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Molecular Testing in Oncology
Solid Tumors

Samples

« Formalin-fixed paraffin embedded tissue
« Cytology (smears, cell block)
* Liquid biopsy

Material quality

« Formalin fixation — crosslinking of DNA
 Alcohol fixed tissue

Avoid

« Heavy metal fixatives (B5)
 Acidic fixatives (Bouin’s)

« Decalcifying solutions (HCI based)



Solid tumor testing — sample selection

Review of pathology records, review of H&E slides

BIOMARKER TESTING

Tumor block: A1
Mormal block: C3

What to test - Primary vs. metastasis?

For most biomarkers, metastatic tumor is preferred, but
primary tumor is also adequate

Testing of recurrence - in cases of acquired resistance

- & — Lung adenocarcinoma, EGFR p.T790M
acquired resistance to TKils



Solid tumor testing — sample selection
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Solid tumor testing — sample selection

Master

COLLEGE of AMERICAN
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Molecular Pathology
Checklist

CAP Accreditation Program

*REVISED** 08/21/2017
MOL.32395 Neoplastic Cell Content Phase Il

For paraffin-embedded tumor specimens from which DNA or RNA is extracted for analysis
(e.g. microsatellite instability, KRAS or KIT analysis), there is a record of histological
assessment of neoplastic cell content.

NOTE: In addition to confirming the presence or absence of neoplastic cells by a pathologist, it
may be necessary for some assays to estimate and consider neoplastic cellularity in relation to
the lower limit of detection of the assay.

A corresponding H&E section from the same tissue block used for nucleic acid extraction may
be used to assess sample adequacy. Alternatively, a stain such as toluidine blue may be used
to stain the slide that is being used for nucleic acid extraction. When assessment of sample
adequacy is performed outside of the testing laboratory, a record of such assessment must
accompany the sample.

This requirement is applicable to all molecular methods for the detection of sequence variants
(e.g. Sanger sequencing, NGS, PCR).

CAP Accreditation Program. Molecular Pathology Checklist. 08.21.2017



Solid tumor testing —
Assessment of sample adequacy

Material quantity -
 DNA, RNA, number of cells

* Requirements depend on the test

- Sufficient material for diagnosis #
sufficient material for testing

Tumor content
e 9% of tumor cells
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Solid tumor testing —
Assessment of sample adequacy

Carcinoma of unknown primary

Mucinous adenocarcinoma with signet ring cells

Sufficient material for diagnosis # sufficient material for testing



Inadequate/insufficient samples - QNS

Master
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MOL.32375 Physician Notification Phase Il

The submitting physician (or requester) is promptly notified when a specimen is
inadequate or if insufficient nucleic acid is isolated.

Evidence of Compliance:
v Records of physician notification of inadequate specimen in patient record or log

CAP Accreditation Program. Molecular Pathology Checklist. 08.21.2017



Assessment of tumor content

Tumor cells

Tumor percentage

s NEVER 100% %@

Bystanders
e o Do
(H @’@

Lymphocytes

Fibroblasts




Tumor content vs. Mutant allele fraction

« Biomarkers %@
- Oncogenes @

- Tumor suppressor genes

* Heterozygous complement / |
% of mutant DNA = Tumor percentage / 2 |

N

« Sensitivity of the assay
5% (10% of tumor cells)

20% - minimal acceptable
tumor content



Assessment of tumor content

CAP Laboratory Improvement Programs

A Prospective, Multi-Institutional Diagnostic Trial
to Determine Pathologist Accuracy
in Estimation of Percentage of Malignant Cells

Hollis Viray, BS; Kevin Li; Thomas A. Long, MPH, Patricia Vasalos, BS; Julia A. Bridge, MD; Lawrence J. Jennings, MD;
Kevin C. Halling, MD; Meera Hameed, MD; David L. Rimm, MD, PhD

® Context.—The fraction of malignant cells in tumor tissue Results.—Survey responses indicated low interlabora-
submitted for tests of genetic alterations is a critical  tory precision of pathologist estimation, but mean esti-
variablt_e in testing accuracy, That ffa‘:ti?" is_currently mates were fairly accurate. A total of 5 of the 10 cases
determined by pathologist visual estimation of the per- assessed showed more than 10% of respondents overesti-

centase of malienant cells. Inaccuracv could lead to a

Arch Pathol Lab Med—Vol 137, November 2013



Assessment of tumor content

CAP Laboratory Improvement Programs

@ MODERN PATHOLOGY (2014) 27, 168-174
168 © 2014 USCAP, Inc All rights reserved 0893-3952/14 $32.00

The estimation of tumor cell percentage
for molecular testing by pathologists is
not accurate

Alexander JJ Smits 12, J Alain Kummer!, Peter C de Bruin!, Mij ke Bol?,
Jan G van den Tweelz Kees A Seldenrij k1 Stefan M Wﬂlems G Johan A Offerhaus?,
Roel A de Weger?, Paul ] van Diest? dlld Ar yan Vink?

IDepartment of Pathology, St. Antonius Hospital, Nieuwegein, The Netherlands and Department of
Pathology, University Medical Center, Utrecht, The Netherlands

Modern Pathology (2014) 27, 168-174



Assessment of tumor content

CAP Laboratory Improvement Programs

@ MoDERN PATHOLOGY (2014) 27, 168-174
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ORIGINAL ARTICLE

Adequately defining tumor cell proportion in tissue samples

for molecular testing improves interobserver reproducibility
of its assessment

Benoit Lhermitte' (3 « Caroline Egele? - Noélle Weingertner' - Damien Ambrosetti® «
Bérengére Dadone” - Valérie Kubinick* - Fanny Burel-Vandenbos® - John Coyne”
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Tumor enrichment strategies

Selection of the best tumor-rich block
Dissection of the tumor

5.Do you use macrodissection or mlcrodlssectlon to enrich ce!l populatmns before

testing? .. . Nolabs(222)
Laser capture microdissection (LCM) ) 3
Manual microdissection (H&E slide is examined and marked by a pathologist for subsequent
tumor dissection under the light microscope)

Macrodissection (H&E slide is examined and marked by a pathologist for subsequent tumor
dissection without microscope)

Do not use micro- or macrodissection (whole tissue used for analysis) 22




Tumor enrichment strategies




Tumor enrichment strategies

Samples challenging to dissect

=3




Future of tumor enrichment

Immunohistochemical labeling of target cells
Transfer of the labeled cells onto the
polymer film using light energy - DNA
extraction

Several-fold increase in mutation allele
fraction detection

Rosenberg et al. PLoS One. 2016; 11(3): e0151775.

»

5% Target Cells in 95% Immunohistochemistry

Background Cells

xMD Film .
Remove xMD Film
XMD Film from Slide and
.. Extract
2 ® T Biomolecules
.
.
tiisis 1

Place xMD Film on Slide
and Flash
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Tumor enrichment strategies

How do we circle?

For FISH

X-tra™

## of tumor
cells required

For MDL

7,
X

X-tra™

## ng of DNA and
% tumor required



Tumor viabillity

* Viable tumor preferable

» Testing partially necrotic tumor can be attempted in the
absence of viable alternative

NRAS, Exon 3

c.182 A>G p.Q61R
17% AF




Tumor viabillity

A

Report Suggest

Filtered variant calls - 4 (35 total rows)

Mutation

NM_004385.3(KRAS).c.35G=A p.G12D

rs121313529

COSME21

e

FopFr’ T Gene HGYS T  dbSNP CosMIC dbCG Strand loc T Type Freg T

0 FTEN + Splice Indel 2744
(05 APC MM_000038 5{APC):c 4666dupA p.T1556f53 COSM18561 + Exon 16 Indel 30.83

2 TFE3 MM_000546 5{TF53):c B44C=T p R282w ra28934574 | COSMI0704 - Exon & SHY 4095

e Filtered variant calls - 4 {29 total rows)

Report  Suggest  PopFr/ Y Gene HGVS Y dbSHP COSMIC  dbCG  Strand loc Y Type Freg ¥
| Mutation ‘ 0 PTEN + Splice Indel 842
Mutation | Mutation 06 APC NM_000038 5(APC):c.4656dupd p T1556f5°3 COSM18561 z Exon 16 Indel 2452
: |E TP53 NM_000546 5(TP53):c. 844C>T p. R2E2W s28834574 | COSM10704 3 Exon 8 SHY 135

Courtesy of Dr. Russell Broaddus

- | HM 004985 3{KRAS)c 3665A p G120

KRAS G12D, 31% AF



What to test - FFPE vs. cytology?

Cytology specimens —
smears, cell blocks

Superior tissue/DNA

preservation compared to FFPE &
- Bl Arcila ME et al Acta Cytol. 2012:56(6):632-5

AL Liver, MO, FMA

DIAGNOSIS
HIGH GRADE CARCINOMA WITH FEATURES SUGGESTIVE OF NEUROENDOCRINE
DIFFERENTIATION

COMMENTS
Please see this patients concurrently acquired core needle biopsy I further evaluation.

IMsaration was contributory toward making the above diagnosis.

Fellow'Staff. SC/ SK
SR:65, 2CH

MDL CB: 300+

MDOL Pap: 4 8
MDLDQ: 2 5
FISHDC: 25




What to test - FFPE vs. cytology?

Cytology smears enriched in

tumor compared to core biopsy
-- AL L
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Cytologic Fine Needle Aspiration Tumor Fraction

Images, courtesy of Dr. Roy-Chowdhuri [2345: 3 Quantie Density Contours |

Modern Pathology (2017) 30, 499-508



Molecular testing on cytology
Salvaging the supernatant

FNA /
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Roy-Chowdhuri et al. Modern Pathology (2018)



Molecular testing on cytology
Salvaging the supernatant

Suggested sample distribution for ancillary testing

Direct smears

==

Cell block

Ve

-

!
FISH
analysis

|
Immunoperoxidase
studies

Roy-Chowdhuri et al.

Supernatant from
needle rinse

l

Mutation
analysis

Modern Pathology (2018)



Parallel testing tumor/normal
Why do we need normal ?

Germline polymorphisms

%@
Tumor Normal
%




Parallel testing tumor/normal
Why do we need normal ?

¥ *

Somatic vs. Germline status

tumor-only testing
 bioinformatic filtering (dbSNP, COSMIC etc.)
inadvertent filtering of somatic variants

 evaluation of the fraction of mutant allele in conjunction
with estimated tumor cellularity

less reliable in samples with greater than 50%
tumor cellularity



ormal tissue selection for germline
subtraction




Normal tissue selection for germline
subtraction

* Peripheral blood
 FFPE tissue

— Separate specimen

— Separate part
negative lymph node

— Separate block
negative margin

— Dissection from the
same block

%




Normal tissue selection in transplant
patients

Stem cell transplant patients
Two unique “germline”
complements (donor + recipient)
PB in a setting of 100% donor
chimerism - “inadequate” normal
Sample of choice
pre-transplant PB or
non-neoplastic FFPE block*

Chimera, South Italian red-figure kylix
C4th B.C., Musée du Louvre

* expect some donor’s blood contamination



Sample triage

Casze results:

B E 100% -

SPECIMEMS:
A. Pathology Requisition Specimen

PATHOLOGY REQUISITION
Thisis a non-printing requisition case type.

REG DATA INFORMATION

The following information is fromthe requisition data tab on this case. Thisis locked atfinal steps.

Pathology Reqguisition Details:
Additional testing has been requested on this patient. This is not a diagnostic report, but a summary of
which testing has been ordered and the testing status.

Pathology Services Comment:
MO MORMAL

MDL Tests:

BRAF Mutation

KRAS Mutation

MRAS Mutation

Peripheral Blood Germline Req

FISH Tests:
HERZ/neu

Immuno Tests:
M3 (MLH1, MSHZ2, MSHE PMS2)
HerZineu

Combination of FFPE
and cytology material

Prioritize testing if
material is limited



Sample triage

Casze results:

E

El 100% -

SPECIMENS:

A. Pathology Requisition Specimen

PATHOLOGY REQUISITION

Thisis a non-printing requisition case type.

REG DATA INFORMATION

=

The following information is fromthe requisition data tab on this case. Thisis locked atfinal steps.

Pathology Reqguisition Details:

Additional testing has been requested on this patient. This is not a diagnostic report, but a summary of

which testing has been ordered and the testing status.

Pathology Services Comment:
MO MORMAL

MDL Tests:

BRAF Mutation

MRAS Mutation

Peripheral Blood Germline Req

(FISH Tests:
HERZ/neu

-
Immuno Tests:

M3 (MLHT, MSHZ, MSHE, FMS2)

_HE!FE."FIELI

FNA - smears

Core biopsy/ cell block

Combination of FFPE
and cytology material

Prioritize testing if
material is limited



Solid tumors - Summary

Pre-testing specimen selection

Review of H&E cut with the unstained slides for MDL
Evaluation of overall material quantity

Evaluation and documentation of the tumor content
Sample distribution and test prioritization



Questions ???




