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Brief clinical history

* A 54 years old female with a history of mastectomy for phyllodes
tumor 3 years ago and had radiotherapy afterwards

* She presented with a mass at the site of the TRAM flap

* Biopsy was done





















* The previous tumor





















Spindle cell tumors

Epithelial cell Myoepithelial cell

Spindle cells of UEH  Spindle cell
Spindle cell DCIS adenomyoepithelioma
Metaplastic carcinoma Myoepithelial carcinoma

Mesenchymal cell

Fasciitis
Fibromatosis
PASH
Myofibroblastoma
Fibrous tumor
Sarcomas
Phyllodes tumors



Approach

* Clinical history
e Recurrence? Complication of irradiation? New primary?

 Histology
* Grade of spindle cells
* Epithelial element

* Immunohistochemistry
* Cytokeratins

* Myoepithelial markers
* p63

* Molecular tests



Major differential diagnoses

* Malignant PT
* Primary breast sarcomas (radiation induced?)

e Sarcomatoid carcinoma



Table 11.01 Histological features of fibroadenoma, benign, borderdine and malignant phyllodes tumours

Tumour border Well-defined Well-defined
Stromal cellularity Variable, scanty fo uncommonly  Cellular, usually mild,
cellular, usually uniform ray be non-uniferm or diffuse
Stromal atypia None Mild or none
Mitotic activity Usually none, rarely low Usually few
(< 5 per 10 HPF)
Stromal overgrowth Absent Absent
Malignant heterologous Absent Absent
elements
Distribution relative to all Common Uncommon
breast tumours
Relative proportion of all - 60-75%
phyllodes tumours

Well-defined, may be focally
permeative
Cellular, usually moderate,

may be non-uniform or diffuse
Mild or moderate

Usually frequent
(5-9 per 10 HPF)

Absent, or very focal
Absent

Rare

15-20%

Permeative

Cellular, usually marked and
diffuse
Marked

Usually abundant
(= 10 per 10 HPF)

Often present
May be present

Rare

10-20%




Radiation induced sarcoma (RIS)

* Evidence of an initial malignant tumor of a different histology
* Development of the sarcoma must occur in an irradiated field
* Prolonged latency period (typically >4 years) between the two

malignancies
* The second malignancy must histologically be a sarcoma

Cahan WG et al 1948 Cancer 1:3; Arlen M et al 1971 Cancer 28:1087



Radiation induced sarcoma (RIS) of the breast

A rare iatrogenic malignancy occur after radiotherapy

* The cumulative RIS incidence is 3.2 per 1,000 at 15 years

* Typically latency 10 years; range 20 years to 6 months
» Radiation-induced cutaneous angiosarcoma typically has a shorter latency (4 years)

* Patients treated with radiotherapy had increased risk - a direct dose response effect

e Other factors suggested in pathogenesis including a deleterious BRCA1 mutation, hereditary

diseases (such as Li-Fraumeni syndrome) and the use of alkylator based chemotherapy

* Histology similar to primary breast sarcoma with a wide range of histopathologic subtypes

e angiosarcoma, leiomyosarcoma, liposarcoma, fibrosarcoma, chondrosarcoma,
osteosarcoma
* Usually a high-grade tumor and may consist of spindle-shaped tumor cells, hemorrhagic
tumor nodules, conspicuous mitotic figures, and necrosis

Sheth GR et al 2012 Oncologist 17:405; Olcina M et al 2008 Sarcoma 2008:456950
Chahin F et al 2001 Breast J 7:120; Fineberg S & Rosen PP 1994 Am J Clin Pathol 102:757



Metaplastic carcinoma

A group of neoplasms characterized by differentiation of the neoplastic
epithelium into squamous cells and/or mensenchymal-looking elements

Low grade adenosquamous carcinoma
Fibromatosis like metaplastic carcinoma

Squamous cell carcinoma
Spindle cell carcinoma
Carcinoma with mesenchymal differentiation
e Chondroid differentiation
* Osseous differentiation
* Other types of mesenchymal differentiation
Myoepithelial carcinoma



Spindle cell carcinoma

* Atypical spindle cells in variable patterns, long or short fascicles

e Usually moderate to severe nuclear pleomorphism

* Focal areas of more cellular cohesion may be seen

* Likely overlap with squamous with spindle carcinoma and
myoepithelial carcinoma

* May show DCIS in the vicinity






Epithelial component Benign Absent Absent
Malignant if present

Sarcomatoid component Malignant Malignant Malignant

Heterologous element May not be present May not be present May not be present
(bone/cartilage) Malignant if present Malignant if present Malignant if present

Age Not young patients Not young patients Young / not young patients
Lymph node metastasis Not common Common Not common

Organ metastasis Common Not common Common



ER, PR

HER2
CK (pan CK)

HMW CK
LMW CK

p63
S100
CD34

+ in epithelial component
- In stromal component
Negative

+ in epithelial component
+/- In stromal component

Negative

+ in epithelial component
- In stromal component

+ in myoepithelial cells
Negative

May be ppsitive

Negative

Negative

Usually positive
(focal / weak)

May be positive

Usually negative

May be positive
May be positive

Usually negative

Negative

Negative

Negative

Negative

Negative

Usually negative
May be positive

Usually negative



Potentially useful markers

Cytokeratins (Pan CK) p63

* Malignant PT - negative * Malignant PT - negative

e Sarcomatoid carcinoma — e Sarcomatoid carcinoma -
positive positive

* Primary breast sarcomas - * Primary breast sarcomas -

negative negative






Cytokeratins in stromal cells of PT

Cytokeratins No. of cases with expression in stroma of Phyllodes tumor

Total Benign Borderline Malignant
MNF116 13/109(11.8%) 6/70(8.6%) 4/30(13.3%) 3/9(33.3%)
34BE12 24/109(21.8%) 11/70(15.7%) 9/30(30.0%) 4/9(44.4%)
AE1/3 9/109(8.3%) 4/70(5.7%) 3/30(10.0%) 2/9(22.2%)
Cam 5.2 2/109(1.8%) 0/70(0%) 1/30(3.3%) 1/9(11.1%)
CK7 31/109(28.3%) 20/70(28.6%) 9/30(30.0%) 2/9(22.2%)
CK14 2/109(1.8%) 0/70(0%) 2/30(6.7%) 0/9(0%)

* Cytokeratin-positivity was focal and patchy, more likely to be located in subepithelial and peripheral zone
* Cytokeratin-positivity can be found in phyllodes tumors of all grades, with increasing expression in more sinister lesions
* The number of cytokeratins reacting per case showed an increasing trend with higher tumor grades

Chia, et al. J Clin Pathol 2012; 65: 339-347



Potentially useful markers

* The staining pattern is not totally specific

* Focal p63, p40 and CK can be seen in malignant PT, but less in borderline /
benign PT or FA

* Any of these markers alone should not be used to differentiate these
differentials

e Use multiple markers















TERT promoter MED12 exon 2 hot spot
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Mutations in fibroepithelial tumors
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* Exome sequencing of 22 PTs with matched normal (10 benign, 8 borderline, 4 malignant cases)
* 333 non-synonymous or splice-site somatic mutations in 310 genes identified

* Higher median count of non-silent mutation/case in PT than FA (13 vs 5)
Tan J et al 2015 Nat Gen



Mutations in PT

Targeted capture sequencing
6 benign, 6 borderline and 10 malignant PTs
Integrated mutation profiling of actionable
cancer target assay

* exons of 410 cancer genes and non-

coding regions of selected genes

Mean number of mutations in benign,
borderline and malignant PTs are 2 (1-3), 4
(2-7) and 5 (2-8) respectively.
MED12 mutation in 56% PT and significantly
less frequent in malignant cases
Malignant PTs harbor mutations in known
cancer genes
Recurrent hotspot mutations (52%) in TERT
promoter (-124 C>T) and associated with
higher TERT mRNA expression
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# of cases
altered

Benign PT
Borderline PT
Malignant PT

Non-synonymous SNV
Promoter SNV

Synonymous SNV
Indel

Truncating SNV
Promoter SNV
Missense SNV

Splice site mutation
Frame-shift indel
In-frame indel
Homozygous deletion
Amplification

Loss of heterozygosity

Piscuoglio S et al 2016 J Pathol 238:508



Mutations of MED12 in cancers

e Mutations clustered in exon 2 and the intron 1-exon 2 junctions
Single base substitutions in codon 44 is predominant but other missense and in-frame indels
were also observed

Cancer _ Alterations Reference

Leiomyomas 70% (159/225); all resided in exon 2 Makinen N et al 2011
Science

Uterine leiomyosarcomas 32 9.7% (3 cases) compared to 74.7% (133/178) in leiomyomas Bertsch E et al 2014
Mod Path

Colon Cancer 392 0.5% (2 cases): Gly44Cys and Als67Val Kampjarvi K et al 2012 BJC

Prostate Cancer 111 5% (6/111); L1244F variants in 5 samples Barbieri C et al 2012
Nature Genetics

Fibroadenomas (FA) 90 59% with mutation; 71% occurred in codon 44 Lim WK et al 2014
Nature Genetics

Phyllodes tumor (PT) 46 83%, 80% and 77% in benign, borderline and malignant PTs Yoshida M et al 2015

respectively Br J Ccancer
PT+FA 73 65%,88%, 78% and 8% in FA, benign, borderline and Piscuoglio S et al 2015

malignant PTs respectively for somatic mutation in exon 2 Histopathology



MED12 exon 2

Table 1. Summary of MEDI2 exon 2 mutations in SNB,
including MBCs, PTs, PNSs and Fibromatoses. and in
squamous MCB

Tumour type MEDI2 exon 2 Total
mutation
+ —
MBC 0 33 33
Bs 0 20 20
Bh 0 6 6
Sq 0 7 7
PT! 35 (71.4) 14 (28.6) 49 (100)
Benign 16 (72.7) 6 (27.3) 22 (100)
Borderline 12 (70.6) 5(29.4) 17 (100)
Malignant 7 (70.0) 3 (30.0) 10 (100)
PNS 0 2 2
Fibromatosis 0 8 8

Bs., biphasic with spindle metaplasia; Bh, biphasic with
heterologous mesenchymal metaplasia. including osteoid,

chondroid or matrix metaplasia; Sq. squamous MBC of

pure epithelial type.

Distinguish PT from other
spindle cell neoplasms

Lien HC et al 2016 APIMS 124:356



TERT promoter mutations

e Mutations in TERT promoter lead to overexpression of TERT (melanomas, HCC,
urothelial carcinoma)

* Frequent in PT but rare in FA

* 35.5% (27/76) Vs 0% (0/100); 3 malignant cases with TERT amplification

* 65% (30/46) Vs 7% (4/58)

e 27.1% in PT with the highest frequency in borderline tumors

* Mutations were present in stromal component

* TERT promoter mutations associated with older age, MED12 mutations and
stromal cellularity

Piscuoglio S et al 2016 J Pathol 238:508
Yoshida M et al 2015 Br J Cancer 113:1244
Tsang JY et al 2018 Sci Rep 8:3881



Metaplastic breast cancer (n=35)

Mutational signature

Somatic genetic alterations in metaplastic ___________mm““m“““|||||
M "
carcinomas (MC)
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* Whole genome sequencing in 35 MC

* 16 chondroid, 10 spindle and 9 squamous i I
* High TP53 mutation (69%)
« Compared to TN IDC-NOS, more frequent mutations in : :
PIK3CA (29%), PIK3R1 (11%), ARIDIA (11%), FAT1 (11%), |
and PTEN (11%)

* Enriched with somatic mutations in PI3KCA/AKT/mTOR

and canonical Wnt signaling pathway
* PIK3CA mutations not in MC with chondroid changes
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Metaplastic subtype
Matrix-producing
Histologic grade

ER

Ng Cetal 2017 Clin Cancer Res 23:3859 el s e e L e g L e



Genomic profiling of metaplastic carcinoma

Spinde cell Spindle/ Squamaus Matrix-producing Mixed

* 28 metaplastic carcinomas were subjected to capture e B e PP TPy 171 PR
based NGS on 408 cancer related genes s W
* 10 matrix producing, 5 spindle cell, 5 with squamous ‘””:“““;::mmq—ﬁ
differentiation, 5 mixed spindle/squamous : ﬁa“!]ﬁ = e
differentiation, 3 mixed metaplastic ,é‘ i O
: . 3 . - -
* Enriched with PIK3CA/PIK3R1 (64%) and Ras-MAPK S -
(25%) pathway alterations

* High frequency TP53 (64%) and TERT promoter (26%)
mutations, but this varied among different metaplastic
CA subtypes

* Chondroid-matrix producing CA lacked PI3K and Ras-
MAPK aberrations and TERT promoter mutations

* Spindle cell lacked TP53 mutations but enriched with
TERT promoter mutations

Krings G & Chen Y 2018 Mod Pathol



The main molecular features of metaplastic breast carcinomas
according to histologic subtypes

. Triple-negative breast cancer of
Metaplastic breast cancer ( \ P g

no special type
Histologic subtype Chondroid Spindle Squamous
Intrinsic subtype Predominantly basal-like Claudin-low Basal—llk.e, claudin-low and normal Predominantly basal-like
breast-like

Triple-negative breast cancer Mesenchymal Predomlnantly mesenchymal Various, except luminal androgen All types
subtypes stem-like and unstable receptor and immunomodulatory
Integrative clusters Preferentially 9 Predominantly 4 Various Predominantly 10, 4, 9
BRCAness Preferentially non-BRCAness Preferentially non-BRCAness Preferentially BRCAness Roughly equal
TP53 mutations 75% 50% 78% 81%
Mutations in PI3K/AKT/mTOR 44% 70% 67% 29%
pathway
Mutations in canonical Wnt 56% 50% 44% 28%
pathway
Chromosomal instability + + ++ ++

Frequent gains of 1q and 8q, losges of 5q and 12q
Copy number alterations Frequent high-level gain of Infrequent copy number gain of | Infrequent amplification of 8924,

8q21.11-24.32 CLDN3/42 frequent losses of 7q and 12?2

. Up-regulation of genes involved | Down-regulation of claudins, E- Up-regulation of cell cycle-related

Gene expression . . L -

in chondrocyte differentiation? cadherin and EpCAM? genes?

Pathognomonic fusion gene Lack of pathognomonic fusion gek /

Piscuoglio S et al 2017 npj Breast Cancer 3:48



Genetic alterations in PT and metaplastic CA

PT (reported with frequency >5%) Metaplastic CA (reported frequency >10%)
* MED12 * TP53
e pTERT * PI3KCA
* RARA * ARID1A
* SETD2 * CHERP
* FLNA * FAT1
* MLL2 * PIK3R1
* TP53 * PTEN
* EGFR * RELN
* RB1 * RYR1

e pTERT

* Most frequent mutations are different between metaplastic CA and PT






Diagnosis

* Recurrent malignant phyllodes tumors






