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( @® ) —Carcinoma sequence theory in colon cancer Molecular change

Normal epithelium

! «Loss or mutation of ( @) )locus on chromosome 5q
Hyperproliferative epithelium

l «—Loss of DNA methylation
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l «—Mutation of ( ©) ) gene on chromosome 12p
Intermediate ( ® )

l «—Loss of tumor suppressor on chromosome 18q
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l «—Loss of ( @ ) gene on chromosome 17p

Adenomacarcinoma
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It is becoming apparent that histological classification systems for cancers in the 21st century

must have two attributes: first, they must reflect tumour biology and behavior, and secondly
they must be highly reproducible in routine practice. Purely morphological categorization of
tumours is only justifiable if this reflects tumour biology accurately, as in the case of ovarian
carcinomas. Histotype diagnosis, when it provides only arbitrary, irreproducible and clinically
irrelevant distinction between categories (e.g. HPV-associated endocervical adenocarcinoma
classification), must give way to systems that reflect behavior accurately or predict response
to a particular therapy, That this has not occurred naturally in gynaecological cancers begs the
question of why, and a wide range of reason is encountered for not adopting the practices

recommended above.
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In the 18th century, extending into the early 20th century, there was great debate about
whether microscopy was of value in the diagnosis of cancer,’as in most cases a diagnosis could be
made based on macroscopic examination. The debate ended in favour of histopathological
examination being able to contribute meaningfully, a result borne out over subsequent decades, with
microscopic examination providing many important insights; for example, the submacroscopic
pathology of precursor lesions that forms the basis of cervical screening. The classification of cancer
evolved from being based only on anatomical location to being subclassified further based on cell
type. (FFEE)

Further progress was possible in refining these subtypes based on routine histopathological
assessment, but a fundamental limitation hindered progress: this was the lack of a gold standard to
inform further refinement of the subclassification and improve reproducibility of diagnosis. (F#%) The
diagnosis of carcinoma involving the ovary, for example, was highly reproducible, but subtype
diagnosis, and even distinction between primary and secondary ovarian involvement, was
irreproducible through the 1990s.

iViolecular medicine started, arguably, with the development of robust techniques for
immunostaining. (%) More recently, nucleic acid technologies have emerged and the high-
throughput techniques, especially mRNA expression profiling and next-generation sequencing, have
been applied to large numbers of human tumour samples. (7 #%) Molecular-based subcategories of
common cancers associated with prognosis, response to therapy or underlying hereditary cancer
susceptibility syndromes were identified, such as basal-like breast carcinoma, which was recognized
only through gene expression profiling. These molecular tachniques were heralded as a replacement
for microscopy in tumour diagnosis; predictions of the demise of histopathology have proved to be
exaggerated but there is no denying the impact of molecular techniques on diagnosis, as will be

discussed below.



The emergence of targeted therapy for cancer has been the biggest impetus for molecular-
based subclassification of cancer. Adjuvant human epidermal growth factor receptor 2 (HER2)-
targeted therapy emerged as the standard of care for breast cancers with overexpression/amplification
of HER2 in 2005, at which point all breast cancers had to be tested at diagnosis. Another example is
the demonstration of targeted therapy against mutant epidermal growth factor receptor (EGFR) in
pul‘monary adenocarcinoma. The cost and morbidity of the targeted treatments p{aced a premium on
accurate testing of predictive markers and there is now a consensus that 90-95% sensitivity and
specificity (at a minimum) should be the goal. It is interesting that the expectations for diagnostic
classification far exceed the expectations around response rate when targeted therapies are given,
which can be disappointingly low, and there remains much work to be conducted to improve the ability
to predict those patients who will or will not respond to the therapy: None the less, the bar for
reproducible subclassification of cancers has been raised permanently, and histopathological
diagnosis of cancer subtypes in the 21st century should meet the same high standards that have been
established for oestrogen receptor (ER) and HER2 testing in breast cancer, if these histopathological
features are to be used to guide treatment; this should be our expectation and aspiration, otherwise
histological subclassification serves no purpose. The progression from morphological
subclassification, which often resulted in poorly reproducible categories with imprecise diagnostic
criteria, gave way to distinct categories with supporting molecular markers, i.e. classification based on
a combination of histology, immunochistochemistry (IHC) and molecular markers, as shown in Figure 1,

with further progress possible to purely molecular categories.

The evolution of histopathological diagnosis

e Morphological patterns recognized
e Suboptimal inter-observer reproducibility

- = Molecular inciuding immunohistochemical marker
of category identified

- » Now able to categorise problem cases

~ * Reproducible classification

* « Categories correlate with molecular abnormalities
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