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Conventional diagnosis of tumor

Signs and symptoms

= Palpable lump, pain

= Fever, Fatigue, Weight gain or loss

= Altered metabolism

Laboratory tests- PSA, CA5-3, AFP

Medical imaging: X-ray, CT,MRI,PET.

Gold standarddiagnostic pathology methods




A) MORPHOLOGICAL METHODS

FNAC

Exfoliative cytology

Abrasive cytology

Washings and lavage Techniques
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Autopsy
,Hic locus est ubi mors gaudet succurrere vitae.”
» 1 Nis is the place where death rejoices to helg¢hoho live.*

The main purposes of autopsy are as under:
1. Quality assurance of patient care by:
- confirming the cause of death
- establishing the final diagnosis
- study of therapeutic response to treatment

2. Education of the entire team involved in patient care by:
- making autopsy diagnosis of conditions which are oftersgds
- discovery of newer diseases
- study of demography and epidemiology of diseases
- affords education to students and staff of pathology




Declining autopsy rate

i Brigham and Women's Hospital

Yale-New Haven —
Hospital

Mean autopsy rates (%)

U.S. national data (1972-1994)—"
Eight-state survey {(1994—-2005)

1955 1965 1975

Declining autopsy rate throughout world in the recent times is owing to the
following reasons:

1. Higher diagnostic confidence made possible by advances in imaging techniqug
e.g. CT, MRI, angiography etc.

2. Physician’s fear of legal liability on being wrong.




Declining autopsy rate
Pleven University Hospital
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VARIOUS METHODS OF DIAGNOSIS

Cytological and Histopathological techniques
Immunocytochemistry & immunohistochemistry
Molecular Diagnosis

Flow cytometry

Tumour markers

Lamgile




Cytological diagnosis

B Cytopathology refers to diagnostic techniques that are
used to examine cells frorarious body sites to
determine the&ause or nature of disease.

The first important decision for suspicious case is:
Inflammation vs neoplasia

Second important decision is
Benign vs malignant

Cytological diagnosis methods

Fine-needle aspiration

Abrasive cytology

Exfoliative cytology




Fine-needle aspiration

= FNA cytology may be indicated in the following clinical situations:

* investigation of palpable masses, regardless of whether they are cewisimgTign
or malignant

* investigation of impalpable image-detected masses that are considezigddi be
benign or with typically malignant features

e investigation of suspected local recurrence of cancer, as suggestiee jpresence
of palpable masses, impalpable image-detected masses, or lymph node involveme

« evaluation of cystic lesions with atypical imaging features

« confirmation of a diagnosis of cancer when core biopsy is not available, no
possible or contraindicated.

s The use of FNA significantly decrease health care costs by decreagmumber
of open surgical biopsies

= A diagnosis of malignancy allows preoperative discussion of available therapeut
options
Patient-friendly procedure




Fine-needle aspiration

Ultrasound

Fluid filled
lumps

[T

Hey Student,
what are you | ooki ng
at?
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Fine-needle aspiration

Fibroadenoma (FA). Note
the prominent nuclear atypia
with nucleoli. The tightness
of the cluster and a
background of single bipolar
cells and stripped nuclei are
Important clues in avoiding

an overdiagnosis of
malignancy (Papanicolaou
stain).




Abrasive cytology

The purpose of this procedure is to enrich the sample witls oditained
directly from the surface of the target of interest. Hene#l, specimens are
usually obtained through superficial scraping of the lesi@rtificial
mechanical desquamation) .

Examples include:

Cervical scraping or the so called Pap smear:. the cervicatapsc
introduced by Ayre in 1947 (i.e., Ayre’s spatula) allows aedt sampling
of cells from the squamous epithelium of the cervix and the@acanht
endocervical canal.

Buccal mucosal smear
Skin scraping of various lesions

Brushing techniques through using rigid endoscopic & fiio
Instruments to collect cell samples from the gastroimestract, bronchial
tree, etc...




Abrasive cytology

Pap Smear Test

= Is used mainly to detect precancerous and cancerous lesio
of the uterine cervix.

It is based on the fact that cancer of the cervix is one of thg
most preventable cancers, because most of the cellular chanc
which may lead to carcinoma can be detected and according
treated at an early stage before progression.

In most cases, cervical carcinoma develops slowly ( over
period of up to 10 years ), whereby it passes into different pre
neoplastic conditions before it reaches the cancer stage, term
dysplasia or Cervical Intraepithelial Neoplasia (CIN) or
Squamous Intraepithelial Lesion (SIL):




IIl) ABRASIVE CYTOLOGY

Surface scraped using Ayre's Spatula or brush.
With or without optic guidance

Examples: cervical smears (PAP smear)
bronchoscopic brushings

endoscopic brushings from
lesions of GIT




Abrasive cytology

Pap Smear Test




Abrasive cytology

Pap Smear Test report

Cytological classification Histological classification
(used for screening) (used for diagnosis)

WHO descriptive

Pap Bethesda system CIN classifications

Class | Normal Normal Normal

Class 11 ASC-US ASC-H * | Atypia Atypia

CIN 1 including flat

Class 11 LSIL
condyloma

Koilocytosis

Class III HSIL CIN 2 Modcrate dysplasia

Class III HSIL CIN 3 Severe dysplasia

Class IV HSIL CIN 3 Carcinoma in situ

Class V Invasive carcinoma | Invasive carcinoma | Invasive carcinoma

* ASC-US atypical squamous cells of undetermingdificance ,ASC-H-atypical squamous cells HSIL




Abrasive cytology
Pap Smear Test report

5 - o
A -
A




Exfoliative cytology

Exfoliative cytology— based on spontaneous shedding ¢é dekived from
the lining of an organ into a cavity, where they can be remobgd
nonabrasive means

Typical examples are:

-Vaginal smear

-Urine

-Sputum

-Nipple discharge

-Effusions in body cavities (pleura, pericardium, peréa




V) WASHINGS AND LAVAGE

* Normal saline Is instilled into body cavity and reaspirated back,
collecting shed cells

Examples: gastric lavage, peritoneal
lavage, bladder lavage

~ Fixative used: 95% ethylalcohol or cytospray
~ Stains used: Papanicolaou stain or Glemsa stain




Cytological diagnosis Advantages
Disadvantages

= Advantages
« Samples can be collected quickly and easily
Inexpensive
Little or no risk to the patient
Examine the cause or nature of disease
= pecific vs nonspecific inflammation
= Inflammation vs neoplasia
Direct therapy
Determinate next diagnostic procedures
s Disadvantages
It is not always possible to:
Localize neoplastic lesion
Distinguish preinvasive of invasive cancer
Distinguish reactive of dysplastic and neoplastic changes
Determine tumor type




Histopathological diagnosis
.e.
Surgical pathology

m Surgical pathology is the classic method of tissue diagnosis made on gross and
microscopic study of tissues.

The surgical pathologist examines tissues and foreign objects removed from
patients to identify disease processes, document surgical proceds, and
release tissue for research.

Specimen-comes from the Latin word specere, meaning “to look.”This i
sample for medical testing.

Specimens submitted for examination include g
* Fluids, cells, and tissues.
* Products of conception.




HISTOPATHOLOGY
F™

Needle biopsy:

A needle is used to draw
sample fluid and tissue
from a lump to be studied

Small sample of the

abnormal tissue is
removed for biopsy

SADAM

— Incision

- Site

Lump and surrounding
tissue is removed

FADAM,




Histopathological diagnosis

1.Collecting specimens:
-Biopsy:
core biopsy
Incisional biopsy
excisional biopsy
-Qurgical excision:
regional lymph nodes
organs or tissues with the
tumors
2.Submitting pathology specimens
-Request form
Patient identification
|dentification of the individual(s) requesting the exaation
Procedure date&time
Adequate clinical history
Specimen identification, including tests requested arydsaecial
handling required
Instructions for the disposition of gross specimens




Fixative used: 10% neutral Formalin

Varlous steps:

- Fixation

. Dehydration

. Clearing

. Impregnation

. Staining

. Examination of slide

Formalin - wsed for fouion of fssus (Betwoen 15 - 120 minos, depoending on \
schedule onges for bger cane schadules 10 allow M ssen ponelraton)

l

Alcchal - Usexd % dotydrato e bssu 10 make § mescibi weh wax (Botween 40 -
1680 muwtes, depending on schadule, longer for larger case schedules 1o allow
Il s ponctadon) \

(tyone - U 10 Cloan v 50 that 8 Can bo mpevgrated weh was
(Hatwoon 25 - 500 mimtes, deponding on schodulo, longor for larger case
schixubos 10 adow bl s (iverradon )|

Mo Wan - Usext 1o smprogrnasi s  pervade support ond abow letes
- mecrotonmy of bssun
{Gatweon 40 - H00 muntes, dopendeg on schedu, longnd for kyger case
schechs 1 alkow A W poneirston) J




Histopathological diagnosis

= EXAMPLES OF SPECIMENS REQUIRING SPECIAL PROCESSING

TYPE OF
SPECIMEN OR
REQUESTED
STUDY

CONDITION
OF
SPECIMEN

COMMENTS

Gout

Unfixed

Uric acid crystals dissolve in formalin. Tissue shad be
fixed in 100% ethanol for anaqueous processing.

Liver: acute
fatty liver

Unfixed

Lipids are dissolved during routine processing.
Demonstration of fat requires frozen section and
special stains.

Liver: copper

Special

The specimen must not be touched with metal tools t
avoid trace contamination.




Histopathological diagnhosis

3.Transportation - must be fast and secure

- Autolysis immediately begins and immunoreactivity is diminished for
some markers (e.g., for receptors in breast cancers).In some casas,Iis
appropriate for clinicians to directly place specimens into fixatves at 15 to 20
times the volume of the tissue. The type of fixative must be identifet on the
container. The time of placing the specimen in the

fixative should be included when appropriate (e.g., for fixatives contaim

mercury such as Zenker’s, if rush processing is requested, of time in fixatio
affects the results of requested immunohistochemical studies).

- Hazard - all tissues may be hazardous and must be transported in a safe
fashion.

4.Tissue accession The laboratory staff receiving the biopsy specimen must
always match the ID of the patient on the request form with that on the

specimen container.For routine tissue processing by paraffin-embedding

technique, the tissue must be put in either appropriate fixativesolution (most

commonly 10% formol-saline or 10%buffered formalin) or received fresh-

unfixed. For frozen section the tissue is always transported fresh- unfixed.




Histopathological diagnosis

5.Fixatives

Choice of fixative may Ilimit the opportunities for other sps
studies.Before fixing tissue, consideration should besigito cytogenetic
(cell culture) studies and frozen tissue (RNA and DNA ana)yswvhich
require, or are best performed on unfixed tissue.

Formalin-10% phosphate - buffered formalin. Standard fixative aad h
been used in many studies of special stains and immunohestustry. It
fixes most tissues well and is compatible with most histm@gains. Tissue
can be preserved in formalin for many months. Fixation ocgalue to
cross-linking of proteins. Formalin penetrates tissuebaua 0.4 cm each
24 hours. Overfixation can diminish immunoreactivity. Tage extent this
IS reversed by antigen retrieval methods. Modificationdiagl zinc may
also preserve antigenicity.




Histopathological diagnhosis

Decalcification—

Bone and other calcified tissues (blood vessels with gattplagues, some
teratomas, intervertebral discs, some meningiomas, sovagaa tumors,
calcified infarcted epiploic appendages, etc.) must haeectalcium removed
in order to allow the specimen to be sectioned.

Some fixatives(e.g., Bouin’s and Zenker’s) will both fix cardecalcify
tissues. Other decalcifying agents are not fixatives asgligs must be fixed
first before using such agents.

Decalcification will adversely affect histologic detaihé preservation of
some nuclear antigens, especially ER, PR, p53, and Ki-&@ay not be
possible to perform FISH or other assays requiring intacADix decalcified
tissue. Specimens of diagnostic importance (e.g., tunsti®)ld be decalcified
for the least amount of time necessary by checking the tiegag/ few hours.

Decalcification with 10% EDTA has the best results for malac studies.




Histopathological diagnhosis

6. Gross examinatioof the specimen received is the next most
Important step. Proper gross tissue cutting, gross description a
selection of representative tissue sample in larger specimens ig
crucial part of the pathologic examination of tissue submitted
Complacency at this step cannot be remedied at a later stage &
might require taking the tissue pieces afresh if the specimen
large enough and that may delay the report, or if the biopsy I
small and lost in processing the entire surgical procedure fa
biopsy may have to be done again.

Modern compact grossing stations have inbuilt syst@m
recording gross description through dictaphone without the al
of an assistant to write it. Some laboratories have a protocol ¢
doing gross specimen photography and specimen radiograp
before and after tissue cutting for documentation.




Macro imaging systems

SMARTPATH =

Pathology to the Operating \\lf
Room and Beyond




Histopathological diagnosis
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Histopathological diagnhosis

Junction of tumor .
and adjacent

Section demonstrating
maximal depth of
invasion

perpendicular
sections

from margins
that are

close to

the tumor.

Ink the outer surface
{for rectal specimens).

The highest
node

Take parallel
sections from

margins that
are far from
the tumor,

Resections of Intestinal Neoplasms

1. Orient the specimen. Record its length and diameter
proximal and distal to the tumor. Describe the serosa,

. Open the bowel on the side opposite the tumor. Record
the size of the tumor and the distance to each margin.
Section the tumor, and document its deepest gross pene-
tration,

. Remove the mesentery, and submit representative sec-
tions of each node by level. Look for vascular invasion.

. Submit sections of tumor to demonstrate its deepest pen-
etration and relationship to normal mucosa. Submit sec-
tions of the proximal and distal margins, other lesions,
normal mucosa, all lymph nodes, and any attached
structures or argans.




FROZEN SECTION

Cryostat used

Liquid N at -180 C or liquid carbon dioxide at -90 C used to freeze IC water
into ice (embedding medium)

Used for:
* Rapid ‘on-table’ dlagnosis

¥ Preservation of enzymes and lablle substances like liplds and glycogen
¥ Determining nature of mass leslon




Histopathological diagnosis

/. Frozen secticicryostat or frozen section eliminates
all the steps of tissue processing and paraffin
embedding. Instead, the tissue Is quickly frozen to ice &
about — 25 C which acts as embedding mediuand

then sectioned. Sections are then ready for stainin

Frozen section is a rapid Intraoperative diagnosti
procedure for tissues before proceeding to a majc
radical surgery. Frozen section Is stained with rapid
& E or toluidine blue routinely. Special stains can be
employed for either of the two methods according tc
need. The sections are mounted and submitted ft
microscopic study.




Histopathological diagnosis

Cryostat for cutting sections by
freezing technique




Histopathological diagnosis

Paraffin-embedded tissue vs Frozen section

Paraffin-embedded tissu
section

=

Frozen section

Specimens

Fixed tissues

Fresh tissues

Making time

24 - 48 hours

10 - 20 minutes

Saving time

Permanent

Months

Morphology under
microscopy

Clarity

Opacity

Application

Pathological Diagnosis

Intraoperative consultg




Histopathological diagnosis

Paraffin-embedded tissue vs Frozen section

Freeze artifacts: Compression artifact. Figure (@) is frozen section micrograph of kidney tissue at 400X
magnification. There is scalloping and compression of the renal tubules by the bubble like crystals
forming in the surrounding watery stroma. Figure (b) is the paraffin embedded section from the tissue

used to prepare the slide. The watery stroma is evident but compression is not present in this paraffin
embedded control




Histopathological diagnosis

8. Paraffin-embedded tissu€elissue cassettes along with unique number given |
gross room to the tissue sample is carried throughout |&drgrprocedures.

-10% formalin for fixation

- ascending grades of alcohol (70%, 95% through 100%) foydiation for about 5
hours in 6 -7 jars

- xylene/toluene/chloroform for clearing for 3 hours in tyaos
- and paraffin impregnation for 6 hours in two thermostattefl waxbaths.

Embedding of tissue is done in molten wax, blocks of which gmr@pared using
metallic L (Leuckhart’'s) moulds. The entire process of eduieg of tissues an
blocking can be temperature controlled for which tissue eaiding centres a
available .The blocks are then trimmed followed by sectignby microtomy, mos
often by rotary microtome. Paraffin - embedded sections@ugnely stained with

haematoxylin and eosin (H & E).




Histopathological diagnosis

Fresh tissuc

Frozen tissue

~N

k)
Fixation and embedding in

paraffin

(standard, superfrost, RNAse free section, serial sections,...)

Microtome sections ‘ \ies e
Ll ’

| No staining section |

\ Slide staining automate (discoveryXT)

for immunohistochemistry
and in situ hybridization

L

Basic staining and mounting (HE)




9. Staining

Staining
Alcian blus

Azan staining (azo
carming and aniline bluz)

Best’s carmine stain

Elastin staining according
to Weigert
Elastika van Gizson (E~G)

Iron stain (Frossian blus
reactian)

Fibrin staining according
to Weigert

Gromon s stain

Grocott stain

Hasmatoxylin-scsin
(H&E) staining
Congo red stain
Kassa stain

Luxol fast blus (LFB)
Mallory’s stain

Masson—Galdner stain

bay-Criinw ald-Giemsa
stain (MG G)

Izthylens blus

MNaphthal 43-D chloroac-
state astarase stain
Moloney et al. 1960)
(enzyme-histochemical
stain; abbreviated fo ASD

Erassnted structures

Deetection of acid mucopolysaccharides

Connzctive Hame staining (rad) azo camins

stains cell mclsi, srythrocites, fbrin,
fibrinoid, acidophilic cytoplasm, spithalial
hyalin; Aniline blue (blus): collagen fibers,
fibrous hyalin, basophil c ytopl asm, mucus
Classified as a glycogen stain, but is not
specific; also stains mucus, fibnn, gastric
glands, and m ast cell granules

Stains elastic fibers wolet-black

Combined staining of collagen fibers (rad)
and elastic fibers according to Weigert
(black amd brown ), cytoplasm, musculatirs,
amylaid, fibrin, and fitrincid (yellaw)
Stains trivalent iron, in particular hemosid -
arin; datzction of iron depasits

Elue: fitrin and bactzria

Red: call nuclei; is nat considered a specific
fibrin stain

Arzyrophilic raticular fikers (silver)

Id=al fungal stain: fungal conidia, fungal
fibers stain Hlack

Acidophilic cytoplasm is red, basophil
mmclai ars blue, erythrocytes ars rad
Amnylaid stain

Calcified bane tissue stains black in a
non-calcified spacimen

Ewidence of myelin and phasphalipids
Trichrom e stain; collagen and reticular
connective tissue is light-blue, uclei ars
red, smocth muscul atare is violet, striated
musculaturs orangs -rad, mueus is blus
Ezd -orangs: parenchyma and fibrin
Green: mesenchyme

Black: cell nuclsi

MNuclei are purple-red, mucleali ars blue,
cytoplasm is light blus-gray to red-wialst,
srythracytes ars pink o crangs (sxceptin
the cass of alkaline pH whars they ars
graen-hlue)

MNuclei are sharp blue, plasma cells ars desp
blue, srythroc ytas are graenish
MNentroplil m yeloid cells with all pralimi-
nary stages stain wine rad

Ezramplas from forensic practics

Mfucoid lakes, for sxampls, in cases of idiopathic
cystic Erdheim-Gasll medial necrosis and disssctzd
Fortic ansuIYsm

Differantiates basophilic and chromophobs czllsin
the hypoph ysis; loss of detectability, for sxampls, in
the cass of Sheshan syndroms

Gl yweogen detection in kidney distal tubular cells in
the cass of hypergl woemia (Arm mni-Ebstain cells)

Far exampls, slastic fibers in the aortic media

Fibrofic zones in the myocardinm, fibrasis in other
argans, liver cirthosis, ¢ ystic medial necrosis

Eiderasis of the lung, postiranmaticall ¥ deposited
siderophagas, 2.¢., for wound age dstemination
Detection of microfitrin in the placenta, hyalins
merm brane in the lun g past shack event

Glomamlar basal membranes in the case of a
mem brane-proliferative glomamlonsphritis typs I
(ME G - so-called tram tracks; reficular fiber
netwarkin the cass of hepatic pelicsis

Fungal infection
Routine staining

Amyloidaszs of any typa, in particular cardiovascular
Sediments in renal tubulzs and vascular walls
following ethylana glyeol intoeic ation

Meiyelin sheath staining

Connective tissue stain, for example, in the cass of
liver cirthosis

Hyalinz fibrin thrambi in the cass of shack

Hem atopoiztic mamrow, diffsrentiation of cells of the
mieloid and 1ymphatic ling; ecsinophil granulais r=d

Suitable to detact agents, . g, Helicobacter pylori

Iviostl y selective detection of neutrophil grarmuloc ytes
in purulent inflammation of all kinds (phlegmans,
abacassas)

Staining
Nizs] stain

Orain stain

Papanicalacu stain

PAS (pericdic acid-
Schiff’s reagent)
Periodic acid - silver

FTAH

Frussian blue
Esticulin stain
Sudan [I1
Toluidine Hue

Silvenng

Zizhl-Meelsen atain

Prazemted stuchires
Detects call meled and tigrad bodiss m

nerve cells; cell nuclzi and Missl substance

widlat, nerve cells ight blus, the restis
olorlass

Detection of elastic fiters, usad to identify
the Australia HEsAG

Cells are hluzs to black, nuclzoli are black to
ted, cytoplasm 1s Hlue-grzen (cyanophi) o
pinkr=d (zosinophil); erythracytas ars bnght

red

Stains carboh ydrates, in particular glyeogen,

purple-rad (magenta) and epithelia mucin
Stains basal membranas, Alzheimer’s
Plaguas, and fungi black

Phosphetungstic axid-hamatooylin
wearding tohallary

Blug: hemoadenn, Fe [11

Silvering of fine (pre-) callagen reticulin
fibers

Fat stain; lipids stain yellowishred; Sudan
[V stains mors arangstad

Detects striation of muscle fikers and
metachromatic suhstances

Black: reficular fibers, nervous fibers
Browm: callagen fikers

Acid 1zsistant rods, moyoobacteria (also lapra

bacteria) stain bright red

Examplas fram foransic practics
Dietaction of nervons fissne

Hepatocellular single call necrosis in the case of
active hepatitis B - detection of hepatitis B surface
antigen; rasult should be chacked
immunchistochemizally

Standard stain for vaginal wet mount

Glycogen positive Ammannd-Ehatein cells in the rena
tubnles in the cass of diabetic coma

Dietaction of basal membranss, for sxample, in the
kidney

Uszzd todiffersntiate between smocth and striated
muscle fibers, detects fibon; suitable in the case of
el dam age, also in the myocardiom

Siderosis of the lung, hemaosidenn macrophages full
of pigments

Basal membranzs, newly formed fibers

Fat embolisms, fatty liver

Striated muscle fissue, mast cell granules

Hepatic peliosis, glomeruli

In particular tubereulasis; microscapy #1000, ol
ImInETsion



Histopathological diagnosis

10. Microscopy- Light microscope - Simple microscope
- Dark ground illumination (DGI)
- Polarising microscope
- Immunofluorescence
- Electron microscope (EM)

11. Pathology repodThe final and the most important task of pathology laboratory is
Issuance of a prompt, accurate, brief, and prognostically significant report.

The ideal report must contain five aspects:
- History (as available to the pathologist including patient’s identity).
- Precise gross description.
- Brief microscopic findings.
- Morphologic diagnosis which must include the organ for indexing purposes .
- Additional comments in some cases.




Histopathological diagnosis

Pathology reports for neoplasms

are complex and they include:
1. Gross description
Specimen: description
Tumour: Site
Size
Appearance
Edge
. Histological type
. Differentiation/grade
. Extent of local tumour spread
. Lymphovascular invasion
. Lymph nodes
. Excision margins
. Other pathology
9. Other malignancy
10. Staging

Benign vs Malignant

Characteristics

Benign

Malignant

Morphology and
Differentiation

Well-differentiated
appearance

Structure similar to
tissue origin

Little or no anaplasia

Usually some lack of
differentiation

Structure often atypical
Variable degree of anaplasigf

Rate and patterr
of growth

Slow, progressive
expansion

Rare mitotic figures

Normal-appearing
mitotic figures

Slow to rapid growth; erratic
growth rate

Mitotic figures often numerous

and sometimes abnormal

Local invasion

No Invasion

Cohesive and expansil
growth

Capsule often present

Local Invasion
Infiltrative growth
Usually no capsule

Metastasis

No metastasis

Frequent metastasis (defingtive

criteria for malignancy)

Damage to
human body

Relatively smaller

Relatively bigger

Prognosis

Good

Bad




Histopathological diagnosis

Example: Pathology report for colorectal carcinoma

1.Gross description
- rectal/sigmoidoscopic/colonoscopic biopsy,
- local resection
- right or left hemi -/transverse/sigmoid/ subtotal or totalectomy
- weight (g) and size/length (cm), number of fragments.
Tumour: I A e
- site-caecum
- ascending colon
- hepatic flexure
- transverse colon
- splenic flexure
- descending or sigmoid
- rectum/multifocal 2
- size - lengthK width X depth (cm) or maximum luminal dimension (cm).




Histopathological diagnosis

Macroscopic classification of colorectal lesions

- appearance
- polypoid |

- annular

- ulcerated

- mucoid

- linitis plastica

- stricture

Nonpolypoid, superficial elevated

- plaque
- edge - circumscribed/irregular (adverse prognosticciaiadir)
- perforation - present/absent

2. Histological type - adeno, mucinous , signet ring, nendoerine, others.

0 Q. & 3 2
LO -'%.HE:'G g(ﬂ"k

1\ 0“‘5 &
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Histopathological diagnosis

3. Differentiation/grade - Well/moderate/poor/undiffatiated, or, Grade 1/2/3/4 based on the
percentage tumour gland formation(well/G1 > 95 %: modé@G2e50 — 95 %: poor/G3 < 50 %).
Undifferentiated carcinoma(grade 4) shows no gland faonat

4. Extent of local tumour spread-Border: pushing/infiftra.Lymphocytic reaction:
prominent/sparse.

Infiltrative IR




Histopathological diagnosis

5. Lymphovascular invasion - Present/absent. Intra - /extratumoural.
lymphovascular venous neural invasion

6. Lymph nodes Lymph nodes and liver are the commonest sites of metastases. Other
sites includeperitoneum, lung , andovaries, vagina andbladder, where themetastases
can mimic primary adenocarcinoma of those organs.

7. Excision margins-Doughnuts/anastomotic rings/staple gun transections
involved/not involved.Distances to the nearest longitudinal resection limim)(
mesorectal CRM (circumferential radial margin, mm), and mesocefeation margin
(mm).




Histopathological diagnosis

Staging of Malignant Neoplasms

8. Other pathology-
inflamatory, neoplastic. Definition

In situ, non-invasive (confined to epithelium)

9. Other malignancy.
Small, minimally invasive within primary organ site

10. Staging. Larger, more invasive within the primary organ site

Larger and/or invasive beyond margins of primary

organ site
Very large and/or very invasive, spread to adjacent
organs

No lymph node involvement

Regional lymph node involvement
Extensive regional lymph node involvement
More distant lymph node involvement

No distant metastases

Distant metastases present




Histopathological diagnosis

12. ImmunohistochemistryThis is a technique for identifying cellular or tissue
constituents (antigens) by means of antigen - antibody interactionstehaf antibody
binding being identified either by direct labeling of the antibody, or by use of a
secondary labeling method.

Antigens - An antigen is a molecule that induces the formation of an antibody anc
bears one or more antibody binding sites. These are highly specific topographic
regions composed of a small number of amino acids or monosaccharide units, bei
known as antigenic determinant groups or epitopes.

Withdraw serum
containing antibodies




Histopathological diagnosis

Antibody - Antibodies belong to the class of serum proteir®skmas
Immunoglobulins. The basic unit of each antibodg monomer. They are formec
In the humoral immune system by plasma cells, twkcell of B-lymphocyte

transformation after recognition of a foreign aahg

Antibody - antigen binding - The amino acid side - chai

Of the variable domain of an antibody form a cawtyich &

IS geometrically and chemically complementary sngle 3

type of antigen epitope .The analogy of a lockifentty) =/
and key (antigen) has been used, and the pretise fi f\;:fiigﬁsy- igen bindingﬁ f

required explains the high degree of antibody-antig . =L

specificity seen. -sensitivity




Histopathological diagnosis

Types antibodies:

Polyclonal antibodies - animal will produce numerous ckoé activated
plasma cells (polyclonal). Each clone will produce an adipwith a slightly
different specificity to the variety of epitopes presentlo@ immunogen.

Monoclonal antibodies - hybridoma technique - produce notoral
antibodies and revolutionized immunohistochemistry by creasing

enormously the range, quality, and quantity of specifiasenf. The method
combines the ability of a plasma cell or transformed B lymphe to produce
a specific antibody with then vitro immortality of a neoplastic myeloma cell
line; a hybrid with both properties can be produced. With tehnique of
cloning, this cell can be grown and multiplied in cell cuéusr ascitic fluid,
theoretically to unlimited numbers.

Labels-enzymes, colloidal metal labels, fluorescentliglvadiolabels -
produces a stable, colored reaction suitable for the nuomes.




Histopathological diagnosis

Immunohistochemical methods

1. Traditional direct techniqgue - The primary antibody Is
conjugated directly to the label. The conjugate may be either
fluorochrome (more commonly) or an enzyme. The labelec

antibody reacts directly with the antigen in the histological or
cytological preparation. The technique is quick and easy to us:t
However, it provides little signal amplification and lacks the
sensitivity achieved by other techniques.




Histopathological diagnosis

2. Indirect technique - A labeled secondary antibody directed against the immunoglo
of the animal species in which the primary antibody has been raised izissiain unlabele
primary antibody. Horseradish peroxidase labeling is most commonly used, togéther

an appropriate chromogen substrate. The method is more sensitive than thenahditiect
technique because multiple secondary antibodies may react with diffemégenic sites o
the primary antibody, thereby increasing the signal amplification.

Indirect Method

p o e :
SRR,

PAP complax

inking antibody 3
. (goat anti-rabbit IgG) ==\

Primary antibodies
(rabbit anti-X IgG)

Strong and diffuse nuclear staining (with some cytoplasmic positivity) for CDX2 seen
in a colorectal adenocarcinoma
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For interpretation of results of IHC stains, it is importanmeimember that
different antigens are localised at different sites in cells (membrane, cytoplasm or
nucleus) and accordingly positive staining is seen and interpreted esttesse.g.
membranous staining for leucocyte common antigen (LCA), nucleamgjdoni
oestrogen - progesterone receptors (ERPR), cytoplasmic stainingdottsmuscle

actin (SMA) etc.

IHC stains are used for the following purposes
1. Tumours of uncertain histogenesis.
2. Prognostic markers in cancer.
3. Prediction of response to therapy.
4. Infections.




Molecular pathology

Molecular pathology seeks to apply gene expression against
morphology and use gene expression analysis to validate g numbers
of targets. Nucleic acid—based testing is becoming a cruc¢idiagnostic tool
not only in the setting of inherited genetic disease but in a we variety of
neoplastic and infectious processes. Following diagnosismolecular
testing can help guide appropriate therapy by identifying ®ecific
therapeutic targets of several newly tailored drugs.

MOLECULAR DIAGNOSTIC TECHNIQUES

1. Polymerase chain reaction - Polymerase chain reaction (PCR) is a
technique for molecular genetic purpose with widespread aglications in
diagnostics and research. The technigue is based on the paiple that a
single strand of DNA has limitless capacity to duplicate itelf to form
millions of copies. In PCR, a single strand of DNA generatesrether by
DNA polymerase using a short complementary DNA fragment; tis is
done using a primer which acts as an initiating template.
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Each PCR cycle involves 3 basic steps: denaturing, annealing
polymerization. The process is repeated 30 to 40 times, each
doubling the amount of the targeted genetic material. At the e
the PCR procedure, millions of identical copies of the orig
specific DNA sequence have been generated. Since these copi
identical in electrical charge as well as molecular weight, the
expected to migrate simultaneously, forming a single band,
applied to an electrophoretic gel. If oligonucleotide primers
during the PCR cycles are labeled with fluorescent dye, the
product can then be analyzed In a capillary electropho
Instrument, which tracks the fluorescence of the identical |
sequences as they migrate. The computerized Instrument
generates a graph depicting a peak of fluorescence at the mig
location of the PCR product .
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Denaturation 94°C

-

(Andy Vierstraete 195949

Capillary electrophoresis
analysis of a PCR product
using a sequencer for

fragment analysis . A
distinct peak indicates a
positive amplification.
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2. In situ hybridization (ISH) is a powerful technique for localizing specific

nucleic acid targets within fixed tissues and cells, allowing to obtamporal and
spatial information about gene expression and genetic loci. While the baskflaver
of ISH is similar to that of blot hybridizations - the nucleic acid probe istegsized,
labeled, purified, and annealed with the specific target - the differénche greater
amount of information gained by visualizing the results within the tissoelay there
are two basic ways to visualize your RNA and DNA targets in situ - flsoeace

(FISH) and chromogenic (CISH) detection. Characteristics inherentcim e&thod of
detection have made FISH and CISH useful for very distinct applications.

Fluorescent in situ hybridization- FISH is based on the use of fluorescence-
labeled oligonucleotide probes that specifically attach to their congaéany DNA
sequence target on the genome and label that region with fluorescence color . T
labeled region can then be easily visualized under a fluorescence microscop
Currently, FISH is often used in evaluation BER2/neu oncogene amplification in
breast carcinoma and for detection of different translocations in chronicogwgmbus
leukemia and acute myelogenous leukemia.
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A normal cell should have 2 copies of th#ER2/neu oncogene, 1 on each of its 2
copies of chromosome 17. Using a centromeric chromosome 17 probe (green signal)
combination with an allele-specific probe for th¢ER2/neu oncogene (orange signal),
visualization of 2 green and 2 orange signals in each cell is expectediqaofdl). In a
breast cancer cell undergoihtiER2/neu oncogene amplification, 4 or more orange signals

are visualized in nuclei showing only 2 green signals (a ratio of 2 or more).

Representative FISH (a) The signal ratio of the two probes wasnile¢el to be 1.13 in this sample and, therefore,
no amplification of the HER2 gene was seen. (b) The signal ratio diithprobes was determined to be 5.48 in this sample and,
therefore, amplification of the HER2 gene was determined to have occurred.
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CISH, or chromogenic in situ hybridization, is a process in which a
labeled complementary DNA or RNA strand is used to localizepeacific
DNA or RNA seqguence in a tissue specimen. CISH methodology lmeaused
to evaluate gene amplification, gene deletion, chromoswareslocation, and
chromosome number. CISH utilizes conventional peroxidasealkaline
phosphatase reactions visualized under a standard hedghtnicroscope, and
IS applicable to formalin-fixed, paraffin-embedded (FFRiSsues, blood or
bone marrow smears, metaphase chromosome spreads, ahddilee

HER2 CISH in a breast carcinoma with HER2
amplification
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3. Flow citometry - Flow cytometry is a modern tool used for the study

of properties of cells suspended in a single moving stredow [Eytometric
analysis finds uses in clinical practice in the followingysa

Immunophenotyping haematopoietic neoplasias e.qg. aaute chronic
leukaemias, lymphomas (Hodgkin’s and non-Hodgkin’s), pladmacytic
neoplasms.

Measurement of proliferation-associated antigens e g7 KPCNA.

Measurement of nucleic acid content e.g. measuring RNA ecdnof
reticulocytes, quantifying DNA content and DNA ploidy cdsinn various
types of cancers.

Diagnosis and prognostication of immunodeficiency .
To diagnose the cause of allograft rejection in renal trEamgation.
Diagnosis of autoantibodies in ITP, autoimmune neutrageni
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4. Cdll proliferation analysis - Besides flowcytometry, the
degree of proliferation of cells in tumours can be determined b
various other methods. These include the following:

Mitotic count.

Radioautography.
Microspectrophotometric analysis.
Immunohistochemistry.

Nucleolar organiser region.
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5. DNA microarray is the newer application of silicon chip
technology for simultaneous analysis of large volume of datpertaining to
human genes such as detection and quantification of point ntation and
single nuceotide pleomorphism The method eliminates use of DNA probes.
Instead fluorescent labelling of an array of DNA fragment(@mplimentary or

cDNA) is used to hybridise with target from test sample. High resolution

laser scanners are used for detecting fluorescent signalsnéted, while the
level of gene expression and genotyping of the biologic sames is measured
by application of bioinformatics.DNA microarrays is used for molecular

profiling of tumours which aids in arriving at specific hist ogenetic diagnosis
and predicting prognosis.




DNA microarray

Hybridization of a labeled probe to the
microarra

Purpose: multiple simultaneous measurements
by hybridization of labeled probe
DNA elements may be:
- Oligonucleotides
- cDNA’s
- Large insert genomic clones
Microarray is generated by:
- Printing
- Synthesis

Detection of hybridization on microarray

Hybridization intensities on

DNA microarray following laser scanning Detection of hybridization on microarray




* GENE CHIP METHOD

They are gene scanning techniques,
based on oligonucleotide arrays called
DNA chips, that provide a rapid method
to analyze thousands of genes

simultaneously




Circulating Tumor Cells (CTCs)
for Cancer Diagnosis and Prognosis

As individual cells present in low numbers, such dissenaidatells can be
hidden to standard methods of investigation such as miocpps@xamination
of routinely stained cyto/histology slides. However, theslls are understood
to be a source of eventual lethal metastases, the major cduseatment
failure in cancer patients. The cells that escape from thmgoy tumor settle
down at a secondary site to cause metastasis are calledla@imguTumor
Cells (CTCs). Metastatic disease is the most common causanuker-related
death in patients with solid tumors. A considerable bodywidl@nce indicates
that tumor cells are shed from a primary tumor mass at théestdtages of
malignant progression. Some of these cells will travel k@ageripheral blood

to sites anatomically distant from the primary tumor andrfonetastases.

Detection and Characterization of these Cells is a Prognisethod for
Both Diagnosis and Clinical Management of Cancer Patiestsvall as
Monitoring Treatment.




There are a series of steps that STAGE IV
a tumor cell must go through before
metastasis can occur. After cells grow
into a benign tumor in the epithelium,
genetic alterations allow them to break
out through the basement membrane,
traverse through the extra cellular

, : . 25 at\ & » Aﬁotherlobe
matrix and invade the capillary . Once | 7 | of the lung

tumor cells enter the circulation they
can travel through the bloodstream to
a distant site. CTCs must adhere the

Vessel wall made up of endothelial
cells,before they can extravasate.If the

microenvironment is established, the
tumor cell(s)may proliferate at this
distant site and eventually form
lethal metastase.
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Circulating Tumor Cells are the Messenger and the Message of Metastasis

Metastatic Cascade:
1. Cells grow as an in situ
lesion. O SRR
2. Cells break through the ™\ : 4*}{;1 xR
basement membrane. g Y =
3. Invasion.
4. Travel through the blood
stream.
5. Adhere to capillary wall.
6. Escape from blood vessel
(Extravasation).
7. Proliferate to form metastases
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The detection of CTCs may have important prognostic andapeartic
Implications but because their numbers can be very smaetltells are not
easily detected.

The approach that we use for the detection of occult micrastases Is
measuring CTCs in peripheral blood (PB).

' 5. Fixation & !
The reliable measurement of C_TC< toolect [0 S Fiation /)L\_
AN

depends on both sample preparation s
protocol and detection technique, and
hence research in this area must take EELEE 2 ant-CD4S-Alexa 47

Antibodies:
anti-Cytokeratin-Alexa 555

Nuclear stain: DAP!
both into account S|multaneously In

order to develop a reliable and geposmon

useful approach. There is good reasogkss

to be optimistic about the value of CT (Il

detection.
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CTC Pleomorphism - Cytologically, the primary and metastatic tumor
deposits show pleomorphism among the individual cells eftthmor tissue.
Circulating cells from these same patients retain thisragigphology, showing
overall pleomorphism with variations in size, shape , an@ & well. It
appears that CTCs retain primary tumor cytologic chareties, and that
CTCs represent a random sampling of many phenotypic cefistyjsesent in
the primary and metastatic tumor deposits.

r

Fluorescent CTC Wright-Giemsa CTC Original Biopsy
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A potential application of CTC detection from peripheral blood (PB) is thdyea
diagnosis of cancer.

At some ill-understood point during primary tumor growth, invasive sub-populations
the primary tumor cells gain access to the circulation. While thealitee supports the
concept that many tumor cells shed from a primary tumor are immediateisoded in the
circulation and most shed cells do not in fact result in metastasis;tagtef such shedding
may provide an early clue as to the presence of malignancy. With amycilise of
appropriate tissue and/or organ specific markers, CTC screening could beyamdicator
of metastasis-capable malignancy.

Circulating Tumor Cells as a Real Time Fluid Biopsy

Enable Detection, Prognosis, and Individualized Therapy Management for

Cancer Patients:

» Detect non-useful treatment even before scans/tumor markers show no response
e Tailor treatment/ monitor disease recurrence

» Therapy in the adjuvant setting

 Detect early cancer in "healthy" people




Next Generation Sequencing

DNA Sequencing

DNA sequencing = determining the nucleotide sequence (A, T, G, and C) of th¢
DNA of a gene.

Next generation sequencing (NGS) is often referred to as massiveallgba
seqguencing, which means that millions of small fragments of DNA can be sespliahc
the same time, creating a massive pool of data. This pool of data can reacheggabi
size, which is the equivalent of 1 billion (1,000,000,000) base pairs of DNA. In
comparison, previous methods could sequence one DNA fragment at a time, perha
generating 500 to 1000 base pairs of DNA in a single reaction.

This is an incredibly powerful development, and whilst offering the potential t
identify exactly where a gene alteration might be present in a patiedbeas also
provide the potential to identify some unexpected findings as well.

Looking at the molecular profile of the tumour sample using NGS might lead to
the identification of an alteration that could suggest the best drugrtezditoption for a
patient or perhaps a clinical trial that the patient could be entered imtthe
development of new and effective cancer treatments.




Telepathology

Telepathology is defined as the practice of diagnostic pathology by a
remote pathologist utilising images of tissue specimensansmitted over a
telecommunications network.

The main components of a telepathology systenare :
- Conventional light microscope.
- Method of image capture.
- Telecommunications link between sending and receivingde.
- Workstation at receiving end with a high quality monitor.
Telepathology systems of two types:

- Static selected images are captured, stored and then transmitted
over the internet via e-mail attachment, file transfer protocol, web page
or CD-ROM..

- Dynamic -images are transmitted in real-time. ‘?& E]*! 3
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It's not THE END. “
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