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ABSTRACT

The reconceptualisation of pituitary adenomas as Pituitary Neuroendocrine Tumours (PitNETSs) within the 2022 World
Health Organization (WHO) classification constitutes an epistemological rupture, a semantic recalibration, and a
translational provocation in the landscape of endocrine oncology [1]. What had long been regarded as indolent
adenohypophyseal proliferations—benign by nomenclature, trivialised in comparative oncology—has now been
repositioned within the wider neuroendocrine neoplastic continuum, aligning pituitary lesions with the lexicon of
pancreatic, pulmonary, and gastroenteropancreatic neuroendocrine tumours [2]. This revision, far from being a superficial
terminological manoeuvre, is an ontological reorientation that privileges transcription factor—based lineage fidelity (PIT1,
TPIT, SF1, and ancillary GATA3/ERa) over the obsolete secretory-phenotype paradigm [3,4].

Keywords: Pituitary Neuroendocrine Tumors, PitNET, WHO 2022 classification, transcription factor immunophenotyping,
PITI, TPIT, SF1, DNA methylation, molecular taxonomy, epigenetics, DNA Methylation , aggressive pituitary tumors,
silent corticotroph
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1. INTRODUCTION

Pituitary tumours have historically resided in a liminal zone within oncology: neither fully malignant, nor entirely
negligible. For decades, the term adenoma was deployed with a veneer of benign reassurance, masking the clinical reality
that a substantial minority of these neoplasms exhibit invasive growth, recurrence after ostensibly radical resection, and
refractoriness to multimodal therapy [1]. This benign semantic mantle was not only scientifically imprecise but also
clinically misleading, underestimating the potential morbidity and, in rare instances, mortality associated with these lesions

(2].

Aspect Older New Classification: Pituitary | Remarks / Pitfalls of Older
Classification: Neuroendocrine Tumor | Schema
Pituitary Adenoma | (PitNET)

Terminology “Adenoma” — | “Neuroendocrine Tumor” — | Term adenoma trivialized
implies benign, | emphasizes lineage and | the potential for aggressive
indolent lesion spectrum of behavior or recurrent disease

Basis of | Hormone secretion | Transcription factor—driven | Hormone immunostaining

Classification pattern (GH, PRL, | lineage (PIT1, TPIT, SF1) | often  equivocal, silent
ACTH, TSH, | with molecular/epigenetic | tumors misclassified
gonadotropins, or | augmentation
null cell)

Biological Weak correlation | Better correlation between | Old system often failed to

Fidelity between lineage  assignment and | identify aggressive subtypes
histological  type | clinical outcome (e.g., silent corticotrophs)
and behavior

Recognition  of | Lacked structured | Defines PitNET spectrum, | Many aggressive cases were

Aggression recognition of | including aggressive and rare | underestimated as “benign
“high-risk” or | carcinoma adenoma”
aggressive
adenomas

Alignment  with | Treated as unique, | Harmonized with | Old system isolated pituitary

Other Tumors outside the | neuroendocrine tumors of | tumors, ignoring shared
neuroendocrine pancreas, lung, gut biology
neoplasm family

Clinical Encouraged Promotes vigilance, risk- | Patients with aggressive

Implications complacency in | adaptive  follow-up, and | disease sometimes
follow-up due to | integration of molecular tests | undertreated due to
“benign” label misleading terminology

Diagnostic Equivocal hormone

Challenges IHC, poor
reproducibil

Table 1: Comparison of Pituitary Adenoma (Older) vs. PitNET (WHO 2022) Classifications
The present systematic review synthesises ten pivotal investigations interrogating the biological coherence, diagnostic
reproducibility, clinical utility, and molecular augmentation of this classification. The analysis reveals that transcription
factor immunophenotyping provides a more reliable predictor of biological aggressiveness and therapeutic refractoriness
than hormone immunohistochemistry alone, particularly in the delineation of silent corticotroph PitNETs, sparsely
granulated somatotroph tumours, and plurihormonal PIT1-lineage lesions [, Moreover, integrative multi-omics
frameworks—incorporating DNA  methylation landscapes, mutational signatures, and transcriptomic
cartographies,promise to refine or ultimately supplant the morpho-immunohistochemical foundation of the 2022 schema
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(78],

Yet, controversies persist. The invocation of “neuroendocrine” has provoked semantic and ontological disquiet, given the
overwhelmingly indolent trajectory of most PitNETs 1. Inter-laboratory reproducibility of transcription factor
immunohistochemistry remains variable, and the nosological positioning of plurimorphic or hybrid lineage tumours is
unresolved M9, Thus, while the PitNET framework amplifies prognostic granularity and biological fidelity, it
simultaneously imposes greater diagnostic sophistication and infrastructural burden, necessitating a nuanced appreciation
of both its strengths and limitations

The 2022 WHO classification undertook a radical reconceptualisation, recasting pituitary adenomas as Pituitary
Neuroendocrine Tumours (PitNETs) 1. This terminological recalibration was not an isolated manoeuvre but part of a
broader taxonomic philosophy that seeks biological coherence across organ systems. By situating pituitary lesions within
the neuroendocrine neoplasm continuum, the WHO harmonised pituitary nosology with that of the pancreas,
gastrointestinal tract, and lung, wherein the neuroendocrine designation has long been standardised .

Crucially, the shift extends beyond nomenclature. The 2022 schema displaces the obsolete hormone-based classification
in favour of transcription factor—driven lineage allocation: PIT1 for somatotroph, lactotroph, and thyrotroph lineages; TPIT
for corticotrophs; and SF1 for gonadotrophs [*!. Ancillary markers such as GATA3 and ERa are invoked in resolving
indeterminate phenotypes [, This framework is not only biologically consonant with embryologic pituitary development
but also correlates more intimately with tumour behaviour, invasiveness, and therapeutic resistance 7],
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Figure 1: This diagram contrasts the outdated hormone-based classification of pituitary adenomas with the 2022
WHO PitNET framework. It highlights the shift from secretion/size-based categories toward transcription factor—
defined lineages and molecular augmentation. The schema illustrates how diagnostic fidelity and prognostic
granularity are enhanced in the new taxonomy.

Nonetheless, this classificatory upheaval has engendered debate. Critics argue that the neuroendocrine designation implies
malignant potential incongruous with the overwhelmingly indolent nature of most PitNETs 1. Others highlight the
logistical challenges of implementing transcription factor immunohistochemistry universally, given variability in antibody
sensitivity, laboratory infrastructure, and interpretative expertise . Furthermore, plurimorphic tumours,expressing
multiple lineage markers or displaying hybrid phenotypes,remain taxonomically problematic, raising unresolved

ontological questions 1%,

This review interrogates these controversies by synthesising ten pivotal studies that collectively chart the epistemological,
diagnostic, and prognostic terrain of the PitNET classification.

2. METHODS

2.1: Literature Search Strategy

A systematic literature search was performed across PubMed, Scopus, and Embase databases (2018-2024). The following
MeSH and keyword combinations were employed: pituitary adenoma, pituitary neuroendocrine tumour, PitNET, WHO
2022 classification, transcription factor immunohistochemistry, PIT1, TPIT, SF1, DNA methylation, molecular
classification, and aggressive pituitary tumour. The search was restricted to English-language publications.

2.2: Inclusion and Exclusion Criteria
Eligibility Criteria
Studies were considered eligible for inclusion if they fulfilled the following conditions:

Direct evaluation of classification frameworks
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Explicitly assessed the WHO 2022 Pituitary Neuroendocrine Tumor (PitNET) classification or its immediate precursory
schemas.

Addressed the conceptual or diagnostic implications of transitioning from the adenoma paradigm to the neuroendocrine
tumor framework.

Correlation of taxonomy with clinical endpoints

Analysed associations between transcription factor—defined lineages (e.g., PIT1, TPIT, SF1) and clinically relevant
variables.

Explored implications for tumour behaviour, recurrence risk, prognosis, or patient outcome trajectories.
Integration of multi-modal correlates

Incorporated molecular signatures (e.g., mutational, transcriptomic, or methylation profiles) into classification or
prognostication.

Utilised immunohistochemical markers to refine lineage fidelity and diagnostic precision.

Included radiopathological or clinico-radiological correlations provided they were anchored in histopathological
confirmation.

Exclusion Criteria

Studies were excluded from synthesis if they met any of the following conditions:
Single-patient case reports lacking generalisable insights.

Purely radiological investigations that did not provide histopathological verification of findings.

Editorials, commentaries, or opinion pieces that did not contribute empirical or systematically derived data

2.3: Data Extraction and Synthesis

From an initial bibliographic yield of three hundred and fifty-four scholarly contributions, an iterative filtration cascade
was enacted, wherein forty-two manuscripts were adjudged sufficiently substantive to warrant retrieval in their entirety.
Subsequent to the rigorous imposition of predefined eligibility thresholds—encompassing methodological transparency,
diagnostic fidelity, and translational pertinence—a residual corpus of ten studies persisted as analytically viable for
integrative synthesis. These retained investigations represented a taxonomically diverse constellation of intellectual
artefacts, encompassing:

World Health Organization-sanctioned reference treatises and international consensus communiqués 3!

Multi-institutional clinicopathological consortia, harnessing broad-based cohorts and inter-institutional reproducibility
paradigms. [>7]

Methodological inquiries into the reproducibility and inter-observer constancy of transcription factor—based
immunophenotypic delineations. [

Probative dissections of indolent versus fulminant (so-called “silent” or “aggressive”) histomorphological sub-variants,
with their corollary prognostic nuances [*

Molecular and epigenetic classificatory frameworks, wherein transcriptional, methylomic, and chromatin-level
architectures were mobilized to refine ontological coherence 1],

Data extraction was meticulously orchestrated across a spectrum of variables, including but not limited to architectonic
study design, volumetric breadth of cohorts, operationalized classification schemas, outcome determinants, and inferential
conclusions, thereby ensuring both granularity and comprehensiveness of evidentiary capture.

2.4: Analytical Framework

Given the radical heterogeneity that inhered within the methodological architectures of the constituent studies,spanning
paradigms as disparate as molecular bioinformatics pipelines, histological consensus scoring, and cross-sectional
clinicopathological correlation,it became axiomatic that a quantitative meta-analytic amalgamation would be neither
epistemologically defensible nor statistically coherent. In lieu thereof, the present inquiry operationalized a narrative
systematic review framework, whose hermeneutic scaffolding was structured along four cardinal axes. These comprised:

The nomenclatural and ontological rationale, interrogating the philosophical and semantic logics underpinning evolving
taxonomic denominations.

The transcription factor immunophenotyping, elucidating both the reproducibility and the interpretative elasticity of
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immunohistochemical signatures.

The molecular augmentation, wherein genomic, transcriptomic, and epigenomic overlays were adduced to enhance
classificatory granularity.

The clinical and therapeutic implications, engaging the translational reverberations for patient stratification,
prognostication, and therapeutic alignment.

This quadripartite stratification thereby enabled a dialectical interrogation of the convergences and divergences manifest
across the evidentiary landscape, permitting not only a synthesis of consensus trajectories but also an exposition of
contested epistemic terrains wherein classificatory pluralism persists.

Records identified through database searching (n = 354)

Y
Records screened

(n = 354)
Records excluded Full-text articles assessed for eligibility
(n=312) (n=42)
Full-text articles excluded, with reasons Studies included in qualitative synthesis
(n = 32) (n=10)

Figure 2: PRISMA flow diagram illustrating study selection. From an initial yield of 354 articles identified
through systematic searching, 42 were retrieved and evaluated in full-text form. After applying predefined
eligibility criteria, 32 articles were excluded (14 for lack of direct PitNET focus, 10 due to insufficient extractable
data, S as case reports or narrative reviews, and 3 as methodological notes lacking clinical outcomes). Ultimately,
10 studies fulfilled inclusion criteria and were retained for qualitative synthesis.

3. RESULTS

3.1: Nomenclatural and Ontological Realignment

The semantic recalibration from “adenoma” to Pituitary Neuroendocrine Tumour (PitNET) was not an arbitrary lexical
manoeuvre but a deliberate ontological repositioning grounded in both developmental biology and comparative oncology
(11, The WHO 2022 editorial board argued that the adenoma terminology trivialised the malignant potential of a subset of
these lesions, thereby engendering both clinical complacency and nosological incongruity . PitNETs, unlike conventional
adenomas, were reconceptualised as tumours embedded within the broader neuroendocrine neoplastic spectrum, paralleling
the classification schema applied to pancreatic, pulmonary, and gastroenteropancreatic neuroendocrine tumours 51,

A pivotal WHO consensus study underscored that invasive sellar growth, cavernous sinus infiltration, and refractory
recurrence are not rare idiosyncrasies but recurrent phenomena in certain pituitary tumour subtypes, phenomena that
demanded terminological acknowledgement (1. The neuroendocrine designation was further justified by the expression of
lineage-specific transcription factors and the neuroendocrine morpho-phenotypic profile of pituitary cells, thereby
legitimizing their inclusion in the broader NET taxonomy ™I,

Nevertheless, the conceptual boldness of this reclassification has provoked semantic unease within neuropathological and
endocrinological circles. Critics contend that the term “neuroendocrine” implicitly conveys a malignant continuum
incongruous with the overwhelmingly indolent clinical trajectory of most PitNETs B, A French multicentre investigation
by Raverot et al. explored this tension, concluding that while the designation highlighted the biological diversity and
potential aggressiveness of pituitary tumours, it risked overmedicalising indolent lesions and generating undue patient
anxiety [©,

Thus, the nomenclatural reorientation, while scientifically defensible and ontologically coherent, remains contested in its
clinical pragmatics—a tension likely to persist until molecular prognosticators allow a more nuanced calibration of
aggressiveness within the PitNET spectrum.

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow pg. 299



Reframing Pituitary Neoplasia: A Systematic Appraisal Of The WHO 2022 PitNET Taxonomy

3.2: Transcription Factor Inmunophenotyping and Clinical Correlation

The cornerstone of the WHO 2022 PitNET schema is transcription factor—driven lineage allocation. This is predicated on
the recognition that embryological pituitary differentiation is orchestrated by a triad of lineage-defining transcription
factors: PIT1, TPIT, and SF1 Bl. Immunohistochemical detection of these factors enables tumours to be assigned to their
developmental lineage, transcending the limitations of hormone immunohistochemistry, which is often equivocal,
especially in clinically silent lesions ["],

A landmark multi-institutional cohort study by Yamada et al. (2021) demonstrated that transcription factor profiling
provided superior accuracy in tumour classification compared to traditional hormone-based methods ®l. In their series of
over 400 tumours, linecage assignment via PIT1, TPIT, and SF1 was successful in >95% of cases, whereas reliance on
hormone immunohistochemistry alone resulted in ambiguous categorisation in nearly 20%. Importantly, transcription
factor—based subtyping correlated more robustly with tumour behaviour: TPIT-positive silent corticotroph tumours
exhibited disproportionately aggressive trajectories, including earlier recurrence and resistance to resection [8].

Diagnostic Clarity: Hormone IHC vs Transcription Factor Typing

100

80
<
wn
4]
©
& 60
Y
o
)
o
jui
4
]
a.

20 |

0 Hormone IHC Transcription Factor
(Traditional) Typing (PIT1/TPIT/SF1)

Figure 3: The bar chart depicts the comparative diagnostic resolution achieved by transcription factor
immunophenotyping versus traditional hormone immunohistochemistry. Whereas hormone-based typing often
leaves 15-20% of tumours unclassified, transcription factor profiling enables >95% lineage assignment. This
visual underscores the improved reproducibility and clinical correlation of the new system.

Similarly, Mete and Lopes (2022) highlighted that PIT1-lineage plurihormonal tumours, particularly the sparsely
granulated somatotroph subtype, were clinically aggressive and exhibited a higher recurrence burden than their densely
granulated counterparts 2. This observation reinforced the prognostic value of transcription factor typing, beyond mere
lineage identification.

Another critical validation study by Lloyd et al. (2021) interrogated inter-laboratory reproducibility of transcription factor
immunohistochemistry [9]. While overall concordance was high, substantial variability was observed in SF1 and PIT1
staining intensity, attributed to antibody heterogeneity and interpretative subjectivity. This highlighted that although
transcription factor immunophenotyping is conceptually elegant, its pragmatic implementation across diverse laboratories
remains challenging, necessitating harmonisation of protocols and interpretative thresholds.
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Finally, the prognostic implications of transcription factor typing were underscored in a study by Chatzellis et al. (2019),
which focused on silent corticotroph tumours 1'%, These tumours, often misclassified under the adenoma schema, were
recontextualised within the TPIT-lineage framework, revealing their high recurrence risk, invasive propensity, and
resistance to conventional therapy. Their identification as PitNETs, corticotroph lineage, not only explained their
aggressive clinical behaviour but also reinforced the necessity of abandoning the complacent adenoma terminology.

Taken together, these studies converge upon a consensus: transcription factor immunophenotyping is not a mere
classificatory refinement but a prognostic imperative, furnishing a more accurate map of tumour biology and clinical
destiny than the obsolete adenoma construct.

3.3: Molecular and Epigenetic Augmentation

The immunophenotypic reification of lineage by transcription factors (PIT1/TPIT/SF1) constitutes a necessary but not
invariably sufficient axis for prognostic discrimination. Contemporary evidence marshals epigenomic and transcriptomic
stratifiers as orthogonal, and oftentimes superior, predictors of biologic behaviour. Three studies — an integrative multi-
omics exposition, a DNA methylation—based taxonomy, and a mutational/epigenetic correlation analysis — furnish the
empirical fulcrum for this contention.

Neou et al. performed a comprehensive integrative multi-omics analysis that fused mRNA expression, copy number
variation, and methylation profiling to derive biologically coherent PitNET clusters that transcended classical
histomorphology and hormone expression patterns [°l. Their approach illustrated that:

(1) discrete methylation-defined clusters correlate with distinct transcription factor lineages but also partition tumours
within a lineage into prognostically divergent subgroups

(il) a subset of tumours with ostensibly benign histology harboured transcriptional programmes characteristic of
proliferative and invasive phenotypes (upregulation of cell-cycle genes, epithelial-to-mesenchymal transition signatures,
and matrix-remodelling proteases)

(iii) integrative classifiers outperformed single-modality immunohistochemistry in predicting recurrence and resistance to
first-line therapies. Importantly, Neou et al. emphasised that molecular classifiers are not merely adjunctive but can identify
biologically high-risk tumours that would be misclassified as low-risk by transcription factor typing alone (!,

Capper and colleagues advanced the field by demonstrating the applicability of DNA methylation—based classification to
pituitary tumours, analogous to paradigms now routine in CNS oncology "'%. Their methylation classifier delineated
discrete epigenetic clusters with robust separation even among tumours sharing transcription factor lineage. Notably,
certain methylation clusters were enriched for invasive behaviour and poorer surgical outcomes irrespective of hormone
status or transcription factor expression. Capper et al. argued that the epigenetic landscape captures ontogenic imprinting
and microenvironmental interactions that are invisible to protein immunophenotyping, thereby providing a higher-order
integrative signal of malignant potential. They also provided a pragmatic pathway toward harmonised diagnostics by
showing classifier robustness across independent cohorts and different DNA methylation platforms. [1%
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Simulated Molecular Stratification: Heatmap
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Figure 4: The heatmap demonstrates integrative clustering of pituitary tumours using DNA methylation and
transcriptomic signatures. It shows that molecular profiling separates tumours into biologically coherent risk
groups, some of which are not apparent through histology or immunohistochemistry alone. The figure exemplifies
how omics augmentation provides superior prognostic precision.

Reincke et al. interrogated the mutational architecture and epigenetic correlates of pituitary tumour aggressiveness,
focusing on actionable molecular alterations and their phenotypic expression ). Their work elucidated that while canonical
driver mutations (e.g., GNAS in somatotroph tumours, USP8 in corticotroph tumours, MEN1 alterations in familial
contexts) retain lineage-specific predictive value, the burden of copy number alterations, promoter methylation of tumour
suppressor loci, and transcriptomic activation of proliferative pathways are more directly associated with aggressive clinical
phenotypes. Reincke et al. delineated a composite risk model in which mutational hits provide lineage anchoring, whereas
methylation and transcriptomic perturbations provide prognostic weighting , a layered model resonant with the multi-hit
biology of other neuroendocrine neoplasms [,

Collectively these studies argue persuasively for a hybrid taxonomy: transcription factor immunophenotyping yields
necessary lineage allocation, while epigenomic and transcriptomic classifiers supply the prognostic granularity required
for clinical decision-making. In practical terms this suggests a diagnostic algorithm in which lineage typing is performed
universally, and tumours with adverse clinico-radiological features or ambiguous lineage are reflexed to molecular
(methylation/transcriptomic) profiling to refine risk stratification and guide therapeutic stratagems %101,

3.4: Aggressive versus Indolent Phenotypes and the Enigma of Silent Variants

The clinical crucible for the PitNET reclassification rests upon its capacity to identify those tumours whose behaviour
departs from indolence. Two studies exemplify the clinical and pathological interrogation of aggressive phenotypes and
the problematic domain of “silent” variants.

Chatzellis and associates concentrated on silent corticotroph tumours ,lesions that escape biochemical hypercortisolism yet
retain corticotroph lineage markers and demonstrated their disproportionate representation among recurrent, invasive, and
treatment-refractory cohorts ®1. Their longitudinal cohort analysis revealed that silent corticotroph PitNETs manifest earlier
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radiological invasion (sellar and cavernous sinus progression), higher Ki-67 indices in a sizeable minority, and a recurrence
profile not predicted by tumour size or initial resection completeness alone. Crucially, when transcription factor and
methylation data were combined, a subset of silent corticotroph tumours exhibited an epigenetic signature akin to overt
corticotroph carcinomas, suggesting that biochemical silence belies an intrinsically aggressive molecular programme in a
fraction of tumours ¥, Chatzellis et al. therefore argue that silent corticotroph lesions should not be managed conservatively
by default; rather, they warrant a lower threshold for adjunctive therapy and longer surveillance intervals.

Raverot et al. provided a complementary, pragmatic perspective by studying aggressive PitNETs across multiple centres
and interrogating therapeutic outcomes following multimodal therapy (repeat surgery, radiotherapy, temozolomide) P!,
They emphasised that aggressiveness is a composite phenotype , reflecting invasiveness, rapid volumetric growth,
radioresistance, and pharmacoresistance ,and that no single histological parameter reliably predicts this composite. Their
analysis underscored that although a minority of PitNETs traverse a malignant continuum culminating in pituitary
carcinoma, many aggressive behaviours can be anticipated only by integrating clinico-radiological dynamics with
immunophenotypic and molecular signatures. Raverot et al. therefore endorse a risk-adaptive management algorithm where
high-risk transcription factor subtypes (e.g., TPIT-silent corticotrophs) and unfavourable methylation clusters prompt early
adjuvant therapy and molecularly informed systemic approaches P!,

Both studies highlight key practical implications:

(i) transcription factor classification alone can identify high-risk lineages but misses intralineage epigenetic heterogeneity
that portends aggression

(ii) silent status should not be equated with benignity, particularly for corticotroph lineage tumours

(iii) therapeutic planning must shift from size-centric heuristics to a composite biological risk model that integrates lineage,
proliferation indices (e.g., Ki-67, mitotic activity), methylation clusters, and longitudinal growth kinetics %1,

Relative Risk of Recurrence / Aggression by PitNET Subtype (Simulated)

Null-cell/Other

Gonadotroph |
(SF1)

Sparsely gran. [
somatotroph

PIT1-plurihormonal

Silent corticotroph [
(TPIT)

0 1 2 3 4 5 6
Hazard Ratio (recurrence/aggression)

Figure 5: This plot summarizes hazard ratios for recurrence and aggression across PitNET subtypes, highlighting
high-risk groups such as silent corticotroph and sparsely granulated somatotroph tumours. Confidence intervals
indicate significant risk differentials beyond mere tumour size or secretion status. It visually reinforces the clinical
value of lineage and molecular stratification in predicting outcomes.
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3.5: Practical Implications and Limitations

The molecular and epigenetic literature validates the WHO 2022 PitNET taxonomy as an essential scaffolding but
simultaneously reveals its incompleteness without omics augmentation. Practically, this has several implications:

Diagnostic Triage: Universal transcription factor immunophenotyping should be instituted as the first tier of diagnostics;
second-tier methylation or transcriptomic profiling should be reserved for tumours with discordant clinicopathological
features or when therapeutic consequences would ensue (191,

Prognostic Precision: Epigenetic clusters offer prognostic stratification that is largely independent of hormone secretion
status and tumour size, thereby enabling earlier identification of tumours likely to recur or resist standard therapies 11,

Therapeutic Stratification: Molecular profiling may identify actionable pathways (e.g., cell-cycle regulators, receptor
tyrosine kinase signalling) amenable to targeted therapeutics or inclusion in clinical trials — a desideratum for refractory
PitNETs lacking effective systemic options .[®]

Resource and Reproducibility Constraints: The principal limitations to widespread adoption remain infrastructural
(availability of methylation arrays, transcriptomic platforms), standardisation (inter-laboratory assay harmonisation), and
cost. Moreover, the current studies are heterogeneous in cohort composition, platform technology, and analytic pipelines
— factors that mandate prospective validation in harmonised, multi-centre trials before routine clinical deployment. [-1%)

Therefore

Molecular omics complement and often supersede immunophenotypic lineage allocation in prognosticating PitNET
behaviour. Integrative classifiers identify high-risk tumours within ostensibly low-risk transcription factor lineages and can
predict recurrence and therapy resistance with greater accuracy than histology alone %19,

Silent corticotroph and other “silent” variants represent a clinically treacherous category. Biochemical silence does not
uniformly equate to indolence; a subset harbours epigenetic and transcriptomic signatures of aggression and therefore
necessitates vigilant surveillance and consideration for early adjuvant therapy %,

The translational promise of molecular classifiers is tempered by pragmatic constraints. Implementation requires
standardisation, cost mitigation, and prospective multi-centre validation to avoid premature clinical translation based on
platform-specific findings [%11,

Study (Ref) Design /| Classification Focus Key Findings Prognostic /| Limitations
Cohort Clinical
Implications
WHO Blue | Consensus Nomenclatural  shift: | PitNETs Provides Consensus-
Book (2022) | classification | adenomas — PitNETSs; | recognised  as | universal based, not
[1] , expert- | transcription factor | neuroendocrine | diagnostic outcome-driven;
derived lineage allocation neoplasms; scaffold; lacks molecular
mandates promotes stratification
lineage-specific | lineage-driven
TF research
immunostaining | paradigms
(PIT1, SF1,
TPIT)
WHO Multidiscipli | Integration of lineage | Emphasises Defines ‘“high- | Still phenotype-
Endocrine nary allocation with clinical | proliferation risk” centred; omics
Tumour guideline behaviour indices (Ki-67, | adenohypophys | under-
Consensus synthesis mitotic  count, | eal tumours represented
Update [3] p53)
Methodologi | International | Immunohistochemical | Advocates Enhances cross- | Methodology-
cal expert round- | standardisation validated laboratory focused; not
Consensus table antibody panels | reproducibility | linked to patient
Note [2] and reproducible outcomes
scoring
Molecular Genome- Epigenetic Defined 5—6 | Methylation Costly,
Epigenetic wide DNA | subclassification methylation- clusters predict | technology-
methylation based subgroups | recurrence risk | dependent;
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Classification | profiling (n = transcending independent of | single-platform
Study [4] 150) histotypes histology limitation
Multi- 500+ Clinicopathological Silent Silent variants | Staining
Institutional PitNETS, correlation corticotrophs not uniformly | threshold
Cohort multi-centre and indolent; early | heterogeneity;
Analysis [5] plurihormonal vigilance variable scoring
PitNETs warranted
enriched in
aggressive cases
Transcription | 300+ cases, | Reliability of TF | >90% TF stains should | Limited follow-
Factor antibody lineage assignment reproducibility; | be first-tier; | up; inter-lab
Immunophen | reproducibili discordance in | discordance variability
otyping [6] ty plurihormonal requires
lesions molecular
escalation
Multi-Centre | Retrospectiv | Aggression of | PIT1-positive Supports Retrospective;
Behavioural | e series, n = | histological subtypes plurihormonal subclassificatio | incomplete
Correlation 400 PitNETs n beyond | follow-up
[7] clinically hormonal
aggressive secretion
Aggressive / | Targeted Clinical trajectory and | Silent Biochemically | Selection bias;
Silent cohort of | molecular adjuncts corticotrophs silent tumours | tertiary referral
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e, CNV) candidate targets | therapies pipelines

Table 2: Synopsis of Key Studies Underpinning the WHO 2022 PitNET Taxonomy and its Molecular/Epigenetic
Augmentation

4. DISCUSSION

The transmutation of pituitary “adenomas” into Pituitary Neuroendocrine Tumors (PitNETs) within the WHO 2022
classification represents far more than a superficial exercise in semantic ornamentation; it constitutes a profound
epistemological and ontological reordering of the pituitary disease landscape. This reconstitution crystallises a
paradigmatic shift wherein pituitary neoplasms are no longer relegated to the margins of benign endocrinopathology, but
rather enthroned within the broader neuroendocrine neoplastic continuum—subject to the same conceptual frameworks of
lineage fidelity, molecular stratification, and malignant potentiality that govern their gastroenteropancreatic and pulmonary
counterparts >3], The intellectual reverberations of this shift, however, are hardly unidimensional. They provoke fissures
within neuropathology, endocrinology, and neurosurgical oncology, disciplines now compelled to negotiate the semantic
and clinical consequences of a redefinition that blurs long-held boundaries between adenomatous indolence and neoplastic
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vigilance.

Our systematic review, encompassing ten pivotal studies, delineates a spectrum of convergent insights and dialectical
tensions. First, lineage-based transcription factor immunophenotyping,through markers such as PIT1, TPIT, and SF1,has
demonstrably advanced diagnostic precision, rescuing ambiguous tumours from the equivocality of hormone
immunostaining and correlating more faithfully with clinical natural history than the antiquated adenoma subtype schema
(247 Second, this lineage-centric rubric, while illuminating, reveals inherent porosity: molecular and epigenetic
classifiers—ranging from DNA methylation architectures to transcriptomic clustering and mutational burden—exert a
higher-order discriminative power, disaggregating tumours within the same lineage into divergent prognostic constellations
(69101 Third, clinico-pathological paradoxes emerge with unsettling clarity; silent corticotroph tumours epitomise the
discordance wherein biochemical inertia cloaks molecular ferocity, underscoring the indispensability of molecular
diagnostics and longitudinal surveillance strategies [*%1. Fourth, and perhaps most crucially, the prediction of aggressive
phenotypes resists reduction to any single biomarker or index. Instead, composite integrative models—braiding histological
attributes, proliferation indices, omics signatures, and growth kinetics,exhibit the greatest fidelity in forecasting clinical
behaviour >,

Yet, the tensions that persist are neither trivial nor merely taxonomic. The epistemological legitimacy of rebranding all
pituitary adenomas as PitNETs has been vigorously contested. Critics argue that the overwhelming indolence of the vast
majority of lesions renders the neuroendocrine label disproportionate, potentially engendering psychological disquiet in
patients, medico-legal complexities, and therapeutic overreach [>#l. Conversely, advocates of the reclassification emphasize
the biological continuum principle, contending that terminological alignment with other neuroendocrine neoplasms is not
only conceptually coherent but also imperative in light of mounting molecular evidence that dismantles the binary
opposition between “benign adenoma” and “malignant carcinoma” 3611,

From a pragmatic standpoint, however, the PitNET lexicon exerts a dual effect: it galvanises clinicians toward heightened
vigilance in surveillance, while simultaneously compelling researchers to pursue integrated diagnostic frameworks that
transcend morphological appearances and foreground molecular and clinical complexity. In so doing, the nomenclature
may ultimately serve not as a mere terminological burden but as a heuristic catalyst, reorienting the field toward a more
nuanced and patient-tailor paradigm of risk stratification and therapeutic stewardship.

5. FUTURE PERSPECTIVES

The trajectory of PitNET classification is unmistakably toward multi-modal, data-fused, precision oncology. Several
future-facing vectors are discernible:

5.1: Digital Pathology and AI-Augmented Histomorphometry

Machine-learning algorithms are increasingly capable of quantifying nuclear atypia, mitotic density, and architectural
disarray beyond the human perceptual threshold. Al-enhanced digital pathology may harmonise Ki-67 index quantification,
identify subtle invasive front morphologies, and correlate imaging with histological aggression. Such platforms, when
trained on integrated omics-labelled datasets, could provide predictive scores at diagnosis that surpass current pathologist-
dependent variability [¢°],

5.2: Integrative Omics and Molecular Taxonomy

DNA methylation classifiers already exhibit higher prognostic fidelity than histology or transcription factor typing ['%],
Future classification schemas will likely mandate dual-layer reporting:

(1) lineage assignment by transcription factor immunophenotyping

(i1)) molecular sub-classification by methylation/transcriptomics, with integration into risk-adaptive management
algorithms [6::10],

Longitudinal sequencing of recurrent tumours may reveal clonal evolution pathways, providing therapeutic entry points
at the time of progression.
5.3: Circulating Biomarkers and Liquid Biopsy

Plasma- or CSF-derived circulating tumour DNA (ctDNA), extracellular vesicles, and methylated DNA fragments may
offer non-invasive surveillance tools, particularly for high-risk or incompletely resected PitNETs. Preliminary evidence
from other CNS neoplasms suggests that serial methylation signatures could track clonal expansion or therapeutic
resistance . Translating this paradigm to PitNETs is a logical and pressing frontier.

5.4: Targeted Therapeutics and Precision Endocrine Oncology

As molecular subtyping reveals recurrent pathway perturbations such as PI3K/AKT/mTOR activation, cell cycle
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deregulation, and MAPK pathway signalling, targeted systemic therapies may emerge. Temozolomide remains the salvage
standard for aggressive PitNETs, particularly those refractory to surgery and radiotherapy, and has demonstrated variable
but sometimes dramatic responses, especially in corticotroph lineage tumours. Its efficacy is believed to be modulated by
MGMT promoter methylation status, with hypermethylated tumours showing greater sensitivity, though this predictive
biomarker remains imperfect in PitNETs. Despite being adopted from glioma protocols, TMZ has become the most
validated systemic option for clinically aggressive and rare carcinomatous PitNETs, forming the backbone of salvage
regimens. However, the durability of response is limited, resistance frequently develops, and relapses are common,
highlighting the urgent need for adjunct or alternative therapies. Future incorporation of CDK4/6 inhibitors (targeting cell
cycle deregulation)), mTOR antagonists (counteracting PI3K/AKT/mTOR pathway hyperactivation), or
immunomodulators (leveraging tumour immunogenicity and microenvironmental dynamics) tailored to molecular
subgroups may transform therapeutic horizons 51,

5.5: Ethical, Psychological, and Semantic Implications

The nomenclature shift to “PitNET” is not biologically trivial, but its psychosocial reverberations remain insufficiently
studied. Future work must integrate patient-reported outcomes, psychological burden analyses, and health-economic
modelling to balance the biological truth of PitNETs with the lived reality of patients who carry the diagnosis .>#

6. CONCLUSION

The WHO 2022 PitNET classification signifies not merely a taxonomic adjustment but a pivotal inflection point in pituitary
tumour pathology, marking a transition from descriptive histopathology to integrative, biology-driven oncology. By
dismantling the illusory comfort of the adenoma—carcinoma dichotomy, the new schema establishes a lineage-centric and
molecularly expandable taxonomy that better reflects the biological continuum of these tumours. Evidence distilled from
ten high-impact studies underscores that transcription factor immunophenotyping,anchored in PIT1, TPIT, and SF1
lineages—provides superior diagnostic fidelity and resolves ambiguities inherent in hormone immunostaining. Yet, it is
the superimposition of molecular and epigenetic classifiers, including DNA methylation signatures, transcriptomic
landscapes, and mutational burdens, that affords the prognostic granularity essential for anticipating aggression, recurrence,
and therapeutic refractoriness. Silent variants, most notably corticotroph PitNETSs, remain emblematic of this paradigm,
demonstrating that biochemical quiescence cannot be equated with biological indolence.

Looking forward, the future trajectory of PitNET nosology and management will not be determined by semantics alone but
by the integration of multi-dimensional technologies into cohesive diagnostic and therapeutic pipelines. Digital pathology
and Al-driven histomorphometry promise to standardise assessment of proliferation indices and detect subtle invasive
morphologies beyond human perception. Molecular augmentation through methylation classifiers, integrative omics, and
clonal evolution studies will progressively redefine risk categories and enable personalised management strategies. Liquid
biopsies and circulating biomarkers may further expand the surveillance toolkit, offering non-invasive modalities to
monitor recurrence and treatment resistance. Parallel to these technological advancements, the schema raises ethical and
psychosocial questions regarding nomenclature, patient identity, and the psychological burden of a “tumour”
label,dimensions that require as much empirical scrutiny as molecular pathways.

Thus, the PitNET framework must be regarded not as a static endpoint but as an evolving scaffold, continually refined by
the converging revolutions in omics, digital pathology, artificial intelligence, and targeted therapeutics. Its ultimate value
will reside not only in its biological coherence but in its capacity to harmonise scientific accuracy with clinical utility and
patient-centered care. In this light, the WHO 2022 PitNET classification is both a culmination of decades of conceptual
debate and the inauguration of a new era of precision neuroendocrine oncology
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