llluminating the Black Box: From Specimen to Diagnosis

Demystifying the histopathology workflow for clinical practice

Patient Presentation Laboratory Pipeline Targeted Treatment

P”IIN

Instructor Notes

Speaker Notes (Persian):
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The Specimen Journey: An End-to-End Pipeline

Clinic The Lab Core Diagnosis

' h! 3 \
&n Biopsy  Transport @) (5 ) Embedding @ &) (9] Diagnosis 1)

24 © 2] © (6] @ 19 1 D

Patient Biopsy Transport Grossing Processing Embedding Microtomy Staining Microscopy Diagnosis  Clinical
Decision

Turnaround Time (TAT) ranges from
hours (urgent frozen sections) to
Speaker Notes (Persian): several days (complex molecular
J>1re ol Wb (8L digad 1b .Cuwlo oly 4ddi dlg) Jas oyl cases).
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1. Physical 2. Laboratory 3. Morphological 4. Digital
Collection Processing Interpretation Transformation

1. Physical 2. Laboratory 3. Morphological 4. Digital
Collection Processing Interpretation Transformation
Harvesting cellular and tissue Chemical stabilization and Human-led microscopic Algorithm-assisted scoring
samples (Conventional & structural preparation analysis and standardized reporting
Liquid-Based Cytology). (Fixation to Archiving). (The Bethesda System). (Al & CAP eCP).



Surgery Node

Scalpel guidance. Defines
surgical margins and
intra-operative triage.

Oncology Node

Target selection. Provides
precise tumour staging and
molecular receptor status.

Pathology

(The Diagnostic
Engine)

Radiology Node

Radiologic-Pathologic
correlation. Confirms or
refutes imaging suspicions.

General Practice Node

Diagnostic closure. Translates
vague symptoms into definitive
systemic diagnoses.

Speaker Notes (Persian):
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=== 9% Accessioning Il

e Specimen Accessioning: Immediate
barcode generation links the physical
tissue to the patient's electronic health
record, preventing pre-analytical mislabeling.

¢ The Threat of Ischemia: Freshly
excised tissue immediately undergoes
destructive enzymatic autolysis and
microbial putrefaction without intervention.

e Chemical Stabilization: Immersion in
10% Neutral Buffered Formalin (NBF)
physically halts degradation by
forming covalent methylene cross-links
between amino acids.

D

e Time Dependency: Optimal

fixation requires 6 to 48 hours
to ensure complete chemical
penetration without over-
hardening the outer layers.

Clinical Relevance: Flawless
fixation is non-negotiable; delayed
immersion permanently

destroys cellular morphology

and degrades critical antigens

needed for oncology therapies. Methylene
Bridge
(-CHy")

Protein Chain A Cross-Linking Protein Chain B
Reaction

@

Clinical Speaker Note: Fixation with 10% formalin is the first and most critical step. Any delay
causes tissue autolysis and permanently destroys vital biomarkers for targeted chemotherapy.

)




Gross Examination: Mapping the Macroscopic Architecture

» Measure & Document: Pathologists photograph, weigh,
and precisely measure the specimen in three dimensions.

» Inking Margins: Surgical boundaries are painted with
permanent dyes to assess complete excision under the

Speaker Notes (Persian): MICroscope.
Mjsj&?hbq' T cudlei UJl)Ji:E ((ff..ssmgé) Ll’jsgsw 935 ;i s » Strategic Sampling: Only the most critical diagnostic areas
#e ol nehic gt 5 il f"s L:&‘ i (lesions, nodes, margins) are selected and placed into
. i il iy o cassettes for processing.
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Decoding Disease Through the Pathological Pipeline

@ 0 » N x ¥

iy Ve~ =

The Physical Anchor The Optical Revelation The Digital Evolution

The Physical Anchor: Halting The Chemical Transformation: The Optical Revelation: Applying The Digital Evolution: Hamessing | | The Clinical Synthesis:

cellular degradation immediately Utilizing automated processingand | | sequential dyes and targeted high-fidelity slide scanners and Standardizing microscopic findings ‘
post-excision to preserve true microtomy to render tissue antibodies to unmask cellular deep learning to quantify ‘ into actionable, computer-readable
anatomical morphology. translucent and structurally sound. atypia and cancer biomarkers. predictive oncological data. synoptic reports for patient care. ‘

Clinical Speaker Note: Welcome. This presentation explores the amazing journey of a ]

tissue specimen from surgery to final diagnosis. We will review the path of transforming
l physical tissue into digital and intelligent data to guide patient treatment. J
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barcode generation links the physical
tissue to the patient's electronic health
record, preventing pre-analytical mislabeling.
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excised tissue immediately undergoes
destructive enzymatic autolysis and
microbial putrefaction without intervention.

e Chemical Stabilization: Immersion in
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physically halts degradation by
forming covalent methylene cross-links
between amino acids.
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e Time Dependency: Optimal

fixation requires 6 to 48 hours
to ensure complete chemical
penetration without over-
hardening the outer layers.

Clinical Relevance: Flawless
fixation is non-negotiable; delayed
immersion permanently

destroys cellular morphology

and degrades critical antigens

needed for oncology therapies. Methylene
Bridge
(-CHy")

Protein Chain A Cross-Linking Protein Chain B
Reaction

@

Clinical Speaker Note: Fixation with 10% formalin is the first and most critical step. Any delay
causes tissue autolysis and permanently destroys vital biomarkers for targeted chemotherapy.
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The 10-Step Histology Pipeline

Node 1
Grossing: Trim to Node 2
3-4mm Fixation: 10% formalin

thickness. cross-links proteins.

Node 3
Dehydration: Graded
ethanol removes water.

Node 4

the ethanol.

Node 5
Infiltration: Molten
paraffin wax permeates.

Node 6
Embedding: Orient in
solid wax block.

Node 7
Sectioning: Microtome
cuts 3-5um ribbons.

Node 8
Staining: Hematoxylin
& Eosin (H&E).

Mounting: Protective
coverslip applied.

Clearing: Xylene replaces

Node 10
Archiving: Labeled for
retrospective analysis.
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The Tissue Transformation Matrix

Embedding

Processing Flowchart

@

Fixation
@ (Formalin)
Dehydration
(Alcohol)
Clearing
(Xylene)

Infiltration
(Paraffin)

Instructor Notes

Speaker Notes (Persian):
S B9S2 45 330 Gl gmyile o2l
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Microtomy Slide Preparation
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The Chemical Swap: Preparing Tissue for the Microtome

Biological tissue is mostly water. To slice it 3-5 micrometers thin, the water must be entirely replaced
by solid paraffin wax without collapsing the cellular architecture.

1. Dehydration (Ethanol) 2. Clearing (Xylene) 3. Infiltration (Paraffin)

Ascending concentrations of alcohol Because paraffin and alcohol repel each Tissues are submerged in molten paraffin
physically push water out of the other, a transitional solvent (Xylene) (58-60°C). Wax permeates the cleared
cross-linked tissue. displaces the alcohol, rendering the tissue, filling spaces previously occupied
tissue transparent. by intercellular fluid.
A NotebookLM



The Microtomy Shave: Translating 3D to 2D

@ The Microtome: A precision
mechanical instrument operating
at the micrometre scale.

© Thickness: Sections are cut at 3
to 5 micrometres (um)—roughly
the thickness of a single red
blood cell.

@ Spatial Awareness: A circular
shape on a slide may represent a
sphere, a cross-section of a tube,
or a tangentially cut cylinder.

Instructor Notes
Speaker Notes (Persian): ;3 Iy c8b pg39,Sue o&iws
WSS ol S0 A8 0 Sy A0S O G Y slacwls

23 6EuRI R (S 93 Q98w Sae 1) 38 dzuil 45 Cuwl pge
sl (Sd duw HUS Ll &_J‘ Wy &5|3
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The Chemical Language of H&E Staining

activity.

Haematoxylin (Basic Dye)

Binds to acidic structures (DNA/RNA).
Stains the Nucleus dark blue/purple.
Indicates cellular density and mitotic

Instructor Notes

Speaker Notes (Persian):
(H&E) ()il 9 kS gilods (5520155
oS gilads .Cawl (55950 (b 3)latinl
9 pandgiaw (325931 9 (2 1) (g3awl (gl
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Eosin (Acidic Dye)

Binds to basic structures (proteins).
Stains the Cytoplasm and Collagen
Reveals cellular architecture and
connective tissue boundaries.

pink.
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Visualizing Cellular Morphology with the H&E Protocol .

Wax Removal and Rehydration: —
Slides are immersed in xylene to
strip the paraffin barrier, then
rehydrated through descending
alcohols to accept aqueous dyes.

Nuclear Targeting (Hematoxylin): —
A basic dye that targets basophilic
structures, rendering DNA,

heterochromatin, and nucleoli a
stark, dark purplish-blue.

— Cytoplasmic Contrast (Eosin):
An acidic counterstain that binds
to basic intracellular proteins,
rendering cytoplasm, collagen,
and erythrocytes in bright pinks.

— Resin Coverslipping: Stained
slides are permanently sealed
under a microscopic glass cover

J

Clinical Relevance: This rapid binary contrast allows
pathologists to instantly flag severe nuclear atypia,
hyperchromasia, and architectural invasion.

allow rapid identification of morphological abnormalities and cancer cells.

@‘)) Clinical Speaker Note: The Hematoxylin-Eosin (H&E) stain is the gold standard of pathology. Dark blue nuclei and pink W \

with a synthetic resin to match
the refractive index of light.

7

) .
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Unmasking Epitopes for Targeted Immunohistochemistry

Clinical Molecular Mechanism-of-action

Formalin Thermal/Energy s ° 2
Unmasking .

Step 1: Protein Masked by Formalin Locks Step 2: Locks Broken by Heat/Energy Step 3: Antibody Binds to Unmasked Epitope

The Fixation Dilemma = Thermal Unmasking (HIER) | | 3 Enzymatic Cleavage (PIER) \Y/ Antibody Visualization
While formalin cross-linking perfectly High-temperature buffer baths = Selective application of proteases Once unmasked, highly specific
preserves anatomy, it physically folds (citrate or Tris-EDTA) physically snap digests stubborn cross-links, utilized fluorescent or chromogenic

and masks target proteins, rendering methylene bridges, allowing proteins carefully to avoid destroying delicate antibodies bind to precise cellular

them invisible to antibodies. to unfold into native states. tissue architecture. targets.

~r patient eligibility for highly targeted immunotherapies (e.g., HER2, PD-L1).

e —
( @ Clinical Relevance: IHC definitively identifies exact tumor origins and establishes}

Cﬂ')) Clinical Speaker Note: To accurately identify tumor types, Antigen Retrieval (HIER) breaks formalin bonds so
antibodies can bind to specific biomarkers—a crucial step in personalized medicine.
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Diagnostic Modalities: Histopathology vs. Cytopathology

‘ Histopathology @ Cytopathology @3@%@29 >

£ Sample Type Solid tissue fragments. Free cells / fluid suspensions.
. : : o Fine Needle Aspiration (FNA), smears,
¢ Sampling Method Core biopsy, surgical excision. body e
- : : . Absent (evaluates isolated cellular
o Architecture Preserved (shows tissue invasion). morphology only).
® Turnaround Time Days. Hours.
ahie v Definitive grading, staging, and Rapid, minimally invasive screening
[ Clinical Utility architectural context. and triage.
L ( Instructor Notes
~—0 Speaker Notes (Persian): Cul 3s3 aidl> 5o 5l g 1S 0 bis 1) S8l (5 lere 5590930 giuad A0S s0 LS 1) sadlS sl gli5 Jgam oyl
900 03l 340 (5o gl a0 S SN SE 812 S5V PL g &S Il 50 sl 3B s
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The Cytopathology Sampling Ecosystem
A

7 T )

Exfoliative Smears Fine Needle Aspiration (FNA) Fluid Cytology

(T

—

Gentle scraping to harvest Vacuum-assisted extraction of Concentration of spontaneously
naturally shedding cells for early cellular material from palpable or shed cells floating in body
dysplasia screening ultrasound-guided solid masses cavities or excretions

Instructor Notes

Speaker Notes (Persian):
1S (0 0ol diges (59102 sl bl Shg) dw I (G3eleibgiaw
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Maximizing Diagnostic Adequacy with Targeted Sampling and ROSE

4 AR
L
ROSE /2NN
Workflow (Rl
[\
3. Pathologist 2. Rapid Stain
Adequacy OK (Diff-Quik)
\. S
Rapid On-Site Evaluation (ROSE): Pathologists stain smears chair-side
using ultra-fast Diff-Qulk stains to evaluate cellular adequacy while the
Deep Lesion Extraction: Fine Needle Aspiration (FNA) utilizes thin eSS D.the patlent.
; o - Instantaneous Triage: Live feedback confirms if enough diagnostic
ﬁ ggggeaggsg;%sc t&:ssfg'g harvest cells from deep lymph nodes, thyroid, I_E% tumor cells are present, allowing immediate allocation of extra passes
Ph p AR S | | . : : for flow cytometry or molecular genetics.
ysics of Aspiration: Suction employs active syringe vacuum to P ; o - . :
H dislodge dense fibrotic cells, while the Capillary technique relies solely ﬁ,';'},'ggf,aﬁg'fg’ﬁu'}f:‘pﬁg\%ﬁﬂ?'&;ﬁ ?r?\?:;iz\}ngirgglstilegzyn\évalts i
on tissue pressure to avoid blood dilution in vascular tumors. Q accelerating oncolbgy referrals.

U:})) Clinical Speaker Note: Rapid On-Site Evaluation (ROSE) allows the pathologist to confirm sample
adequacy during the FNA procedure. This prevents the need for painful repeat biopsies.

i




Optimizing Cellular Yield via Liquid-Based Cytology

Conventional Smear Liquid-Based Cytology (LBC)

Cytological Premise: Evaluating individually exfoliated cells for O Liquid-Based Cytology (LBC): High primarter collection metics do'mat
precancerous dysplasia rather than intact tissue architecture. alenolayer to nemennatial noor and nono-inw calentc'elenad urantings.

Q Conventional Vulnerabilities: Direct smearing discards cells on the brush Automated Monolayers: LBC instruments actively filter out inflammatory
and introduces rapid air-drying artifacts, obscuring bload, and thick mucus. debris and deposit a mathematically uniform, single layer of pristine

o . : S : e : diagnostic cells.
U Liquid Suspension Protection: Rinsing the collection device directly into

; o ; s Clinical Relevance: LBC drastically reduces false negatives while
;;'flrfglgt”i’czsl ggggy 100= ot thelspncstic Vielandalts @& preserving residual fluid for critical downstream molecular screening
! y (high-risk HPV typing).

El:] )) Clinical Speaker Note: The traditional Pap smear had many errors due to drying and cell overlap. Liquid-Based
Cytology (LBC) solved this by creating a clean layer and allowing simultaneous HPV testing.




Standardizing Cytopatholopy Diagnoses

with the Bethesda System

(L Specimen Adequacy J

Must contain a minimum of 5,000
well-preserved squamous cells.

A

4

‘ 4 ¥
T

Negative for Intraepithelial Atypical squamous cells requiring Low-Grade changes showing High-Grade lesions mandating
Lesion or Malignancy. HPV tnage or colposcopy. hyperchromatic nuclei and immediate surgical intervention.
HPV-induced koilocytes.

7~

must contain an absolute minimum of 5,000
well-preserved squamous cells to be diagnostic.

Specimen Adequacy:
g A rigorous algorithmic baseline; LBC specimens

NILM Baseline: Atypical Triage (ASC-US/ASC-H): Low-Grade Changes (LSIL): - Clinical Relevance (HSIL):

A definitive confirmation of Squamous cells exhibiting P Morphological proof of transient f"' Severe nuclear-to-cytoplasmic
normal cellular turnover without unexplained nuclear atypia that < viral infection, typically managed ~~ ratio inversion (CIN 2/3), acting
neoplastic evidence. fall short of definitive dysplasia. conservatively. as an urgent red flag. J

\

( G:] )) Clinical Speaker Note: The Bethesda System is the intemational standard language for Pap smear reporting. 1
It classifies cells from normal to severe dysplasia, determining the need for clinical intervention.

J y
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Cellular Triage: HPV Testing Pathways

Context lier a, premium, and highly structured editorial design.
HPV testing is a triage mechanism for equivocal results, not a
diagnostic tool for known high-grade lesions.

DO Use HPV Testing

ASC-US results.

}

ASC-L results.

R

|

Adjunct to cytologyin
women 2 30 years old.

| r
\

Post-menopausal

routine screening.

HSIL, LSIL, ASC-H, AGC,
AIS. (Treatment/Colposcopy

is required regardless of HPV
status).

Unsatisfactory Pap Test
results.

DO NOT Use HPV Testing

A) NotebookLM



Driving Surgical Decisions: The Bethesda Algorithm

Input: Thyroid Nodule -> Ultrasound-guided FNA

é

g —

lI/IV. Atypia/Follicular

V. Suspicious for

4

I. Non-diagnostic Il. Benign Neoplasm Malignancy VI. Malignant
Action: Action: Clinical Action: Action: Action: Total
Repeat FNA. follow-up. Molecular testing Near-total thyroidectomy.
or diagnostic thyroidectomy.

Instructor Notes

Speaker Notes (Persian):

Calud 0925 3l e digad SQ Udg 5 SS9 (gl Mty plnensw
S Losiiane (559l gk Il jb Lol S50k g >y
S50 12925 |y pateiie ()b pludl

lobectomy.
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FROZEN SECTION -

Rapid Intraoperative Diagnosis

© ;>1’¢ FAST » ACCURATE + INTRAOPERATIVE DECISIONS s
SPECIMEN oCcT » CRYOSTAT » MICROTOME RAPID MICROSCOPIC
RECEIPT EMBEDDING FREEZING SECTIONING H&E STAINING DIAGNOSIS
-20°C

Tissue embedded in

OCT compound for

support and optimal
sectioning.

Specimen received fresh
from the operating room.
Checked, oriented and

trimmed as needed.

5-8 um

Embedded tissue rapidly
frozen in cryostat at
-20°C to -30°C.

—
CLINICAL IMPORTANCE

* Provides real-time information during surgery.

* Helps in immediate decision making.

e Reduces the need for reoperation.

* Improves patient outcomes and resource utilization.

e Enhances communication between surgeon
and pathologist.

Tissue sectioned using
cryostat microtome at
5-8 pm thickness.

COMMON USES

e Margin assessment in tumor resections

e Sentinel lymph node evaluation

« Evaluation of mass lesions (benign vs malignant)
e Assessment of tissue viability

¢ Identification of metastasis

e Parathyroid tissue identification

e CNS lesions and intraoperative consultations

Sections rapidly stained
with Hematoxylin & Eesin

2 N
LIMITATIONS

Pathologist examines
the slide and provides
a rapid diagnosis to
guide surgical management.

for evaluation.

Limited tissue preservation and morphology.
Freezing artifacts may mimic pathology.

Fat and decalcified bone are difficult to assess.

Not suitable for broad panels of ancillary tests

(e.g., IHC, molecular studies).

Diagnostic accuracy lower than permanent sections.
(Reported accuracy ~90-95%)




End-to-End Clinical Synthesis: Breast Mass Pathway

kf

A L &

o EN00 NS0 R T

Day 1: Presentation Day 2: Biopsy
Patient presents with Surgeon performs
palpable breast mass.  ultrasound-guided core
Ultrasound identifies needle biopsy
suspicious lesion (Surgery).
(Radiology).

Instructor Notes:
Speaker Notes (Persian):

S b lay 42a) ja dBal Gl AIS e Jeala ph 4y 1 Jal ye plad Bl Gl
&3)5@\4-3)53&’1“_@ lb&iﬁlﬁjiJJ&j‘J_}#&ﬁ’HG&oJ’:

Day 3-4: The Pipeline

Tissue enters the lab.
Processed, embedded,
cut, and stained
(Pathology).

Day 5: Diagnosis

Pathologist identifies
Invasive Ductal
Carcinoma.
ER/PR/HER2 receptor
status confirmed via
molecular staining.

Day 7: Action

Oncology formulates a
targeted neo-adjuvant
chemotherapy plan
based entirely on the
receptor profile
(Oncology).

A\ NotebookLM



The Pixel Shift: Digitizing Pathology

&
The physical glass slide—prepared through digitizatio 0 e deployment of advance
precise fixation, clearing, and staining—is | # : al intelligence algo and standardized
transformed into a Whole Slide Image (WSI). VENTATE electronic repo g pathology fro hie

N DP 200 al ation to objective data ana
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Digitizing the Microscope for Whole Slide Imaging

‘»w
]
15

T

il

§ LY S

""‘.

w—-vu,
-y -

FNEN
g

of‘“" High-Throughput Optical to Digital Instant 0,7 | Ergonomic > Clinical
2\ Digitization Bridging Telepathology (= Evolution (© Relevance
Automated robotic scanners Advanced trinocular camera Digitization untethers the WSI liberates pathologists Glass slides degrade, fade,
utilize 20x or 40x objective setups on analog diagnosis from a physical from the physical constraints and break over time; WSI
lenses to capture and microscopes bridge the location, allowing and visual fatigue of analog creates a permanent,
algorithmically stitch together physical gap, allowing instantaneous, secure routing eyepieces, transforming pristine, pixel-perfect
massive gigapixel files. real-time digital screen to sub-specialist experts diagnosis into a collaborative, archive for longitudinal
capture from the wet lab. anywhere in the world. multi-monitor experience. cancer tracking.

(})) Clinical Speaker Note: Whole Slide Imaging (WSI) systems convert glass slides into massive digital files.
This revolutionary technology enables remote consultation and eliminates eye fatigue for pathologists.

-



The Digital Telepathology Network

S0P NBERLTEREEDS

Whole Slide Imaging
Converting physical tissue

sections into gigapixel digital
assets.

Instructor Notes

Speaker Notes (Persian):
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Al Node

V- _ <\
®

d
. 4

Al A ance 3 Telepathology
Algorithms pre-screen slides Erasing geographical barriers
for rare events (e.g., micro- to connect complex cases
metastases) and quantify with global sub-specialty

biomarkers automatically. experts instantly.
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Amplifying Diagnostic Precision with Artificial Intelligence

> Algorithmic Screening

at Scale:

Deep learning models act as a
tireless secondary reviewer,

rapidly scanning massive
gigapixel images to flag
subtle micro-metastases or
rare isolated tumor cells.

Automated
Architectural Mapping:

Al automatically delineates
complex boundaries
between benign glands,
reactive stroma, and
invasive carcinoma,
accelerating diagnostic
triage.
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Clinical Relevance: Al does not replace pathologists; it

supercharges their accuracy, ensuring oncologists receive

the fastest, most mathematically precise data possible.

Removing Subjectivity:

Machine learning precisely
quantifies tricky
immunohistochemical stains
(like the Ki-67 proliferation
index) cell-by-cell, ensuring
high inter-observer
reproducibility.

Morphological
Predictive Analytics:

Cutting-edge neural
networks can now predict
underlying genetic
mutations and targeted
therapy response directly
from routine H&E
morphology patterns.

f U:})) Clinical Speaker Note: Artificial Intelllgence acts as a tireless assnstant dellneatmg tumor
margins and quantlfylng blomarkers to prowde the hlghest level of dlagnostlc accuracy.




From Visuals to Variables: CAP Synoptic Reporting

Diagnostics only improve patient outcomes if referring physicians can instantly locate key data.
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The Gold Standard

College of American
Pathologists (CAP) electronic
Cancer Protocols (eCP).

Adoption

Utilized by 45% of US

hospitals with >400 beds.

Integration

Built directly into AP-LIS
workflows (powered by
mTuitive) for real-time
biomarker templates.

Impact

Standardizes multi-site
processes, ensures compliance,
and directly feeds structured
clinical cancer research.
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The Interdependent Diagnostic Ecosystem

“Garbage in, garbage out.” The most advanced Al scoring systems and standardized
reporting protocols will fail if upstream tissue processing is compromised.

The Cascading Impact

| &
Poor Fixation / Incomplete Clearing ——» 4 ‘\
Weak morphological preservation
and distorted architecture. : D'g'tal & A' a ‘f <
' Algorithms

Staining Failure

Al algorithms cannot accurately
calculate HER2 or TROP2
membrane ratios, leading to false
companion diagnostic results.

» Distorted Architecture ) .
Human misinterpretation (e.g., Human Diagnosis
classifying benign as ASC-H).

- .S

"b« Pre-AnaIytlcaI Lab Varlables y L <

Clinical clarity requires flawless execution from the clinic spatula to the software code.
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Structuring Clinical Data Through CAP Synoptic Reporting

—=—— CHAOS / NARRATIVE VULNERABILITY i=v ORDER / STRUCTURED CAP SYNOPTIC TEMPLATE
i : ; . — \ i . . R
patient presented with a 3em mass in the left breast, biopsy showed invasive ductal CAP Synoptic Protocol for Invasive Breast Cancer
carcinoma, grade 2, margins were close, but not ctearly involved, irvasive involved,
gme;rgms \|~ere closedthJt nothcleadriy involved. Elot[vnr;g r?lssmg or gulned data. v Procedure: [ ] Excisional Biopsy, [X] Mastectomy
efinitively assessed. Lymph nodes were not definitively aseessed, lymprs were not -
definitively assessed. In otherme resemoiatitoin-nformative carnoion onekint be ELUmOL SFte.. B Left Breast, Upper Outer Quadrant
continured, estrogen receptor status is pendiog. Histrogen nomestive, margins were + Tumor Size:  [3.0] cm
ntoonclued. HERZ is inconclusive, wivie ductal carcinoma, estrogen receptor status + Histologic Type: Invasive Ductal Carcinoma
is pending, staging. is incomplete due to missing parameters. in other lendinal + Histologic Grade: [x] Grade 2
parameterx stam.lin ktw aftex carcinoma, and carcinoma cruts. When hicding white mask s ?
impths are batamatirally by a minior carcinoma or onteoon parainomas. Not staging + Tumor Focality: [X] Unifocal
involved is seiling at uncorinuned content into the inodation atomiment the omrio mod Margins: [ 1Involved, [X] Not Involved,  [Distance: 0.2 cm]
deconnectulated onttryien receptor status on the ductal in carcinoma. HER2 is comiplete. v Lymphovascular Invasion: [X] Present, [ ] Absent
contrmated:timeivess of pkrore antornatics manrenstnast en to inai:dprancnonanmaitine : - o,
at tavmer on cancer, snalitsec and imolivenerat cinacinomis. while lymph node v Regional Lymph Nodes: Positive (2/5)
complvwrates war granasoived, for freat iymph nodes anssiive etasis, tronstinoma, + TNM Staging:  T(2], N(1], M[0]
beniciery or promiund filei rapoved, but stesaiiy incenciusive irut cnait data -meanabing, + ER Status:  [¥] Positive v PR Status: [X] Negative
+HER2 iinconclusive and morrepored, staging is incomplete due to missing parameters. + HER2 Status: [ Positive (3+) v Ki-67: [X] High (>20%) ;
J . _i/
‘% The Narrative Evidence-Based B LIS Accelerated Clinical <> Clinical
=1 Vulnerability: LAs Standardization: \,@ Interoperability: Efficiency: (Y Relevance:
_Traditional paragraph-style The College of American Synoptic reporting forces Multidisciplinary tumor boards Structured data ensures that
dictates frequently omit critical Pathologists (CAP) protocols diagnostic data into uniform, can instantly locate pivotal no patient begins a brutal
staging parameters, severely establish the global “gold computer-readable formats elements (margin distance, chemotherapy regimen or
delaying downstream surgical standard" templates, enforcing that integrate directly into the vascular invasion, lymph node _ invasive surgery with an
and oncological planning. mandatory reporting elements Laboratory Information status) without deciphering incomplete biological profile.
for every specific tumor type. System (LIS) and EHR. dense text blocks.

(})) Clinical Speaker Note: Synoptic Reporting (CAP) replaces confusing texts by providing all wtal
tumor factors in a standardized checklist format to the surgical and and oncology teams P




Algorithmic Decision Support

Al algorithms (e.g., Roche uPath / navify) automatically classify cells
and provide assay-specific scoring.

FDA-cleared algorithms for HER2
(4B5), TROP2 membrane ratios
(NSCLC), PD-L1, ER, PR, and Ki-67.

Normalizes subjective visual
interpretation into reproducible
numerical scores.

Workflow Velocity

Proven to enhance pathologist
reporting efficiency, demonstrating
up to a 66.8% reduction in
turnaround time.

A NotebookLM



The Future: Precision Medicine & Molecular Pathology

Genomic
Sequencing

o r——

The
Modern
Pathology
Lab

Digital Al
Diagnostics \

Targeted
Therapeutics

Instructor Notes:
Speaker Notes (Persian):

S 90 gl 3 g3on W plaw JSi (gne s 4o g 803 559V
553 sl 9 ALy (SIS (I Gl 5 A9 9a s )50l
A 4 JiSGS ) (Precision Medicine) sad s jlw pad

5

)

Moving beyond cellular
morphology (what it looks like)
to molecular profiling (how it
behaves).

|dentifying specific genetic
mutations (e.g., EGFR, BRAF)
directly from tissue blocks.

Developing bespoke, patient-
specific treatment protocols
rather than broad-spectrum
therapies.

A NotebookLM



Anatomy of a Pathology Report: A Clinician’s Map

Instructor Notes

Speaker Notes (Persian):
53 5 o G3lg> Ulel (il Sy S sl
Veusiin sy ol (5)9:40 ST9leil L)liS
Caudg dox> jl ool (yiees Jold « algi
Cawl yg093 (Sabal>p0 9 >z slaaudl>

" CLINICAL HISTORY

lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore ut
labore et dolore magna aliqua.

GROSS DESCRIPTION

lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore ut
labore et dolore magna aliqua.

MICROSCOPIC FINDINGS

lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore ut
labore et dolore magna aliqua.

|
lorem ipsum dolor sit amet, consectetur adipiscing

elit, sed do eiusmod tempor incididunt ut labore ut
labore et dolore magna aliqua.




Anchoring Multidisciplinary Patient Care on Pathology Outcomes

Surgeons
Guiding the Scalpel:

Precision margin reporting
definitively dictates whether

a patient is surgically
cured or must urgently
return to the operating

———————

2

room for re-excision.

The Pathology

Diagnosis

Radiation - —
Oncologists —
The Definitive Arbiter: No = 3
major oncological resection,
radiation, or systemic
chemotherapy commences ®

without absolute histological

confirmation from the
pathology department.

@

.  Clinical Relevance: The pathologist operates as the
3 @ master navigator of the patient's entire clinical trajectory,
translating microscopic biology into survival strategies.

CIlmcal Speaker Note: The pathology diagnosis is the axis of all medical decisions; this report determmes
if the e surgery was successful which drug should be prescnbed and the patlent S treatment tuture

Medical Oncologists

Targeting the Therapy:
Identification of specific tumor
grades and molecular receptor
profiles acts as the absolute
gatekeeper for a patient's
eligibility for advanced
immunotherapies.

Epidemiological
Registries

Fueling Global Research:
Aggregated, standardized
synoptic data continuously
feeds national cancer
registries, directly enabling
large-scale clinical trials and
public health interventions.




Synthesizing the Modern Pathological Ecosystem

———————————

The Clini The Wet Lab

L GRIGE

The Digital Realm

* The Unbroken Chain: A patient's survival depends on the flawless, sequential execution of physical handling, precise chemistry,
and digital analytics.

» Pre-Analytical Permanence: Advanced Al and complex immunostaining can never salvage or reverse the damage of delayed
fixation or poor surgical grossing.

* The Technological Leap: Evolving from analog smears and narrative paragraphs to Liquid-Based Cytology and algorithmic
synoptic reports minimizes diagnostic variance.

 The Invisibie Healers: Pathologists combine deep morphological expertise with cutting-edge data science to decode the silent
language of disease.

» Clinical Relevance: Behind every successful oncology outcome is a robust, highly standardized pathology laboratory operating at
the intersection of science and technology.

(])) Clinical Speaker Note: Modern pathology is a continuous ecosystem of clinical art, precise chemistry, and artificial |
mtelllgence Pathologlsts act as the hidden champlons ||Ium|natmg the dark path of dnsease toward a cure.




The Engine of Clinical Certainty

Physical Slide r Digital Data Point
The Specimen’s Journey The Clinical Compass The Ultimate Goal
A rigorous physical and chemical Over 70% of all objective clinical Translating cellular patterns into
transformation ensuring decisions are based directly on life-saving medical action.
diagnostic accuracy. pathology laboratory results.

Instructor Notes:

Speaker Notes (Persian): (iw :audlb azdld ob 4 woail ol olgie 4
Swlg3 (55993b oliulejl Al (il 5 lads Sl Olasendi 3l dopd V-
Sl loys slaicdad (5390950 090 A NotebookLM
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