Colorectal Adenocarcinomas Harboring

ALK Fusion Genes

A Clinicopathologic and Molecular Genetic Study
of 12 Cases and Review of the Literature
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TABLE 1. ALK Immunoreactivity in 12 CRCs Harboring ALK

Fusion Genes

ALK Fusion Gene

ALK Immunoreactivity

Transcript MNo. Cases Cyvtoplasmic  Membrane

CAD{e35)-ALK(e20) i Moderate to Absent
strong

DIAPH2 (el 7T)-ALK(e20) i Weak Strong

DIAPH2(e26)-ALEK(c20) i Strong Absent

EML4{e2])-ALK(c20) i Moderate to Absent
strong

EML4{et)ALK(e20) i Weak to moderate Vanable

LOCI01929227(e2)-ALK i Weak Absent

(el0)

SLMAPRPeld)-ALK(e2D) i Moderate to Absent
strong®

SPTBNl{eT)=-ALK(c20) 4 Weak Strong

STREN(e3d)-ALK(e20) i Moderate Vanablet

*Some cells with a dot-like perinuclear staining,

tSronger on luminal sade.
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FIGURE 1. Example of diffuse ALK immunoreactivity in CRCs. Strong membrane staining for
ALK in case 1 with a SPTBN1-ALK fusion (A); strong cytoplasmic ALK staining in case 6
with a DIAPH2-ALK fusion (B); moderate cytoplasmic ALK staining in case 8 with an
EMLA4-ALK fusion (C); weak cytoplasmic ALK staining in case 9 with a LOC101929227-ALK
fusion (D).
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FIGURE 2. Example of focal (A) and luminal (B) ALK immunoreactivity in
ALK fusion—negative colon carcinomas
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FIGURE 3. A dual-color FISH analysis performed on interphase nuclei using a
break-apart ALK gene probe in CRC (case 9)harboring a LOC101929227-ALK
fusion. A split of orange and green signals indicates an ALK rearrangement.
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TABLE 2. Clinical Characteristics of 12 CRCs Harboring ALK Fusion Genes

Case No. Type of ALK Fusion Age Sex Tumor Site pTNM Follow-up (mo)
| SPTBN1(eT)-ALK(e20) 53 Male Cecum pT3N1laMD ANED (30)*
2 SPTBN1(e7)-ALK(e20) 66 Female Cecum pTINOMO ANED (20)*
3 CAD(e35)-ALK(e20) 87 Female Cecum pT4bN1bMla DOD (1)*
4 SPTBNI1(e7)-ALK(e20) 04 Female Ascending colon pTIN2IMO ANED (98)f
5 SLMAP(eld4)-ALK(e20) 09 Male Ascending colon pT3aNIcMle DOD (8)7
§ DIAPH2(e26)-ALK(e20) 72 Female Ascending colon pT3N1bMOD DOD (34)*
7 SPTBN1(e7)-ALK(e20) 75 Female Ascending colon pT4aN2bM0 ANED (78)*
8 EML4{e21)-ALK(e20) 76 Male Ascending colon pTINIMO AWD (54)*
9 LOCI101929227(e2)-ALK(el0) 11 Female Ascending colon pT3pNlaM0 DOD (12)*
10 DIAPH2(el T)-ALK(e20) 72 Female Hepatic flexure pTdaN2aM0 ANED (13)]
11 STRN(e3)-ALK{e20) 65 Female Splenic flexure pT2NOMO ANED (135)f
12 EML4{e6)-ALK(e20) 76 Female Rectum pT2NOMO ANED (35)§

*Adjuvant chemotherapy status unknown.
tAdjuvant chemotherapy.
{No adjuvant chemotherapy.

ANED indicates alive, no evidence of disease; DOD, died of disease; NA, not available.
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TABLE 3. Histopathologic Characteristics of 12 CRCs Harboring ALK Fusion Genes

(Case No. Type of ALK Fusion Degree of Glandular Differentiation  Mucinous Component  Lymphovascular Invasion TILs
l SPTBNI(e7)-ALK(e20) Moderate No Yes Low
2 SPTBNI(e7)-ALK(e20) Poor No Yes High
3 CAD(e35)-ALK(e20) Moderate No Yes High
4 SPTBNI(e7)-ALK(e20) Moderate Yes No High
5 SLMAP(el4)-ALK(e20) Moderate No Yes High
6 DIAPH2(e26)-ALK(e20) Poor No Yes High
T SPTBNI(e7)-ALK(e20) Poor Yes Yes High
§ EML4(e21)-ALK (e20) Mucinous Yes No Low
9 LOCI101929227(e2)-ALK(e10) Solid (medullary) No Yes High
[0 DIAPH2(e17)-ALK(e20) Moderate No Yes Low
[ STRN(e3)-ALK(e20) Moderate No No High
12 EML4(e6)-ALK(e20) Solid (medullary) No No High
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FIGURE 4. Histologic features of CRCs with diffuse ALK immunoreactivity. Case 1,
moderately differentiated CRC harboring SPTBNI1-ALK fusion (A); case 2, poorly

differentiated CRC harboring SPTBN1-ALK fusion (B); case 12, medullary CRC harboring
EML4-ALK fusion (C); case 8, mucinous tumor harboring EML4-ALK fusion (D). 14,
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TABLE 4. MMR Status, p53 Alterations, CDX2, CK7, CK20, and MU

MMR Status
ALK Fusion
Case No. Partner Gene MLHI PMS2 MSH2 MSHG6
] SPTBNI Retained Retained L oss Retained
2 SPTBNI1 Loss Loss Retained Retained
3 CAD Retained Retained Retained Retained
4 SPTBNI Loss Loss Retained Retained
5 SLMAP HLoss Retained Retained Retained
6 DIAPH2 Loss L oss Retained Retained
7 SPTBNI Loss Loss Retained Retained
8 EML4 Retained Retained Retained Retained
9 LOCI101929227 Loss L.oss Retained Retained
10 DIAPH2 HLoss Retained Retained Retained
11 STRN Loss L.oss Retained Retained
12 EML4 Loss Loss Retained Retained

*Methvlated promoter.

TWeak staming.

HLoss indicates heterogenous loss; IPC, 1solated positive cell; WT, wild-tvpe.



JC2 Immunophenotypes, and PD-L1 Expression in 12 CRCs With ALK Fusions

053 Pathway Alterations Immunopositivity PD-L1 Expression
pS3 Nuclear Accumulation Tumor-infiltrating
(TP53 mutation) CDX2 CK7 CK20 MUC2 Tumor Cells Immune Cells
Focal (p.Arg273Cys) Diffuse Duffuse Negative Focal — Negative Focal
Focal (p.Gly199%) Diffuse Negative Negative Negative  Focal Miffuse
Diffuse (p.Met2371le) Diftuse  Diffuse  Focal Negative  Negative Focal
Focal (WT) Diffuse Iiffuse Diffuse  Focal Negative Focal
Diffuse (p.Arg248Trp) Diffuse Negative Negative Negative  Negative Negative
Focal (p.Tyr126His) Diffuse Negative Focal  Focal Focal Focal
IPC (WT) Diffuse Negative Focal  Focal — Negative Focal
Focal (WT) Diftuse  Diffuse Negative Diffuse  Negative Focal
Negative (WT) Focal IDhiffuse  Focal IPC Focal Focal
Diffuse (p.Arg282Trp) Diffuse Negative Diffuse  Focal — Negative Negative
IPC (WT) Diffuse® Negative Focal  Focal — Negative Diffuse
Focal (WT) Focalt Negative Negative Negative — Diffuse Diffuse
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1. 104 (83%) HiIWMMRASECEE Bhf, JLpoBIMLHL
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(+) .
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TABLE 5. Types of ALK Fusions Descrnbed in 38 CRCs Reported
in This (n=12) and Previously Published Studies®11-23

ALK

Fusion Gene Partner I xon 2 10 19 20 NA
CZortd4 4 — — — 1 S
CAD 35 _ . _ 3 .

NA - _ _ _ 1

CENPE 11 — — - 1 -
DIAPH?2 17 — — — 1 —
26 — — _ 1 -

EMLA4 2 _ _ 1 1 -
5 — — — 2 S

13 — — _ 1 -

20 — — - 2 -

21 o - S 3 S

MNA - _— S _ 4

LOC 101929227 2 — 1 — S _
MAPRES3 7 r — - 1 _
PPP4R 3B 11 1 il S -
PPPIR2] 17 — — — 1 —
PEKARIA 2 — — — 1 —
PREKARIB - — — B 1 _
SLMAP 14 — _— . 1 -
SPTBNI 7 _ _ _ 5 -
STRN 3 — - = 4 —

subtotal 1 1 1 30 3
Total 38 S S _ . _

MNA mdicates not availlable.
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