Novel techniques for
classification of NENs, including

carcinoids, LCNEC and SCLC

APP Summer Meeting
The Hague
20t June 2025

Dr Alexander Haragan
Consultant Thoracic Pathologist
Royal Liverpool University Hospital



Classifying and nhomenclature

“Its not atypical carcinoid, it’s a typical carcinoid”



Classifying and nhomenclature

* Classification needs to be relevant to patient management

* “atypical carcinoid” or “grade 2 neuroendocrine tumour”
* Not a huge difference to the patient

e “carcinoid with metastatic potential”
* Big difference to the patient

* We know these exist but current classification does not capture or
Indicate this



However....

* noveltechniques for classification rather than novel classifications

* What does classification mean anyway?
* Formal diagnostic category
Significant prognostic/behavioural differences
Management
Requires reliable morphology

Risk of over subtyping via morphology and molecular
Each tumour is probably molecularly unique

e Clinical relevance



What are our molecular tools?

e ‘Traditional’ NGS

* Finding specific aberrations and classifying by presence and type

* NSCLC - very familiar with EGFR

* EGFR wild-type — candidate for immunotherapy
* EGFR aberration - sensitising, resistant, unknown



Molecular classification

* Large cell neuroendocrine carcinoma

* Heterogenous disease
* Morphological diversity
* Behavioural diversity

* Molecular diversity
* SCLC-like (p53/Rb1)
* NSCLC-like (STK11, KRAS, KEAP1)
* Carcinoid-like (MEN1)
* Other classifiers (ASCL1, DLL3, NOTCH)
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What are our molecular tools?

e ‘Traditional’ NGS

* ‘~omics’
* WGS/WES, transcriptomics, methylomics, proteomics



Molecular classification - SCLC

* Traditionally:
* Morphologically homogenous
* Behaviourally homogenous
(terrible prognosis)
* Genomics

* Molecularly homogenous
(p53/RB1 loss of function)

* Transcriptomics

* Reveal subgroups based on
transcription factor expression

e Survival data hard!
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Molecular classification - SCLC

* Multi-omics
 Genomics, transcriptomics,
proteomics, phosphoproteomics

 Further subclassification with even
more clinical relevance
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SCLC - it gets more complex!
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What are our molecular tools?

e ‘Traditional’ NGS

* Deliverable in routine clinical setting

e Complex —omics
* Not so deliverable in routine clinical setting

* What can we do about that?



* Typical carcinoid
e <2 mitoses/2mm?
* No necrosis

* Carcinoid morphology

e Behavioural outliers

* Atypical carcinoid
e 2-10 mitoses/2mm?*

 Foci of necrosis
(punctate)

* Prognostic markers e.g. CD44, TOP, ASCL1

* Complex molecularly
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Carcinoids

 Alcala etal. 2019, Laddha et al. 2019
e Gabriel et al. 2020

* Transcriptome and methylome data

* ML and multi-omics factor analyses
* A1/LC1 - strong immune activity
e A2/LC3
 B/LC2 -weak/no immune activity

* Demographic and anatomical

correlations

e Supra-carcinoid
* Morphologically carcinoid
 Molecularly LCNEC

.......



Immunochemistry..... Again?
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Translating complex molecular data
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Translating complex molecular data

L or sscin L ia oo e _ste L soman L_ouis

Female Older Peripheral
A2 + - + Younger Central +
B - - + Male Atypical/higher recurrence

e 88% of the carcinoids could be classified in this manner

« A1x * Bx
e TTF1 high / S100 negative  TTF1 low / S100 enriched
* ASCL1, DLLS3, female e Low HNF1A, ASCL1, DLL3

* OTP lost, necrosis, atypical,
worse prognosis



What are our molecular tools?

e ‘Traditional’ NGS

e Complex —-omics

* Immunochemistry

* Anything else?



TMB (Tumour mutational burden)

* Immunotherapy

* Not widely implemented
* Defining TMB-H, panel/platform variability, etc.

« SCLC

* Potential behavioural biomarker
* Associated with site specific sampling
* (e.g. highest seen in brain metastases)

e A “free” biomarker?
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The TME (Tumour Microenvironment)

e Focus has been on the tumour cells

e Data shows variation in TME
between NENs

* Possibility of sub-classification
 Based on therapeutic intent

* Dependent on familiar techniques

* Other proteomic approaches (e.g.
MS) unlikely in the day-to-day

* Classification or prediction



What are our molecular tools?

e ‘Traditional’ NGS
e +/-TMB

* Immunochemistry
* +/- Immunofluorescence
* Multiplex

e Complex -omics
* Spatial mass-spectrometry



Thinking beyond molecular pathology

* Radiology (‘radio-omics’)

* Blood biomarkers (paraneoplastic syndrome e.g. adrenalin,
serotonin)

* DIPNECH

* Other factors
* Demographics, smoking history, etc

* What can help with all this complex data?



Artificial intelligence

Implementing Al wols m clinscal pathelogy
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Al for multi-modal data

* This is where It gets exciting

Rubbish in = rubbish out



Conclusion

* Many ‘novel’ techniques in research setting

* In clinical setting
* NGS
* Immunochemistry

 Molecular classification of SCLC, LCNEC and carcinoids all exist
* Showing clinical utility is the hope

* Large data with Al is long-promised
* Little specific to pulmonary NENSs

* The future is exciting!
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