospective review of medical case notes was performed.
Data collection

The diagnosis of NFPMs was based on the absence of clinical

and biochemical evidence of functioning tumours. Data were

collected on patients’ demographics, clinical presentation, pre-

operative imaging, treatment modalities, and postoperative

recurrence and regrowth. Pre-operative imaging included

craniocaudal, transverse, and anteroposterior dimensions, and

tumour volume was calculated using the ellipsoid formula [43π

(a.b.c)] (13).

The initial decision to operate was made following a discussion

in the pituitary multidisciplinary meeting. Primary surgery was

performed for patients with NFPMs threatening or compressing

the optic pathway or when there was diagnostic uncertainty. In

all cases, tumour specimens underwent immunohistological

analysis to identify the type of pituitary adenoma. MIB-1

monoclonal antibody was used to detect Ki-67 antigen in

formalin-fixed, paraffin-embedded tissues. Ki-67 expression of

more than 3% was considered high (14, 15). All patients had

post-operative Magnetic Resonance Imaging (MRI) or, if this was

contra-indicated, Computed Tomography (CT) between 3 and 6

months post-surgery to assess the extent of surgical resection. All

imagings were reported by independent neuroradiologists as

either complete resection, incomplete resection, or residual sellar

tissue of uncertain significance (Figure 1). Tumour recurrence

was considered when there was tumour reappearance on follow-

up imaging after total resection, while regrowth was considered

when there was a growth of the residual lesion post subtotal

resection, as reported by an independent neuroradiologist. The

decision to offer reoperation and administer radiotherapy was

based on the assessment of the patient’s vision, their associated

imaging findings, and discussion in the pituitary

multidisciplinary meeting.
Statistical analysis

For the purposes of statistical analysis, residual sellar tissue of

uncertain significance was grouped with complete resection,

indicating that a case was considered as a complete resection

unless an obvious residual disease had been present. This
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FIGURE 1

T1-weighted coronal magnetic resonance imaging (MRI) illustrating the extent of surgical resection of non-functioning pituitary macroadenomas and the
classification of complete resection, residual disease and sellar tissue of uncertain significance based on the appearance on postoperative imaging. Case 1
(A) preoperative MRI, (B) initial postoperative MRI with complete excision reported, and (C) 5 years following surgery. Case 2 (A) preoperative MRI, (B) initial
postoperative MRI with residual sellar tissue of uncertain significance reported, and (C) 5 years following surgery. Case 3 (A) preoperative MRI, (B) initial
postoperative MRI with obvious residual disease reported, and (C) 5 years post surgery.
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decision was made post-hoc to facilitate comparison with other

studies.

Primary data were evaluated using descriptive statistics. Mean

and standard deviation (SD) were used to describe continuous

variables. Median and interquartile range (IQR) were used to

describe data not normally distributed. The chi-square test was

used to compare categorical variables. The Pearson correlation

test was used to assess the correlation between nominal and

numerical variables. Recurrence-free curves were generated by

the Kaplan–Meier method, and the evaluations of the differences

in the various sub-groups were done by the log-rank test. The

Spearman analysis test was used to measure the correlation

between continuous and nominal variables. A P value <0.05 was

considered statistically significant. IBM SPSS statistics version 28

was used in this study.
Results

Patients’ characteristics, clinical and
radiological features at presentation

In total, 383 patients were identified for this study; 256

(256/383; 67%) were men, and 127 (127/383; 33%) were women
Frontiers in Surgery 03
with a median follow-up duration of 8 years (IQR 5–10). The

median age at presentation for the full cohort was 57 years (IQR

48–67).

The leading presenting manifestation was visual impairment

(228/383; 60%). On formal ophthalmic assessment, 262 patients

(262/383; 68%) had signs of visual field defect caused by optic

compression. Hypopituitarism at presentation occurred in 58

patients (58/377, 15%); however, on preoperative endocrine

screening (available for 377 patients), 235 patients (235/377;

62%) had evidence of at least one pituitary hormone deficiency.

Sixty-six patients had their pituitary macroadenoma detected

incidentally on radiological imaging (66/383; 17%) and due to

headache in 41 patients (41/383; 11%). Twelve patients (12/377;

3%) were admitted with pituitary apoplexy.

With respect to radiological findings before surgery, data were

available for 379 patients (Table 1). Fourteen patients (14/379; 4%)

had a macroadenoma confined to the intrasellar space, 357 patients

(357/379; 94%) had NFPMs abutting or compressing the optic

apparatus, and 124 patients (124/379; 33%) had evidence of

cavernous and sphenoid sinuses invasion (Table 1). NFPMs

dimensions and volume on preoperative imaging were available

for 317 patients; the correlation between tumour size with

tumour recurrence and regrowth is shown in Table 2. Data of

those with cavernous and sphenoid sinuses invasion were
frontiersin.org
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TABLE 2 The incidence of non-functioning pituitary macroadenoma
recurrence and regrowth following primary surgery based on patient’s
age, gender, and technique of surgical visualization for the full cohort.

Tumour
recurrence/
regrowth

No tumour
recurrence/
regrowth

P value

Median age (IQR) 54 years (44–61) 59 years (49–68) 0.001

Gender
Male 81/256 (32%) 175/256 (68%) 0.3

Female 47/127 (37%) 80/127 (63%)

Tumour dimensions and volume on preoperative imaging
Craniocaudal diameter (IQR) 3.2 cm (2.4–3.9) 2.5 cm (1.9–3.2) 0.001

Transverse diameter (IQR) 2.7 cm (2.1–3) 2.2 cm (1.8–2.7) 0.001

Anteroposterior diameter (IQR) 2.3 cm (1.9–2.6) 1.9 cm (1.6–2.3) 0.001

Volume (IQR) 10.5 cm3 (5–16) 5.8 cm3 (3–10) 0.001

Surgical technique
Microscopic surgery 103/316 (33%) 213/316 (67%) 0.2

Endoscopic surgery 10/44 (22%) 34/44 (78%)

Cm, centimetre; IQR, interquartile range.

TABLE 1 Radiological features of non-functioning pituitary
macroadenomas at presentation. Imaging data at time of diagnosis were
available for 379 patients.

Macroadenomas with/without suprasellar extension but not
touching the optic chiasm

14 (14/379; 4%)

Macroadenoma abutting or compressing the optic apparatus 357 (357/379; 94%)

Cavernous Sinus invasion 115 (115/379; 30%)

Sphenoid invasion 21 (21/379; 6%)

Clivus invasion 9 (9/379; 2%)

Extension to lateral ventricle 5 (5/379; 1%)

Nasopharynx invasion 2 (2/379; <1%)

Temporal lobe invasion 1 (1/379; <1%)

Knosp classification of pituitary macroadenomas
Grade I 143/379 (38%)

Grade II 126/379 (33%)

Grade III A 63/379 (17%)

Grade III B 8/379 (2%)

Grade IV 43/379 (11%)

TABLE 3 Data of patients with cavernous and sphenoid sinuses invasion
and those without on imaging at time of non-functioning pituitary
macroadenoma diagnosis. Imaging data at time of diagnosis were
available for 379 patients. Combined data for Ki-67 and preoperative
radiology were reported in 374 patients. Data of preoperative imaging
for patients who underwent secondary surgery were recorded for 87
patients.

Cavernous and
sphenoid
sinuses
invasion

No
invasion

P value

Sex (Male) 83/124 (67%) 170/255 (67%) 1

Age 59 years (48–67) 57 (46–66) 0.06

Median tumour volume
(IQR) on preoperative
imaging

10 cm3 (6–17) 5 cm3 (3–10) 0.001

Patients needed secondary
surgery

34/124 (32%) 53/255 (21%) 0.2

Median timing (IQR) of
surgical reintervention

4.5 years (2–11) 7 years (5–10) 0.3

Ki-67 > 3% 15/120 (13%) 28/254 (11%) 0.6

Patients received radiotherapy 40/124 (32%) 25/255 (10%) <0.001

Cm, centimetre; IQR, interquartile range.
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analysed separately and compared with the rest of the cohort

(Table 3).
Surgical management of NFPMs

For primary surgery, most patients underwent transsphenoidal

resection of NFPMs (378/383; 99%), and only five patients had

transcranial surgery (5/383; 1%) (P < 0.001). Most of the patients

in this cohort (360/383; 94%) underwent their primary surgery

in our centre, while 23 patients (23/383; 6%) had their primary

operation in other hospitals but were later referred to our

hospital for ongoing treatment for recurrence or regrowth.

Following primary surgery, a total of 13 patients (13/383; 4%)

had immediate surgical complications requiring intervention.

These complications included eight patients with CSF leak

(8/383; 2%), three patients with sellar haemorrhage (3/383; 1%),

one patient with carotid injury (1/383; 0.3%), and one patient

with an abdominal graft site haematoma (1/383; 0.3%). There
Frontiers in Surgery 04
were no postoperative deaths within 30 days of primary surgery

in the cohort.

Total resection was achieved in 229 patients (229/383; 60%).

The rate of complete resection improved over time; in the last

quartile of cases, 77 patients achieved complete resection (77/95;

81%). Of those that achieved complete resection, 28 patients

(28/229; 11%) had tumour recurrence on imaging after a median

follow-up of 3 years (IQR 2–5). Six of these patients (6/229; 3%)

had tumour recurrence requiring a second surgery after a median

duration of 7 years (IQR 6–10) after their first surgery. Re-

operation was via the transsphenoidal approach in all cases.

Surgical reintervention-free survival probability for those who

had complete resection at 5, 10 and 15 years was 99%, 94% and

94%, respectively (Figure 2).

Residual disease was evident in 154 patients (154/383; 40%) on

the first postoperative imaging; of those, 106 (106/154; 69%) had

tumour regrowth on imaging after a median follow-up of 3 years

(IQR 1–5) and 84 patients (84/154; 55%) needed a second

surgery after a median duration of 6 years (IQR 2–9) of their

first surgery. Transsphenoidal resection for adenoma recurrence

or regrowth was performed in 80 patients (80/84; 95%), while

only four patients had transcranial operation (4/84; 5%). Surgical

reintervention-free survival probability for patients who

underwent incomplete resection of NFPM at 5, 10, and 15 years

was 74%, 49% and 35%, respectively (Figure 2).

Patients with residual disease following primary surgery had a

higher risk of tumour regrowth than those who underwent

complete resection with an Odds ratio of 16 (95% CI = 10–28)

(P = <0.001). Younger patients were more likely to undergo

secondary surgery with a median age of 53 years (IQR 44–61) vs.

those patients who didn’t need surgical reintervention at 59 years

(IQR 49–68) (P = <0.001). Cavernous and sphenoid sinuses

invasion on the first postoperative imaging didn’t influence the

need for further surgical intervention in those with and in those

without features of invasion (0.2).
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FIGURE 2

Kaplan-Meier curve illustrating surgical reintervention-free survival probability for patients with complete resection of non-functioning pituitary
macroadenomas and those with residual disease following primary surgery. Follow-up time was measured in years from the initial surgery. CS,
complete resection; RD, residual disease.

TABLE 4 Expression of Ki-67, represented in percentage, in the resected
pituitary adenomas according to patients’ age, visual deficit, extrasellar
extension and treatment modality. Data on Ki-67 expression in the
resected adenomas were available in 378 patients. Combined details of
Cavernous and sphenoid sinuses invasion on preoperative radiology and
Ki-67 were reported in 374 patients.

Ki-67 expression in the resected pituitary adenomas

Hussein et al. 10.3389/fsurg.2023.1129387
For the entire cohort, larger tumours, as demonstrated on pre-

operative imaging, were associated with an increased risk of

recurrence and regrowth (Table 2). Younger patients had a

higher risk of disease recurrence (P≤ 0.001). Patient’s sex and

choice of micro-or endoscopic surgical approach were not shown

to be risk factors for tumour recurrence and regrowth (Table 2).

Less than 1% 84/378 (22%)

1–3% 251/378 (66%)

3–5% 37/378 (10%)

>5% 6/378 (2%)

Ki-67 <3% >3% P value

Median age (IQR) 59 years (48–67) 53 years (45–60) 0.01

Visual loss 225/335 (67%) 32/43 (74%) 0.1

Cavernous and sphenoid sinuses
invasion on first imaging

105/331 (32%) 15/43 (35%) 0.9

Patients underwent primary
surgery only

258/335 (77%) 30/43 (70%) 0.3

Patients received reoperation for
tumour recurrence/regrowth

77/335 (23%) 13/43 (30%)

Patient treated with adjuvant
radiotherapy

49/335 (14%) 16/43 (37%) 0.001
Histological data

Based on hormone expression using immunohistological

analysis of the resected tumours, Gonadotroph-expressing

NFPMs occurred in 371 patients, while 12 patients had

pleurihormonal pituitary adenomas. The extent of Ki-67

expression in the resected pituitary adenomas is shown in

Table 4. It was higher in those who required a secondary

surgery, but this was not statistically significant; 23% (77/335) of

patients with Ki-67 < 3% required re-operation, compared to 30%

(13/43) of patients with Ki-67% > 3% (P = 0.3). Nor was Ki-67

associated with the timing of the second surgery (P = 0.2).

However, Ki-67 was higher in those that received postoperative

radiotherapy than in those treated with surgery alone (P≤ 0.001)

(Table 4).

There was a significant inverse relationship between high Ki-67

and age (P = 0.01) (Table 4). Ki-67 expression was similar in those

with preoperative visual loss and those with normal vision (P =

0.1). In addition, high ki-67 more than 3% was not associated

with cavernous sinus invasion on preoperative imaging (13/111;

14% with cavernous sinus involvement vs. 30/263; 11% in those

without) (P = 0.9).
Frontiers in Surgery 05
Radiotherapy

Pituitary radiotherapy to control tumour regrowth was

delivered to 65 patients (65/383; 17%) after a median time of

1 year (IQR 1–3) following surgery. Radiotherapy was used more

to control tumour progression in those who had regrowth of

their residual disease (61/106; 58%) than those patients who had

NFPMs recurrence after complete resection (4/28; 14%) (P≤
0.001). External beam radiotherapy was administered in 63
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FIGURE 3

Non-functioning pituitary macroadenomas radiological progression-free survival for patients treated with surgery alone and those treated with
postoperative radiotherapy. Follow-up time is shown in years from the first surgery.
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patients (50.4 Gray in 28 daily fractions over 5.5 weeks), and single-

fraction Gamma knife radiosurgery was performed in two patients.

One patient (1/65; 2%) showed evidence of tumour regrowth after

23 years from receiving radiotherapy, and seven patients (7/65;

11%) had NFPMs regression on imaging after radiotherapy.

None of those treated with irradiation needed further surgery.

Four patients (4/65) had a complete resection.

Tumour progression-free survival probability after irradiation

was 100% at 5, 10 and 15 years (Figure 3). Postoperative

radiotherapy was used less in older patients to control residual

tumour (P = 0.003) and was delivered more often in patients

with cavernous and sphenoid sinuses invasion (39/124; 32%)

on postoperative imaging than those without (26/255; 10%)

(<0.001).
Visual outcome

Normal visual assessment was reported in 110 patients (110/

383; 29%), while 263 patients (263/383; 69%) had evidence of

visual impairment before surgery. Nine patients (9/383; 2%) with

underlying eye disease were excluded. At the latest review, 81

patients with preoperative visual deficit (81/263; 31%) had

normal vision, 155 patients (155/263; 59%) had visual

improvement, 18 patients (18/263; 7%) retained their visual
Frontiers in Surgery 06
impairment, and one patient (1/263; 0.4%) suffered permanent

deterioration following surgery. There were no reported cases of

radiotherapy-induced optic neuropathy.
Discussion

Principal findings

This retrospective cohort study of 383 patients with NFPMs

reports the following principal findings: (1) Residual disease on

the first post-operative scan was a significant risk factor for

NFPMs regrowth and associated with a higher risk of re-

operation and radiotherapy; and (2) Ki-67 antigen expression in

the resected pituitary adenoma was not a significant risk factor

for re-operation, albeit higher in young patients and those that

went on to receive radiotherapy. With these findings in mind, we

propose a follow-up strategy that stratifies patients at “low risk”

if there is no residual adenoma, with increasing scan intervals, or

at “high risk” if there is a residual disease, with annual scans for

at least five years and extended surveillance after that (Figure 4).

In patients with growing residual disease, we consider re-

operation if there is compression of the optic apparatus; and re-

operation and/or radiotherapy in patients who are young enough

such that future compression is anticipated.
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FIGURE 4

Neuroimaging follow-up strategy for patients who underwent primary surgery for non-functioning pituitary macroadenomas. MRI, magnetic resonance
imaging.

Hussein et al. 10.3389/fsurg.2023.1129387
Comparison with other studies

Pituitary adenomas are re-termed PitNET in the 5th Edition of

the WHO Classification of Endocrine and Neuroendocrine Tumors

(1). Non-functioning subtype is shown to recur following surgery

more frequently than other types of pituitary adenomas (11).

The lack of hormone hypersecretion-related syndromes impedes

early diagnosis and leads to delayed presentation with large

tumours. NFPMs commonly manifest by invading nearby critical

structures and compressing the optic pathway. Total resection of

NFPMs is challenging, particularly while operating on invasive

tumours extending beyond the sella turcica. Therefore, long-term

follow-up with regular clinical and radiological assessment is

necessary to detect disease progression and manage with further

surgery with and without radiotherapy when appropriate.

Several studies attempted to establish robust clinicopathological

and radiological factors to predict NFPMs recurrence after surgery.

However, there is no consensus about these variables (16).

Consequently, defining a clear neuroimaging time frame after

surgery when following patients with NFPMs is still lacking.

Young age, cavernous sinus invasion and partial resection of

NFPMs are independent predictive factors of recurrent growth
Frontiers in Surgery 07
detected in this study. Similar findings were demonstrated by

others (17–19).

On the contrary, Yeo et al. (20) and Batista et al. (21) studies

have not related age to tumour recurrence, whereas Dubois et al.

(22) reported that remanent tumours didn’t influence recurrence

in non-functional gonadotroph adenoma. In general, younger

patients are more likely to have closer surveillance and radical

treatment when developing NFPMs progression following

surgery, while elderly patients have a more conservative

approach. Patients with residual disease were at higher risk of

further surgical intervention for regrowing tumours than those

who underwent total resection. In addition, as demonstrated in

this study, those with remanent tumours required surgical

resection earlier than residual-free patients.

Transsphenoidal surgery is used in resecting most pituitary

tumours. To date, two operative visualisation techniques exist:

microscopic and endoscopic. The operating microscope was

introduced in the late 1960s (23) and was the gold standard for

resecting pituitary tumours over the next 30 years. Endoscopic

transsphenoidal surgery is an alternative route introduced in the

1990s (24) with two approaches, endonasal and sublabial. There

has been a growing trend of resecting pituitary adenomas using
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the endoscope over the last two decades during primary surgery

and resecting progressing residual disease, given its enhanced

visualisation, particularly into the cavernous sinus and suprasellar

region, offering the potential for a greater degree of tumour

removal than the microscopic approach. To this end, many

studies have demonstrated a higher rate of complete surgical

removal of pituitary adenomas, the most crucial prognostic

outcome, using endoscopic surgery than microscopic modality

(25–27). In this cohort, early patients predominantly underwent

microscopic pituitary surgery, as two of the neurosurgeons

operated using this approach. Endoscopic surgery was introduced

in our centre in 2012, and all the current neurosurgeons are

using this technique, with a corresponding improvement in

resection rates demonstrated in this cohort. Transcranial surgery

is rarely indicated but may have a role for patients with large

pituitary adenomas and substantial temporal or anterior cranial

fossa extension (28). Combined transsphenoidal and transcranial

approaches can also be used in some circumstances.

Computer-guided neuronavigation and intraoperative imaging

have also been increasingly deployed in pituitary surgery to achieve

the best surgical outcome. Conducting transsphenoidal surgery

with intraoperative MRI remains contentious due to increased

cost and length of surgery, but it may more readily demonstrate

the extent of tumour resection and increase the rate of complete

resection, particularly in large tumours and in cases of recurrent

adenomas (29, 30). In addition, MRI-guided resection is shown

to have a low recurrence rate (29). Other intraoperative imaging

using CT or ultrasound guidance have also been used, with the

latter offering the advantage of being more readily integrated into

the operative workflow and avoiding ionising radiation (31).

Definite molecular risk factors for NFPMs recurrence still need

to be well established. The ki-67 antigen is considered a marker of

tumour proliferation and invasiveness in pituitary tumours (32).

However, its prognostic value in predicting recurrence and

regrowth is debatable (32–34). The World Health Organization’s

classification of pituitary adenomas and recommendation for the

behaviour of invasive tumours propose a cut-off of Ki-67

proliferation index >3% (35) as a factor of aggressive pituitary

adenomas. In this study, recurrent NFPMs had a higher Ki-67

(>3%) than non-recurrent tumours, albeit not significantly raised.

Furthermore, the proliferation index was higher in younger

patients and those that went on to receive radiotherapy but not

in those with cavernous and sphenoid sinus invasion compared

to patients with macroadenoma confined to the sellar space. The

relationship between Ki-67 antigen and age, pituitary adenoma

recurrence and aggressive tumour behaviour has been

controversial. Kyung-II Paek et al. (34) and Mastronardi et al.

(36) couldn’t correlate between Ki-67 and age in patients with

pituitary adenomas. In contrast, other studies recorded higher

expression in young patients (22, 37, 38), which is concordant

with our study. Hongegger et al. (39) reported an independent

correlation between Ki67 and invasiveness in NFPAs, while

Chiloiro et al. (40) concluded that Ki-65 expression of more than

1.5% is associated with a greater risk of cavernous and sphenoid

sinus invasion, which is in contrast to our findings, but their

study included a cohort of functioning and non-functioning
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pituitary adenomas which can bias their data. Trouillas et al.

(33), in their multicentric case-control study, developed the five-

tiered prognostic clinicopathological classification of pituitary

adenomas. The classification is based on pituitary MRI for

cavernous or sphenoid sinus invasion and tumour size,

immunocytochemistry analysis and proliferation markers (Ki-67,

mitoses, and P 53). Tumours were classified according to size

(microadenoma, macroadenoma and giant pituitary adenomas),

type (Prolactin, Growth Hormone, FSH/LH, ACTH and TSH)

and grade (grade 1a: non-invasive, 1b: non-invasive and

proliferative, 2a: invasive, 2b: invasive and proliferative, and 3:

metastatic). Sahakian and Raverot et al. (1, 21) assessed and

validated the impact of this classification on tumour progression

in invasive and proliferative PitNETs.

Postoperative pituitary radiotherapy provides excellent control

of non-functioning adenoma regrowth with a potential reduction

in tumour volume in a small proportion of cases. However, its

routine use has been controversial and limited as adjuvant

therapy for progressive and invasive tumours when surgery is

unfeasible. In this study, the probability of tumour progression-

free survival after radiotherapy was comparable to the literature

(8). Age and cavernous sinus involvement influenced the need

for radiotherapy for our patients. Chang et al. (41) also reported

that those with adenomas invading the cavernous sinus needed

radiotherapy more frequently than those without (41). The

potential risk of hypopituitarism, injury to nearby radiosensitive

structures, late development of secondary brain tumours and

cardiovascular accidents should be considered when radiotherapy

is used. In our centre, all patients are discussed in the pituitary

multidisciplinary meeting to assess the need for surgery with

careful consideration of using radiotherapy. We currently deploy

proton beam therapy to treat children and young adults up to

their 25th birthday to reduce the late effects of radiation.

Surgery is very effective in relieving compressive visual

symptoms, with 90% of patients having normal or improved

symptoms after presenting with a visual deficit with an extremely

low incidence of neuro-ophthalmic deterioration, as

demonstrated in this series. This is keeping with the literature

(42–44). Radiation-induced optic neuropathy is a rare

complication of pituitary adenoma irradiation (8, 45); none were

reported in this cohort.
Strengths and limitations

This study was based on a retrospective review of medical

records. Therefore, it is liable to retrospective study weaknesses,

including data loss and selection bias. In particular, a large

number of patients’ immediate post-operative imaging were

reported at the time as demonstrating residual sellar tissue of

uncertain significance. Our post-hoc decision to group residual

sellar tissue of uncertain significance with complete resection will

have impacted the interpretation of results. In addition, the study

included gonadotropin expressing and pleurihormonal adenomas

and not the whole spectrum of NFPMs. In this cohort, P53 was

not assessed routinely in all patients; therefore, the five-tiered
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prognostic classification of pituitary adenomas can not be applied

in this study. Nevertheless, this study included a large cohort of

patients with NFPMs with a long follow-up duration with

generalisable findings. It demonstrates the natural course of

NFPMs following surgery and radiotherapy, as well as

establishing potential clinical and radiological factors to develop

neuroimaging follow-up strategy.
Conclusions

We demonstrated that NFPMs recurrence and regrowth are

common following surgery. Age, cavernous sinus invasion, and

corresponding partial resection are significant risk factors for

disease progression and might be helpful variables in proposing

long-term radiological surveillance. Radiotherapy is very effective

in managing regrowth of tumour remnant, but the risk of

complications should be considered. Based on our study findings,

we propose a follow-up strategy that stratifies patients at “low

risk” if there is no residual adenoma, with increasing scan

intervals, or at “high risk” if there is a residual disease, with

annual scans for at least five years and possible extended lifelong

surveillance (Figure 4).
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Materials, further inquiries can be

directed to the corresponding author/s.
Frontiers in Surgery 09
Ethics statement

The studies involving human participants were reviewed and

approved by Westminster Research Ethics Committee. Written

informed consent for participation was not required for this

study in accordance with the national legislation and the

institutional requirements.
Author contributions

ZH collected, analysed the data and wrote up the manuscript.

All authors, particularly SB and HM, provided critical review and

helped shape the research, analysis and manuscript. All authors

contributed to the article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Asa SL, Mete O, Perry A, Osamura RY. Overview of the 2022 WHO classification
of pituitary tumors. Endocr Pathol. (2022) 33(1):6–26. doi: 10.1007/s12022-022-
09703-7

2. Chaidarun SS, Klibanski A. Gonadotropinomas. Semin Reprod Med. (2002) 20
(4):339–48. doi: 10.1055/s-2002-36708

3. Das B, Batool S, Khoja A, Islam N. Presentation, management, and outcomes of
nonfunctioning pituitary adenomas: an experience from a developing country. Cureus.
(2019) 11(9):e5759. doi: 10.7759/CUREUS.5759

4. Drummond JB, Antônio Ribeiro-Oliveira J, Soares BS. Non-functioning pituitary
adenomas. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext
[Internet]. South Dartmouth (MA): MDText.com, Inc. (2000). Available at: https://
www.ncbi.nlm.nih.gov/books/NBK534880/

5. Chen Y, Wang CD, Su ZP, Chen YX, Cai L, Zhuge QC, et al. Natural history of
postoperative nonfunctioning pituitary adenomas: a systematic review and meta-
analysis. (2012) 96(4):333–42. doi: 10.1159/000339823

6. Snyder PJ. Gonadotroph cell pituitary adenomas. Endocrinol Metab Clin North
Am. (1987) 16(3):755–64. PMID: 3319601

7. Nomikos P, Ladar C, Fahlbusch R, Buchfelder M. Impact of primary surgery
on pituitary function in patients with non-functioning pituitary adenomas—a
study on 721 patients. Acta Neurochir. (2004) 146(1):27–35. doi: 10.1007/s00701-
003-0174-3

8. Chanson P, Dormoy A, Dekkers OM. Use of radiotherapy after pituitary surgery
for non-functioning pituitary adenomas. Eur J Endocrinol. (2019) 181(1):D1–D13.
doi: 10.1530/EJE-19-0058
9. Esposito D, Olsson DS, Ragnarsson O, Buchfelder M, Skoglund T, Johannsson G.
Non-functioning pituitary adenomas: indications for pituitary surgery and post-
surgical management. Pituitary. (2019) 22(4):422. doi: 10.1007/s11102-019-00960-0

10. Lucas JW, Bodach ME, Tumialan LM, Oyesiku NM, Patil CG, Litvack Z, et al.
Congress of neurological surgeons systematic review and evidence-based guideline on
primary management of patients with nonfunctioning pituitary adenomas.
Neurosurgery. (2016) 79(4):E533–5. doi: 10.1227/NEU.0000000000001389

11. Roelfsema F, Biermasz NR, Pereira AM. Clinical factors involved in the
recurrence of pituitary adenomas after surgical remission: a structured review and
meta-analysis. Pituitary. (2012) 15(1):71–83. doi: 10.1007/s11102-011-0347-7

12. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.
The strengthening the reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Lancet. (2007) 370
(9596):1453–7. doi: 10.1016/S0140-6736(07)61602-X

13. Davies BM, Carr E, Soh C, Gnanalingham KK. Assessing size of pituitary
adenomas: a comparison of qualitative and quantitative methods on MR. Acta
Neurochir. (2016) 158(4):677–83. doi: 10.1007/s00701-015-2699-7

14. Lüdecke DK, Buchfelder M, Fahlbusch R, Quabbe HJ, Petersenn S, Saeger W.
Pathohistological classification of pituitary tumors: 10 years of experience with the
German pituitary tumor registry. Eur J Endocrinol. (2007) 156(2):203–16. doi: 10.
1530/eje.1.02326

15. Trouillas J, Roy P, Sturm N, Dantony E, Cortet-Rudelli C, Viennet G. A new
prognostic clinicopathological classification of pituitary adenomas: a multicentric
case-control study of 410 patients with 8 years post-operative follow-up. Acta
Neuropathol. (2013) 126(1):123–35. doi: 10.1007/s00401-013-1084-y
frontiersin.org

https://doi.org/10.1007/s12022-022-09703-7
https://doi.org/10.1007/s12022-022-09703-7
https://doi.org/10.1055/s-2002-36708
https://doi.org/10.7759/CUREUS.5759
https://www.ncbi.nlm.nih.gov/books/NBK534880/
https://www.ncbi.nlm.nih.gov/books/NBK534880/
https://doi.org/10.1159/000339823
https://doi.org/10.1007/s00701-003-0174-3
https://doi.org/10.1007/s00701-003-0174-3
https://doi.org/10.1530/EJE-19-0058
https://doi.org/10.1007/s11102-019-00960-0
https://doi.org/10.1227/NEU.0000000000001389
https://doi.org/10.1007/s11102-011-0347-7
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1007/s00701-015-2699-7
https://doi.org/10.1530/eje.1.02326
https://doi.org/10.1530/eje.1.02326
https://doi.org/10.1007/s00401-013-1084-y
https://doi.org/10.3389/fsurg.2023.1129387
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Hussein et al. 10.3389/fsurg.2023.1129387
16. Manojlovic-Gacic E, Engström BE, Casar-Borota O. Histopathological
classification of non-functioning pituitary neuroendocrine tumors. Pituitary. (2018)
21(2):119–29. doi: 10.1007/s11102-017-0855-1

17. Lyu W, Fei X, Chen C, Tang Y. Nomogram predictive model of post-operative
recurrence in non-functioning pituitary adenoma. Gland Surg. (2021) 10(2):807.
doi: 10.21037/gs-21-47

18. O’Sullivan EP, Woods C, Glynn N, Behan LA, Crowley R, O’Kelly P, et al. The
natural history of surgically treated but radiotherapy-naïve nonfunctioning pituitary
adenomas. Clin Endocrinol. (2009) 71(5):709–14. doi: 10.1111/j.1365-2265.2009.
03583.x

19. Reddy R, Cudlip S, Byrne J V, Karavitaki N, Wass JAH. Can we ever stop
imaging in surgically treated and radiotherapy-naive patients with non-functioning
pituitary adenoma? Eur J Endocrinol. (2011) 165(5):739–44. doi: 10.1530/EJE-11-0566

20. Yao X, Zhang Y, Wu L, Cheng R, Li C, Qu C, et al. Immunohistochemical study
of NR2C2, BTG2, TBX19, and CDK2 expression in 31 paired primary/recurrent
nonfunctioning pituitary adenomas. Int J Endocrinol. (2019) 2019:5731639. doi: 10.
1155/2019/5731639

21. Batista RL, Trarbach EB, Marques MD, Cescato VA, da Silva GO, Herkenhoff
CGB, et al. Nonfunctioning pituitary adenoma recurrence and its relationship with
sex, size, and hormonal immunohistochemical profile. World Neurosurg. (2018)
120:e241–6. doi: 10.1016/j.wneu.2018.08.043

22. Dubois S, Guyétant S, Menei P, Rodien P, Illouz F, Vielle B, et al. Relevance of
Ki-67 and prognostic factors for recurrence/progression of gonadotropic adenomas
after first surgery. Eur J Endocrinol. (2007) 157(2):141–7. doi: 10.1530/EJE-07-0099

23. Guiot G, Thibaut B, Bourreau M. Extirpation of hypophyseal adenomas by
trans-septal and trans-sphenoidal approaches. Ann Otolaryngol. (1959) 76:1017–31.
doi: 10.1055/s-0028-1095527

24. Jankowski R, Auque J, Simon C, Marchal JC, Hepner H, Wayoff M. How i do it:
head and neck and plastic surgery: endoscopic pituitary tumor surgery. Laryngoscope.
(1992) 102(2):198–202. doi: 10.1288/00005537-199202000-00016

25. Cheng RX, Tian HL, Gao WW, Li ZQ. A comparison between endoscopic trans-
sphenoidal surgery and traditional trans-sphenoidal microsurgery for functioning
pituitary adenomas. J Int Med Res. (2011) 39(5):1985–93. doi: 10.1177/
147323001103900545

26. Guo S, Wang Z, Kang X, Xin W, Li X. A meta-analysis of endoscopic vs.
Microscopic transsphenoidal surgery for non-functioning and functioning pituitary
adenomas: comparisons of efficacy and safety. Front Neurol. (2021) 12:352. doi: 10.
3389/fneur.2021.614382

27. Messerer M, de Battista JC, Raverot G, Kassis S, Dubourg J, Lapras V, et al.
Evidence of improved surgical outcome following endoscopy for nonfunctioning
pituitary adenoma removal: personal experience and review of the literature.
Neurosurg Focus. (2011) 30(4):1–9. doi: 10.3171/2011.1.FOCUS10308

28. Jane JA Jr, Catalino MP, Laws ER Jr. Surgical Treatment of Pituitary Adenomas.
In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South
Dartmouth (MA): MDText.com, Inc. (2000). Available at: https://www.ncbi.nlm.nih.
gov/books/NBK278983/

29. Berkmann S, Schlaffer S, Nimsky C, Fahlbusch R, Buchfelder M. Follow-up and
long-term outcome of nonfunctioning pituitary adenoma operated by transsphenoidal
surgery with intraoperative high-field magnetic resonance imaging. Acta Neurochir.
(2014) 156(12):2233–43. doi: 10.1007/s00701-014-2210-x

30. Nimsky C, Von Keller B, Ganslandt O, Fahlbusch R. Intraoperative high-field
magnetic resonance imaging in transsphenoidal surgery of hormonally inactive
pituitary macroadenomas. Neurosurgery. (2006) 59(1):105–13. doi: 10.1227/01.neu.
0000243289.98791.05
Frontiers in Surgery 10
31. Buchfelder M, Schlaffer SM, Zhao Y. The optimal surgical techniques for
pituitary tumors. Best Pract Res Clin Endocrinol Metab. (2019) 33(2):101299.
doi: 10.1016/j.beem.2019.101299

32. Hasanov R, Aydoğan Bİ, Kiremitçi S, Erden E, Güllü S. The prognostic roles of
the Ki-67 proliferation Index, P53 expression, mitotic index, and radiological tumor
invasion in pituitary adenomas. Endocr Pathol. (2019) 30(1):49–55. doi: 10.1007/
s12022-018-9563-2

33. de Aguiar PH, Aires R, Laws ER, Isolan GR, Logullo A, Patil C, et al. Labeling
index in pituitary adenomas evaluated by means of MIB-1: is there a prognostic role?
A critical review. Neurol Res. (2010) 32(10):1060–71. doi: 10.1179/
016164110X12670144737855

34. Il PK, Kim SH, Song SH, Choi SW, Koh HS, Youm JY, et al. Clinical significance
of Ki-67 labeling index in pituitary macroadenoma. J Korean Med Sci. (2005) 20
(3):489. doi: 10.3346/jkms.2005.20.3.489

35. Trouillas J, Jaffrain-Rea ML, Vasiljevic A, Raverot G, Roncaroli F, Villa CC. How
to classify pituitary neuroendocrine tumors (PitNET)s in 2020. Cancers. (2020) 12
(2):514. doi: 10.3390/cancers12020514

36. Mastronardi L, Guiducci A, Spera C, Puzzilli F, Liberati F, Maira G. Ki-67
labelling index and invasiveness among anterior pituitary adenomas: analysis of 103
cases using the MIB-1 monoclonal antibody. J Clin Pathol. (1999) 52(2):107.
doi: 10.1136/jcp.52.2.107

37. Jaffrain-Rea ML, Di Stefano D, Minniti G, Esposito V, Bultrini A, Ferretti E,
et al. A critical reappraisal of MIB-1 labelling index significance in a large series of
pituitary tumours: secreting versus non-secreting adenomas. Endocr Relat Cancer.
(2002) 9(2):103–13. doi: 10.1677/erc.0.0090103

38. Yonezawa K, Tamaki N, Kokunai T. Clinical features and growth fractions of
pituitary adenomas. Surg Neurol. (1997) 48(5):494–500. doi: 10.1016/S0090-3019
(97)00102-X

39. Honegger J, Prettin C, Feuerhake F, Petrick M, Schulte-Mönting J, Reincke M.
Expression of Ki-67 antigen in nonfunctioning pituitary adenomas: correlation with
growth velocity and invasiveness. J Neurosurg. (2003) 99(4):674–9. doi: 10.3171/jns.
2003.99.4.0674

40. Chiloiro S, Doglietto F, Trapasso B, Iacovazzo D, Giampietro A, Di Nardo F,
et al. Typical and atypical pituitary adenomas: a single-center analysis of outcome
and prognosis. Neuroendocrinology. (2015) 101(2):143–50. doi: 10.1159/000375448

41. Chang EF, Zada G, Kim S, Lamborn KR, Quinones-Hinojosa A, Tyrrell JB, et al.
Long-term recurrence and mortality after surgery and adjuvant radiotherapy for
nonfunctional pituitary adenomas. J Neurosurg. (2008) 108(4):736–45. doi: 10.3171/
JNS/2008/108/4/0736

42. Cury MdA, Fernandes JC, Machado HR, Elias LL, Moreira AC, de Castro M.
Non-functioning pituitary adenomas: clinical feature, laboratorial and imaging
assessment, therapeutic management and outcome. Arq Bras Endocrinol Metabol.
(2009) 53(1):31–9. doi: 10.1590/S0004-27302009000100006

43. Dutta P, Gyurmey T, Bansal R, Pathak A, Dhandapani S, Rai A, et al. Visual
outcome in 2000 eyes following microscopic transsphenoidal surgery for pituitary
adenomas: protracted blindness should not be a deterrent. Neurol India. (2016) 64
(6):1247. doi: 10.4103/0028-3886.193829

44. Okamoto Y, Okamoto F, Yamada S, Honda M, Hiraoka T, Oshika T. Vision-
related quality of life after transsphenoidal surgery for pituitary adenoma. Invest
Ophthalmol Vis Sci. (2010) 51(7):3405–10. doi: 10.1167/iovs.09-3763

45. Tsang RW, Brierley JD, Panzarella T, Gospodarowicz MK, Sutcliffe SB, Simpson
WJ. Radiation therapy for pituitary adenoma: treatment outcome and prognostic
factors. Int J Radiat Oncol Biol Phys. (1994) 30(3):557–65. doi: 10.1016/0360-3016
(92)90941-A
frontiersin.org

https://doi.org/10.1007/s11102-017-0855-1
https://doi.org/10.21037/gs-21-47
https://doi.org/10.1111/j.1365-2265.2009.03583.x
https://doi.org/10.1111/j.1365-2265.2009.03583.x
https://doi.org/10.1530/EJE-11-0566
https://doi.org/10.1155/2019/5731639
https://doi.org/10.1155/2019/5731639
https://doi.org/10.1016/j.wneu.2018.08.043
https://doi.org/10.1530/EJE-07-0099
https://doi.org/10.1055/s-0028-1095527
https://doi.org/10.1288/00005537-199202000-00016
https://doi.org/10.1177/147323001103900545
https://doi.org/10.1177/147323001103900545
https://doi.org/10.3389/fneur.2021.614382
https://doi.org/10.3389/fneur.2021.614382
https://doi.org/10.3171/2011.1.FOCUS10308
https://www.ncbi.nlm.nih.gov/books/NBK278983/
https://www.ncbi.nlm.nih.gov/books/NBK278983/
https://doi.org/10.1007/s00701-014-2210-x
https://doi.org/10.1227/01.neu.0000243289.98791.05
https://doi.org/10.1227/01.neu.0000243289.98791.05
https://doi.org/10.1016/j.beem.2019.101299
https://doi.org/10.1007/s12022-018-9563-2
https://doi.org/10.1007/s12022-018-9563-2
https://doi.org/10.1179/016164110X12670144737855
https://doi.org/10.1179/016164110X12670144737855
https://doi.org/10.3346/jkms.2005.20.3.489
https://doi.org/10.3390/cancers12020514
https://doi.org/10.1136/jcp.52.2.107
https://doi.org/10.1677/erc.0.0090103
https://doi.org/10.1016/S0090-3019(97)00102-X
https://doi.org/10.1016/S0090-3019(97)00102-X
https://doi.org/10.3171/jns.2003.99.4.0674
https://doi.org/10.3171/jns.2003.99.4.0674
https://doi.org/10.1159/000375448
https://doi.org/10.3171/JNS/2008/108/4/0736
https://doi.org/10.3171/JNS/2008/108/4/0736
https://doi.org/10.1590/S0004-27302009000100006
https://doi.org/10.4103/0028-3886.193829
https://doi.org/10.1167/iovs.09-3763
https://doi.org/10.1016/0360-3016(92)90941-A
https://doi.org/10.1016/0360-3016(92)90941-A
https://doi.org/10.3389/fsurg.2023.1129387
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Non-functioning pituitary macroadenoma following surgery: long-term outcomes and development of an optimal follow-up strategy
	Introduction
	Methods
	Data collection
	Statistical analysis
	Results
	Patients' characteristics, clinical and radiological features at presentation
	Surgical management of NFPMs
	Histological data
	Radiotherapy
	Visual outcome

	Discussion
	Principal findings
	Comparison with other studies

	Strengths and limitations
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


