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The issue of molecular pathology

Emerging discipline within Pathology focusing on disease study and diagnosis 
through molecular investigation of organs, tissues or bodily fluids

Harris et al, Nat Rev Clin Oncol 2010
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• ISH: amplification, gene copy gain, gene deletion, translocation 
(break-apart ISH), BISH (morphology), mRNA content

• IHC: cellular antigens (nucleus, membrane, 
cytoplasm)phosphorylated substrates (morphology is 
maintained)

• RT-PCR, real-time PCR: fusion transcripts, mutations, mRNA 
levels, also in biological fluids and circulating cancer cells

• DNA/RNA sequencing: mutations, fusion genes, GEP
• Epigenetics: hypermethylation, acethylation

Molecular biomarker testing

NGS
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Taylor BS & Ladanyi M – J Pathol 2011

EGFR mutation

ALK fusion

Highly selective testing

KRAS mutation

Stepwise, single-gene testing 
algorithms tailored to specific cancers

Multiplex testing
Simultaneous multigene and 

multiplexed approach

DNA RNA

Multiplexed 
mutation testing

Multiplexed RNA 
profiling and fusion 
transcript detection

Genomic copy 
number profiling

Unbiased testing
Global and unbiased                        

whole-genome approach

DNA RNA

Whole-exome
(or genome) 
sequencing

Whole-transcriptome
sequencing (including 

paired ends)

Present Future

Molecular diagnostics
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• Subtyping 
• Oncogene addiction

– EGFR, ALK, ROS1 ☛ stand-alone gene;
– HER2, MET, BRAF, KRAS, RET ☛ NGS 

panel

• Immunohistochemistry for ALK/ROS1
• 5% sensitivity assay for EGFR T790M
• cfDNA for targetable mutations

– when the tissue is an issue

• Immunotherapy markers (PD-L1)

Advanced lung cancer (IIIB – IV)
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Advanced lung cancer (IIIB – IV)
• Subtyping

• biopsy, cytology 

• Oncogene addiction 
(EGFR, ALK, ROS1)

• Clinics (age, PS, 
comorbidities)

• Subtyping
• biopsy, cytology 

• PD-L1 expression (TPS)
• Clinics (age, PS, 

comorbidities)

No oncogene 
addiction
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Advanced lung cancer (IIIB – IV)

Ernani, JTD 2018;10(S3):S412-S421
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Parwise comparison 
of p40 and TTF1 IHC 
between biopsy/ 
cellblock (BCS)
samples and paired 
surgical specimens 
(SS) resulted in close 
correlation coefficients 
(by far > 0.9), revealing 
that BCS were as 
reliable as SS for 
rendering the definitive 
diagnoses

Minimalist subtyping to strategize

NON-SQUAMOUS

SQUAMOUS

“no p40, no squamous”
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Assessing molecular landscape
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Multiplex testing

Tumor mutation burden
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Advanced lung cancer (IIIB – IV)

• “Testing should extend beyond 
those molecular alterations for 
which targeted therapies are 
approved by regulatory 
agencies…to include molecular 
alterations for which there is 
compelling evidence of effective 
investigational targeted 
therapies (and immunotherapies) 
from published clinical trials”
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Advanced lung cancer (IIIB – IV)

“Must-test” biomarkers as single-
gene assay: standard of care for 
all patients

“Must-test” biomarkers:  
EGFR, ALK, ROS1, PD-L1 in all 
laboratories

☛

“Should-test” biomarkers: to 
direct patients to clinical trials (in 
larger gene panel)

“Should-test” biomarkers: 
expanded NGS panels (BRAF, 
MET, RET, HER2, KRAS)

☛

“Investigational” biomarkers: not 
yet applicable to clinical use ☛

“Investigational” biomarkers: 
all the other genes
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“Should-test” biomarkers

Lindeman et al, JTO 2018;13:323
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“Investigational” biomarkers
Lindeman et al, JTO 2017

Lindeman et al, JTO 2018;13:323
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Advanced lung cancer: ALK by IHC

IHC 2+/3+ using mAb 5A4 and/or D5F3
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Advanced lung cancer: ROS-1 by FISH

IHC 2+/3+ using mAb D4D6
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Molecular biology and lung cancer

1. Targeted therapy: 
new targets
– muts, fusions, CNVs
– driver variations
– actionable variations
– immune checkpoint

2. Tumor heterogeneity
– cancer biology
– drug resistance

3. Classification
– WHO & beyond
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Comparability among five assays on tumor cell staining

Each circle represents the mean of all scores (glass slide & digital combined)

PD-L1 assay for immunotherapy 

Tsao et al, JTO 2018

Moderate to strong reliability among all pathologists on tumor cell
scoring

Fleiss Kappa 
Statistics1

>0.90: Near perfect

0.80-0.90: Strong

0.60-0.79: Moderate

0.40-0.59: Weak

1McHugh ML. Biochemia Medica 2012;22:276-
82

Poor reliability for immune cell scoring

Fleiss Kappa Statistics       0.60-0.79: Moderate      0.40-0.59: Weak       0.21-0.39: Minimal



University of Milan

Pembro = pemetrexed + platin + pembro
Placebo = pemetrexed + platin + placebo

PD-L1 assessment for IT
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Quid ego nunc faciam? 

Mutation burden or surrogate
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Interpreting PD-L1 expression

Biomarker is “negative”
Oncogene addiction is absent
Therapy is unlikely to benefit

Biomarker is “positive”
Oncogene addiction is present

Therapy is more likely to benefit

Biomarker is at low 
levels

Biomarker is at 
intermediate levels

Biomarker is at high 
levels

1%, 5% 25% 50% 100%

Biological continuum of expression

What is positive? Where should we set the cut-offs?

Lower likelihood
of response

Higher likelihood
of response

Intermediate likelihood
of response

Differential effects depend upon a dose-response relationship

? ?
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Tumor mutation burden for IT
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n = 22  20    52  134    26    23    81    227   91    57  121   13    63    214   11   394   219   20    49   181   231  76   88    35   335  179   121  

Melanoma – RR 25–40%7−10

NSCLC – RR 19%4

Bladder – RR 26%6

Head and neck – RR 19.6%3

Ovarian – RR ~10–25%5

RCC – RR 5–15%2
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Mutation burden (WES, WGS, TNGS, mismatch repair deficiency)

BMS

Tumor mutation burden for IT
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Survival by TMB

OS DFS

OS DFS

All 
pats

Stage I
pats

WES: any mutation, cut-off  62
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Immune checkpoint by…

• 395 genes
• 36 functional 
annotation groups
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Tumor heterogeneity
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spontaneous deamination

APOBEC activity

smoke-related DNA damage

unknown

microsatellite instability

unknown

APOBEC activity

Tumor heterogeneity
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Tumor heterogeneity
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100/148 tumors = 68%

Tumor heterogeneity

Secondary High-Grade NET as 
Evolving Carcinoids To 

SCLC/LCNEC-like Tumors
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Liquid biopsy over time
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• Rec: EGFR mutations when the tissue is an issue (also 
unwilling or unable patients)…but if negative try on tissue 
biopsy (also to exclude other resistance mechanisms)

cfDNA testing in liquid biopsy

Lindeman, JTO 2018

Sensitivity 60-80%; specificity 80-95%

• Exp. Cons. Op.: It is possible to identify T790M in ADC patients 
with progression or secondary clinical resistance to EGFR-TKI; 
testing of tumor samples is recommended if the plasma result 
is negative

Rec: recommendation; ECO: expert consensus opinion 

• No Rec: cfDNA & CTC cannot be used for diagnosis of primary lung 
cancer; CTC cannot be used for the identification of EGFR or other 
mutations or EGFR T790M
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