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ABSTRACT
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Recurrent non-functioning pituitary adenomas (NFPAs) pose a difficult challenge
to neurosurgeons. NFPAs do not secrete hormones and thus symptoms usually
manifest later in the disease process when the adenoma has reached a sufficient size
as to cause mass effect on neighbouring bodies. Treatment of pituitary adenoma
is commonly surgical with a transnasal, transsphenoidal approach. Growth of the
NFPA into adjacent structures can add to the challenge of surgical resection and thus
resection of NFPAs is sometimes incomplete. This often leads to recurrence and
necessitates further treatment. A variety of treatment strategies may be employed to
design an optimal treatment algorithm, and often a combination of these may be used
depending on the size and location of the adenoma and age of the patient. This paper
aims to present the evidence for each treatment strategy and to guide what the optimal
treatment of NFPA may be, faced with the variety of outcomes that may arise from
initial treatment.
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INTRODUCTION
Recurrent non-functioning pituitary adenomas (RNFPAs) pose
a difficult challenge to neurosurgeons. NFPAs do not secrete
hormones, although they may be immunohistochemically positive,
therefore patients usually manifest symptoms later in the disease
process when the adenoma has reached a sufficient size as to cause
mass effect on neighbouring bodies. (1, 2) Common presentations
include headache, visual disturbance from compression of the optic
apparatus, hypopituitarism from disturbance of the pituitary stalk,
and more rarely cranial nerve compression from invasion into the
cavernous sinus.
Treatment of pituitary adenoma is commonly surgical with a
transnasal, transsphenoidal approach. Growth of the NFPA into
adjacent structures can add to the challenge of surgical resection.
Extension into the cavernous sinus may cause the adenoma to
envelope the internal carotid artery – for instance. This would
present a serious hazard for the surgeon, and thus resection of
NFPAs is sometimes incomplete. A study by Lillehei et al. showed
that 14% of resections of NFPA were sub-total, with 6% of the
total number recurring at 5 years. (3) Another study by Young et
al. reported on 100 NFPAs - 90% of which reported gross total
resection – but 42% of which showed residual/recurrent tumour
at 5 years follow-up. (4) Furthermore, suprasellar extension often
presents a challenge as it leaves a portion of adenoma inaccessible
from the transsphenoidal corridor. All of these factors make
recurrence of the tumour more likely and thus may necessitate
further treatment.
A variety of treatment strategies may be employed to design an
optimal treatment algorithm, and often a combination of these –
including endoscopic resection and radiotherapeutic means – may
be used depending on the size and location of the adenoma and
age of the patient. This paper aims to present the evidence for each
treatment strategy and to guide the optimal treatment of NFPA on
a case-to-case basis, including after disease recurrence. Although
definite treatment strategies will be discussed, a “watch-and-wait”
approach is often taken due to the relatively asymptomatic nature
of the early stages of disease. The author of this paper conducted
a literature review of all available data until January 2020. More
details on the exact methodology of this search can be found as
Appendix 1.
BACKGROUND AND HISTOLOGY
Pituitary adenomas are an important and common type of
intracranial neoplasm, representing between 10-20% of all cases in
adults. (1, 2) Treatment is commonly surgical for non-functioning
and functioning adenomas alike, whilst prolactinomas are
commonly treated medically. The advancement of the endoscopic
technique has shown a strong emphasis put on this method as the
mainstay of surgical treatment, although other techniques remain
useful in certain situations. Treatment is sometimes accompanied
by radiation therapy and in some occasions radiation therapy is the
main treatment of choice.

NFPAs represent a group of tumours that do not manifest with
endocrine symptoms due to hypersecretion of hormones. However,
evidence has shown that the cells that make up these tumours do
express, immunohistochemically, anterior pituitary hormones. (5)
This evidence has contributed to recent attempts to rename NFPAs
to non-functioning pituitary neuroendocrine tumours (NFPitNETs). (6)
NFPAs can now be further distinguished by their transcription
factor profile and by the pituitary hormone that they
immunohistochemically express. The term null-cell adenoma
has previously been used to refer to NFPAs but, with the use of
this new classification, null-cell adenomas hold only a very small
and rare profile. Cell lineages include somatotroph, lactotroph,
thyrotroph, corticotroph and gonadotroph lineage, each with
distinct hormone straining characteristics and transcription factors.
Null cell adenomas, therefore, are exclusively those which show
neither hormone staining nor transcription factors. Recent evidence
has suggested that among NFPAs, gonadotroph adenomas make up
73% of all cases. (7)
A few papers have been published showing treatment results of
groups of patients taking into account their immunohistochemical
classification. This is an up-and-coming area of research and may
improve treatment for NFPAs. (8, 9)
REPEAT SURGICAL RESECTION
Surgical resection is the first-line modality of treatment for NFPA,
however, this does not necessarily dictate that it should be so for
recurrent cases. With papers reporting recurrence rates between
44-75% at 10 years follow-up (10) it is of utmost importance to
determine whether this modality is effective for recurrent NFPA.
Advancement of surgical techniques and technology, such as
intraoperative MRI and intraoperative identification of the optic
nerve, have been shown to improve surgical outcomes. (11)
Analysis of recurrence rates identified various factors that showed
to have an impact on treatment outcome. Factors that augured a
higher chance of recurrence included large tumour remnant and
invasion into the adjacent cavernous sinus. On the other hand,
good augurs of tumour control were identified to be small tumour
remnant and old age. (10)
A study by Cavallo et al. reported on 59 patients who underwent
repeat transsphenoidal surgery (TSS) endoscopically for recurrent
NFPA. (12) 62% of the cases showed gross total resection on
post-operative imaging. The study identified that patients who had
previously undergone microsurgical rather than endoscopic TSS
were more likely to achieve gross total resection, whereas patients
who had already undergone endoscopic TSS portended to lower
rates of total resection post-operatively.
Another larger study by Chang et al. reported lower gross total
resection rates of 40% but did not distinguish as clearly between
microsurgical and endoscopic approaches. (13) It similarly
identified suprasellar extension and cavernous sinus invasion to be
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a bad prognostic marker for total resection outcomes. This study
did, however, highlight a rigorous breakdown of complication
rates, with visual deterioration being experienced in 5% of
cases, transient diabetes insipidus (DI) in 4.9%, permanent DI in
1.2%, postoperative hematoma in 2.5%, meningitis in 2.5% and
perioperative mortality in 1.2%.
Literature has also been published discussing different surgical
approaches, be they microscopic or endoscopic. Some surgeons
have described approaches, such as interhemispheric or sub frontal,
for accessing NFPA that have invaded into adjacent structures.
(12, 14) However, the evidence suggests that endoscopic TSS
brings shorter hospital stay, less patient discomfort and reduced
perioperative morbidity. (15) A study by the University of Virginia
group supported this, finding that 70% of patients undergoing
microsurgical resection had intraoperative lumbar drain placement,
compared to only 1.7% of patients who underwent endoscopic
resection. (15)
ADJUVANT RADIOTHERAPY POST-OPERATIVELY
Adjuvant radiotherapy may be used post-operatively, both in
the first surgical instance and in recurring cases. The timing of
radiotherapy is a highly debated subject. A study in northern Italy
studied tumour recurrence or regrowth in 226 patients who had
undergone treatment for NFPA. (16) Each patient was followedup for a minimum of 5 years. Patients were divided into three
categories - A: those who showed no radiological signs of tumour
residue post-operatively (n=73); B: those who showed signs of
postoperative tumour residue but did not undergo radiotherapy
(n=77); C: those who showed signs of postoperative tumour residue
and underwent radiotherapy. In group A, recurrence occurred in
14/73 patients (19.2%), after a mean period of 7.5 years; group B
showed tumour regrowth in 45/77 patients (58.4%) after a mean
period of 5.3 years; group C showed tumour regrowth in 14/76
patients (18.4%) after a mean period of 8.1 years. The choice of
radiotherapy in this study was stereotactic radiotherapy.
STEREOTACTIC RADIOSURGERY FOR RECURRING NFPA
Stereotactic radiosurgery (SRS) has been abundantly discussed in
pituitary literature. The mechanism by which it works is delivering
a very high dose of ionising radiation to a highly accurate point.
This is highly beneficial as it spares the surrounding structures
of radiation. Furthermore, it is usually delivered in a single dose.
Notwithstanding this, it can also be delivered in different sessions,
called fractionated radiotherapy (XRT). Stereotactic radiosurgery
and stereotactic radiotherapy differ in that stereotactic radiosurgery
is a single, high dose of radiation, as opposed to stereotactic
radiotherapy which uses lower fractionated doses of radiation
over several sessions. The term stereotactic refers to the frame and
technique used to administer these therapies, wherein the patient’s
head is clamped into a frame, which in turn is used to standardise
coordinates of the patient’s brain to be able to map the therapeutic
area.

Various factors may lead the clinician and patient towards deciding
which type of radiotherapy to undergo. Convenience is a strong
factor leading to choose SRS. Location of the adenoma is also a
factor which must be strongly considered in making this decision.
If the target is between 3-5mm from the optic pathway, SRS may
be contraindicated due to the risk of damaging the optic apparatus.
Large size of adenoma is also a contraindication for SRS, as it may
be too large to irradiate with a single dose. Therefore, appropriate
and detailed contouring of the adenoma is of utmost importance.
This can adopt the form of stereotactic MRI and/or CT.
There are various mechanisms of delivery of SRS. Gamma-knife
(GKS) is a frequently used mechanism that employs radioactive
isotope Cobalt-60. Linear accelerators are also widely used to
deliver SRS. These accelerate electrons and convert this energy
to high-energy X-rays, also called photons. Cyberknife is another
mechanism but can deliver both stereotactic and fractionated
radiotherapy. It also is a linear accelerator but is much smaller and is
mounted on a movable arm. This allows for higher patient comfort,
with greater mobility and flexibility of positioning. Finally, there
is proton-therapy, which employs high energy protons from a
cyclotron or synchrotron. The main benefit of this technique is
that it greatly reduces exposure of surrounding tissues to treatment,
therefore may be associated with fewer complications and sideeffects. Radiosurgery is image-guided and affords sub-millimetre
accuracy.
A case-control study by Picozzi et al. divided two sets of patients
with recurrent NFPA into: G1 - observation (n=68) and G2 receive GKS (n=51). (17) This showed that progression-free survival
was achieved in 51.1% of patients who were observed for an average
of 41.6 months, compared to progression-free survival of 89.8%
of those who received GKS and were followed-up for an average
of 40.6 months. In a larger study by Sheehan et al. in 2013, 512
patients who had undergone Gamma-knife surgery for recurrent
NFPA were studied. (18) They were followed up for 36 months and
showed a tumour control rate of 93.4%. Progressive-free survival
was 98% (3 years), 95% (5 years), 91% (8 years) and 85% (10
years). It identified that patients with a smaller adenoma volume
had a favourable outcome, and conversely suprasellar extension was
found to be an unfavourable factor. 21% of patients suffered from
hypopituitarism post-operatively, and 9% showed new cranial
nerve deficits.
A study by Wilson et al. observed patients who had undergone
treatment for recurrent NFPA in the form of SRS, fractioned
stereotactic radiation therapy (FSRT) and conformal radiotherapy
(CRT). (19) Those who underwent SRS (n=51) showed 100%
progressive-free survival at 5 years, compared to those who
underwent FRST (n=67) and CRT (n=53), with 93% and 87%
progression-free survival respectively. A review by the Congress
of Neurological Surgeons (CNS) reviewed all available studies on
SRS for NFPA, in which it identified 24 independent studies which
showed tumour control from 83% to 100%. (10)
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FRACTIONATED RADIATION THERAPY
Conventional radiation therapy (RT) has been used for decades in
the treatment of recurrent NFPA and has been the subject of much
scientific research. Earlier models of RT used four-field techniques,
whereas in the past ten years the emergence of more advanced,
three-dimensional conformal RT, as well as intensity-modulated
techniques, have predominated. Radiation therapy for NFPA is
fractionated, delivering 45-54 Gy in total over 5-6 weeks, five days
a week. Each fraction, therefore, approximates to around 1.8-2 Gy
per day. Fractionated radiation therapy itself has several subtypes
which include conventional fractionated radiation therapy (XRT),
intensity-modulated radiation therapy (IMRT) and stereotactic
radiation therapy (SRT).
A study by Chang et al. described 663 patients treated with RT for
recurrent NFPA. (20) Each one was followed-up for 101 months.
Tumour control was achieved in 90.3%, and progression-free
survival was achieved in 93%, 87%, 81% at 5, 10 and 15 years
respectively. This study also found cavernous sinus invasion and
subtotal previous resection to be unfavourable factors. Another
study by Losa et al. grouped patients into 3 groups: G1 – showed no
tumour on postoperative imaging (n=279), G2 – showed residual
tumour on postoperative imaging but did not undergo RT (n=76)
and G3 – showed residual tumour and underwent RT (n=81). The
study found that progression-free survival was achieved in 87.1% of
G1, 39.2% of G2 and 100% of G3. (21)
Figure 1:
Proposed algorithm for the management of recurrent non-functioning
pituitary adenomas.

Breen et al. reported on a cohort of 120 patients who had
undergone XRT for recurrent NFPA, and progression-free
survival was reported to be 87.5%, 77.6% and 64.7% at 10, 20
and 30 years after XRT, accordingly. (22) This large study also
described the complications of the procedure and announced
0.8% developed optic and oculomotor neuropathy, whilst 1.7%
developed radiation-induced neoplasms. Complications following
radiation therapy often manifested as post-operative side-effects,
namely nausea and vomiting, which were found to last between
1-2 months. However, the most common side effect of RT was
hypopituitarism, described as highly as in 88% of cases in one study
by Langsenlehner. (23) On average, tumour control following XRT
or SRT was between 74% to 100% in 20 studies available.
SUMMARY AND CONCLUSION
Each treatment modality discussed has a role in the treatment of
RNFPA. The indications for each modality are varied and often
made on a case-by-case basis, dictated often by the anatomy of the
patient and the nature of the tumour. However, a summary of the
possible scenarios has been designed to summarise the above points.
Analysis of all available data has been useful to highlight that
recurrent NFPA responds to different treatment strategies. Large
remaining tumour size and invasion into adjacent structures, such
as the cavernous sinus, have been shown to increase the chance of
recurrence of NFPA. On the other hand, small tumour remnant
size and old age have both been associated with a smaller chance of
recurrence. As highlighted before, studies have highlighted that 4060% of patients undergoing repeat resection for recurrent NFPA
achieve Progression-free Survival (PFS). (10-14)
Evidence suggests there is a higher chance of achieving PFS via
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endoscopic transsphenoidal surgery if the first attempted resection
was microsurgical. (12) Conversely, repeating endoscopic
transsphenoidal surgery is associated with a lower chance of
total resection. Endoscopic transsphenoidal resection for NFPA,
however, has lower associated complications and perioperative
morbidity. It is also important to highlight the importance of
adjuvant perioperative radiation therapy. Adjuvant RT in patients
with clear postoperative tumour remnant was shown to decrease
tumour recurrence by 40% in one study. (16)
Stereotactic radiosurgery has also been shown to be effective in
the treatment of recurrent NFPA. One study saw PFS achieved in
almost 90% of patients treated, compared to 50% of the controlled,
observed group. (17) It has been shown to be particularly effective
in small tumour remnants. Larger tumour size and invasion into
the cavernous sinus have been shown to diminish the effectiveness
of SRS, on the other hand. Although the risks of radiation to the
body in SRS are lesser, they are not non-existent: due to its high
intensity of radiation in a specific spot, it is contraindicated if the
irradiation aim is close to the optic apparatus. Hypopituitarism has
also been described in frequencies of 0-40%. Cranial nerve deficits
are rare but must be considered, described in 0-13% of patients in
different studies. (10, 17-19)
Finally, conventional radiation therapy has been shown to be highly
effective in treating NFPA. In one study, it achieved almost 60%
more PFS when given RT after post-operative imaging revealed
tumour remnant, compared to those in whom tumour remnant
was also detected but were not administered RT. (21) However,
as many as 88% of patients have been described to develop
postoperative hypopituitarism. It has also been associated with
radiation-associated neoplasms, described in 1-2% of all cases. (22)
As a closing statement: although above has discussed what is the
best treatment method to employ, very often the “watch-and-wait”
method is the method elected. The indications for employing this
option are varied and non-specific; often it is simply the clinician’s
clinical judgement which makes this decision. Evidence of tumour
remnant in a very elderly patient would not necessarily require
action, which would often bring much more morbidity and worry
to the patient than the small tumour remnant could do in the next
ten years. Therefore, a case-by-case approach, based on strong
dialogue between patient and surgeon is often the most effective
treatment algorithm.
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APPENDIX

The author collaborated with a librarian at the University Hospital Bristol Education
Centre to conduct the literature search. The author and librarian searched PubMed
using previously published search strategies to concrete the relevant literature. Below
is the employed search strategy:
1. Pituitary Neoplasms [Mesh] OR Adenoma [Mesh] OR Adenoma, Chromophobe
[Mesh
2. Microadenoma*[Title/Abstract] OR adenoma*[Title/Abstract] OR
macroadenoma*[Title/Abstract] OR incidentaloma*[Title/Abstract] OR
chromophobe*[Title/Abstract] OR transsphenoidal*[Title/Abstract])
3. Ppituitary[Title/Abstract] OR hypophyse*[Title/Abstract] OR sellar[Title/
Abstract] OR transsphenoidal[Title/Abstract])
4. #1 OR (#2 AND #3)
5. Residual[Title/Abstract] OR recurr*[Title/Abstract])
6. #4 AND #5
7. NOT Comment[pt] NOT Letter[pt] Limit to English, Humans, publication date
to 01/01/2020
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