ORIGINAL ARTICLE

Colonic Adenocarcinomas Harboring NTRK Fusion Genes

A Clinicopathologic and Molecular Genetic Study of 16 Cases
and Review of the Literature

Lk PR



o ZERZE (CRC) mifL it
U 3 K] B 1 2 R R AR S 2B — R 1| 3

Hom AN R E . P WER,

£ R L B R R 2 s — Wk 2

FMAPK [ AKT NG =18 B ---eg & B




NTRKZE [E]

* Neurotrophic receptor tyrosine kinase

+ T T NS ZURR A B

XNIHHF x N THKS

Chromosome 1g21-22 L hru|||u-—.|||||u 9q22.1 Chromosome 1525

4

IHHF"I. IHHH IR C

- ¢

NRTKEFR | #HEEFESHESESZES ( Neurotrophic Receptor Kinase ) , NTRKEES
ETFPE : NTRKL, NTRK2, NTRK3 , 3BT EREHF L, NTRK%%E%E‘{IEEIDHH'
TRKEH , NTRK1, NTRK2, NTRK34%ZI5m3TRKA, TRKB . TRKC =fEH(1

N

NIHK3




TRKZE H

-

e

Wild-type protein signalling

"y

Ligand-dependent

extracellularn

inactive

. €D
1%
. . iNntracellularn

Cell mambranea

" = =l s
active = AT

TRKEHESFESERAE— . 88E/MERSSK, EERTEEAAEXE[],
TRKEHESERESRE  AETE AL , ARANEBRSEAESRRLE B NRHEEES

[4].



NGF BONF or NT-4/5 NT-3

‘.."'!"“"1.l. (] lif"l" Il1l
i ‘1 SR

n###llllii 3804 tlt::iltlltt%i

: Ubiquitin-
. ERK 1/2 S}Iﬂﬂlpl.lﬂ Regulation of mediated
plasticity actin cytoskeleton proteolysis

‘*.-E’- :..-' Py |r{l:ﬁk

Pro-differentiation genes Transcription factors  Pro-survival genes

[FEANEHIES , FETRKERTE S NEHEERETFES | AT EREREGPE
SRS TTHIEE |, S EDAT(5-8).



NT =
RKEE GRS

trk Oncogene Formation
{-:. e Tl
O M3 MNTRKI -
i DA breokoge
S S —l_

DA W joengd
T
TRE onc
ogene Mina Kang, cubocu
e FEAS
oI




%1 NTRK RERA 54 Mg "

NTRK 2[H BEAE RAeNE MR
NTRKI (1g21 ~q22) ARHGEF2 121 ~q22 /644 i
CD74* 5q32 JE /N4 A i 8
CHTOP 1g21.3 E I 65 4 i 98
LMNA* 1922 Spitzoid M98 . 45 HnfE . BH L AN
MPRIP* 17pl1.2 ke 7| 248 At
NFASC*  1g32.1 I U I At A 7
SQSTMI* 5q35 JE /|0 A At 18
TFG* 3q12.2 FU 3 R B AR A
TP53 17p13.1 Spitzoid B ¥
TPM3* 1921.2 5 HindE . FLICK TP AR IR
TPR* 1925 FUARFFARIRAE . 4585 H A
NTRK2 (9q22.1) AFAPI 4p16 IR 531) o £ TR
NACC2 9q34.3 E 4% 2 4 M A
PAN3 13q12.2 Sk S0 LR 490 il 4
QKI 6q26 T 40 M 14 B2 I 4 T
TRIM24 7932 ~q34 k7N it i
NTRK3 (15q25) ETV6 12pi3 FERVELTHERM . e RXMEPREZ M. 2l

RIZUARAY . SYEBRANARAE MU . R {EITFL
AR 5 S




Brain cancers (glioma, GBM, astrocytoma)
Salivary (MASC)

B Common cancer with low
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Estimated 1,500-5,000 patients harbor TRK fusion-positive cancers in the United States annually
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Integrated dataset: Larotrectinib is efficacious regardless of tumor type
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TABLE 1. Type of NTRK Fusion and pan-Trk Expression Pattern
Identified in 15 Colon Carcinomas

Membrane Cytoplasmic  Nuclear
pan-Trk pan-Trk pan-Trk

Fusion Gene  No. Tumors Staining Staining Staining
TPM3-NTRKI 9 +++ . -
LMNA- 3 + or +/— +++ Focal or
NTRKI1 scattered
cells
TPR-NTRKI 2 + ++ =
EML4-NTRK3 1 - + E




diffuse cytoplasmic and membrane staining (A); LMNA(e10)-NTRK1(e11) fusion tumor (case 14) with an area of strong nuclear
staining and weaker cytoplasmic staining (B); TPR(e21)-NTRK1(e10) fusion tumor (case 5) showed weaker cytoplasmic and
membrane staining than TPM3-NTRK1 and LMNA-NTRK1 fusion tumors and lacked nuclear immunoreactivity (C); EML4(e2)-

NTRK3(e14) fusion tumor (case 12) displayed weak but distinct cytoplasmic staining and no membrane or nuclear
immunoreactivity (D).



TABLE 2. Clinical Characteristics of 16 Colon Cancers With Positive pan-Trk Immunohistochemnistry

Case  Age (v) Sex Tumor Site in Colon  Staging System (pTNM, Dukes C) Follow-Up NTRK Fusion Gene

| 54 Female Cecum pld4aN2bMIb DOD (1 mo)* TPM3(e8)-NTREELiclD)
2 i) Female Cecum pT3NOMO ANED (1 y 5mo)t LMNA(ed)=-NTREKIl(cl0)
3 46 Female Ascending Dukes C3 ANED (17 v)§ Unknown)||

4 50 Female Hepatic flexure pT3INOMO ANED (ly 10mo)§ TPM3ieR)-NTEKI1icl3)
5 53 Female Hepatic flexure pIT3NlaMO ANED 2y 4mo) TPR(e2])=-NTREK1(elD)
6 63 Male Hepatic flexure pT3NIMO ANED (7y)3 TPM3(e8)-NTRK1(el3)
T 1) Female Hepatic flexure pT3INOMO DOC (7 d)t LMNA(ell)-NTEKI1(cE)
8 T7 Female Transverse colon pT3INOMO NA TPM3(es)-NTREK(el)
9 R Male Transverse colon pT3INOMO DOC (2 y)F TPM3{eR)-NTRKILiclO)
10 63 Female Splenic flexure pTINOMOD ANED (3 y Ymo)§ TPM3(es)-NTEK1i{el0)
11 i) Female Splenic flexure pT3INOMO ANED (11 mo)3 TPRie2] =-NTEKI1{elD)
12 71 Female Splenic flexure pT3INOMO ANED (12y 4 mo)] EML4{e2)-NTRK 3(eld)
13 56 Female Diescending pTd4aMN2bMO MNA TPM3(e8)-NTRE (1)
14 62 Female Descending pT4aN2bMO ANED (1 y 1 mo)§ LMNA(el0)}-NTREKIl(ell)
15 71 Male Descending pT3NOMO MNA TPM3(e8)-NTRE (1)
16 70 Female  Rectosigmoid junction pTd4aNOMO NA TPM3(e8)-NTRK1(el)

*Adjuvant chemotherapy status unknown.

tNo adjuvant chemotherapy.

{6 om tumor, metastases in local lymph nodes.

gAdjuvant chemotherapy.

IENA failed guality control test.
AMED indicates alive, no evidence of disease: DOC, died of unknown causes: DOD, died of disease: MA. not available.
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TABLE 3. Histopathologic Characteristics of 16 Colon Cancers °

With Paositive pan-Trk Immunohistochemistry jt z H _/fE\E éj\ /f/kt H?( y;IIJ:'EI;
Degree of Glandular Solid g::l{;:]ﬂ‘:zt - < .| 1 1 15” : /f EE 4 15” >

Case Differentiation Growth Area
1 Moderate to poor Focal Mo Low*® =
2 Poor Extensive Focal Hight 81§J }: j( S ! ’ I‘ N X :[:j_(;
3 Moderate to poor No Focal Low )j
4 Moderate to poor Focal Extensive] Low Vi —H—l-‘ /_
5 Moderate to poor No Focal High 1 l ' — I— /Ij( ‘[‘/t*% J:k
6 Moderate No No Low - —
7 Poor (medullary Extensive No Low N \
85 1T LR AR5
& Moderate to poor Focal Focal High Ll 2R ]j b
9 Moderate to poor No No High \ N
10 Moderate to poor No No High /TﬁlJ ):IL‘ )Ij( Elj ﬁ)(‘ QHEI H@
11 Moderate to poor Focal§ Extensive] Low -
12 MNone All No High .
13 Moderate to poor Focal Focal High — N7
14 Poor ’ Focal|| Extensive] L{E\-‘ 91&” % 7J<—LTI LS
15 Moderate to poor No Yes High
16 Poor Extensive Focal High

T 246 ik E 1= 30

* <2 TIL/HPF.

t 22 TIL/HPF.

TLuminal.

§Minimal.

[ISheets of signet ring cells.

HPF indicates high-power fields.
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FIGURE 2. Histologic features of Trk-positive colon cancers. TPM3(e8)-NTRK1(e10) fusion tumor (case 13) with moderate to poor
differentiation (A); LMNA(e11)-NTRK1(e8) fusion tumor (case 7) with solid areas displaying ribbon-like growth pattern (B); LMMNA
(e10)-NTRK1(e11) fusion tumor (case 14) with prominent sheets of signet ring cells (C); EML4(e2)-NTRK3(e14) fusion tumor (case

12) showed a vague nested growth pattern (D).
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TABLE 4. Immunophenotype of 16 Colon Cancers With Positive Trk Immunohistochemistry

Case MLH1 PMS2 MSH2 MSHao CK7 CK20 CDX2 MUC2
| Retained Retamned REetained Retamed Dntfuse Dntfuse Dntluse No exp
2 Loss Loss Retained Retamned Dntfuse No exp No exp Focal
3 Loss Loss Retained Retaned No exp No exp Dntluse No exp
4 Loss Loss Retained Retained No exp Focal Dntluse Focal
5 Loss Loss Retained Retained Dnffuse Focal Diffuse No exp
6 Retained Retamned Retained Retamed No exp Dntfuse Dntluse No exp
7 Loss Loss Retained Retained No exp No exp Focal No exp
3 Loss Loss Retained Retaned No exp Focal Dntluse No exp
9 Loss Loss Retained Retamned No exp Focal Diffuse Focal
10 Loss Loss Retained Retammed No exp No exp No exp 5

11 Loss Loss Retained Retamed MNo exp Focal Dntluse S

12 Loss Loss Retained Retamned Dntfuse Sc Dnfluse 5

13 Loss Loss Retained Loss MNo exp Sc Dntluse No exp
14 Retained Retamned Retained Retamned Focal Dntfuse Dnfluse Diftuse
15 Loss Loss Retained Retamed No exp No exp Dntluse Diftuse
16 Loss Loss Retained Retamned No exp No exp Focal No exp

Mo exp indicates No expression;

Sc, scattered cells.
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FIGURE 3. Immunnhistnchernistry of Trk-pnsitive colon cancers. Focal CK20 expression (A) in TPM3(e8)-NTRK1 (el {]} fusion tumor
(case 15); focal CDX2 expression (B) in LMNA(e11)-NTRK1(e8) fusion tumor (case 7); focal MUC2 expression (C) in LMNA(e4)-
MNTRE1(e10) fusion tumor (case 2); diffuse (near 100%) Ki-67 expression (D) in TPR(e21)-NTRK1(e10) fusion tumor (case 5).
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FIGURE 4. Involvement of p53 and p-catenin pathways in Trk-positive colon cancers. TPM3(e8)-NTRK1(e10) fusion tumor (case 1)
with retained MLH1 expression (A) harbored a TP53 mutation (p.Met246Arg) and displayed diffuse p53 immunostaining (B);
LMMNA(e11)-NTRK1(e8) fusion tumor (case 7) with loss of MLH1 expression (C) harbored an APC mutation (p.Cys1502Ter) and

displayed nuclear p-catenin accumulation (D).
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TABLE 5. Mutated Oncogenes and Tumor Suppressor Genes
in NTRK Fusion Colon Cancers Reported in This Study

Predicted Functional

Gene 1D Mutation Consequences™ Case
TGF B j@ﬁ% ACVRIA p-Asp3B6fs NA 2
AKTI p-Ser240Pro Pathogeme 10
AMERT pArgd3lTer Neutral a
AMERI p.Glyl40Asp NA 16
AMER]I p.-Vali05ts NA 2
Wnt/ B -cateninif &% |APC p.Cys1502Ter Pathogenic 7
APC p-Pro7505er Pathogenic 16
APC p-Cysl289Tyr Pathogenic 11
CTN 'HE:l p.Arg225Cys Pathogenic e
p.Lys354Asn Pathogenic 2
FBXWT7 p-Argd790In Pathogenic 13
FBXWT7 p-TrpddbTer Pathogenic 11
MTOR p-Alal792Val Pathogenic 2
PIK3CH p.Arg727Trp Pathogenic 15
PIK3CD p.ValiT7lis NA A
PIK3CD p.Gly2458er Pathogenic 15
PIK3R2 p.Val5dMet Pathogenic 5
PI3K-AKT/MTORH F%|PTEN p.His272fs Pathogenic 1
PTEN p-Asn32ifs NA 10
TGFBR2 p-Trp529Ter NA 16
TP53 p-Met246Arg Pathogenic |
TP53 p.Pro72Arg MNeutral 11
TP53 p-CyslT6Tyr Pathogenic 15

*On the basis of the FATHMM., SIFT, PolyPhen scores predicting functional
consequences of coding varnants.

MNA indicates not available.
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TABLE 6. Types of NTRK1 Fusions Described in 33 CRCs in This (n=15) and Previously Published Studies*®-16.21.26

LMNA PLEKHA® SCYL3 I TPM3 I TPR
NTRK1 ed eh 9 ell ell e22 ell e7 e el6 e2l
el 28
e 1 1
el 1 1 V] 10 2
ell 1 2 1t 11
el2 1 1
eld 2
Subtotal B 1 1 22 3
Total i3

*Excluding 16 cases harboring 11 TPM3-NTRKI, 3 LMNA-NTRKI, and 2 TPR-NTRK fusions reported without specific data on fusion breaks. '8
TTwo fusion transcripts, LMNA{el0-NTRK l(ell) and LMNA(el1)}-NTREK1l(ell) formed due to alternative splicing.

{Two fusion transcnipts, TPM3(eB)-NTREK1{ell) and TPM3{e8)}-NTRK1(el2) in 1 tumor.

Slntraexonic break in 1 case.
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TABLE 7. Types of NTRK3 Fusions Described in 10 CRCs in
This (n=1) and Previously Published Studies**!>-16:26 and
Available at The Cancer Genome Atlas

COXSA ELM4 ETV6 VPS18

NTEEK3 el el &5 ell
cld 2

el5 1 6

cli 1
Total 10

*Excluding 4 cases harboning ETV6-NTREK ] fusions reported without specific
data on fusion breaks %1%
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