MDM2 Amplification in Intrahepatic Cholangiocarcinomas

Its Relationship With Large-Duct Type Morphology
and Uncommon KRAS Mutations
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FIGURE 1. Representative cases of small-duct and large-duct iCCAs. A, Small-duct iCCA consists of cuboidal atypical cells arranged
in focally anastomosing tubules, somewhat resembling bile ductules. B, Large-duct iCCA is made of mucin-containing columnar
cells arranged in an irregular ductal structure, the overall appearance similar to hilar cholangiocarcinomas or pancreatic ductal

carcinomas.
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MDM?2 amplification was

discovered

in 5% of cholangiocarcinomas




PURPOSE

* Elucidate the clinicopathologic features of
MDM2-amplified iICCAs.



MATERIALS AND METHODS:Case Selection

» 213 cases of surgically resected primary iCCAs

* eCCAs (n=133), including hilar (n =68) and distal cancers (n =65),
and gallbladder carcinomas (n= 216) were applied to dual-color in
situ hybridization for MDM2 to elucidate the incidence of
MDM2-amplified biliary malignancies at different anatomic sites
and whether MDM2 amplification has a prognostic impact.
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MATERIALS AND METHODS:

Evaluation of Clinicopathologic Features

Cases were classified into mass-forming, periductalinfiltrating, and mixed types

on the basis of the gross appearance.
The mass-forming type: was defined as distinctly nodular tumors,

The periductal-infiltrating type: mainly involved Glisson capsule around

Intrahepatic large bile ducts.
mixed type: nodular tumors with extranodular extensions along periductal

connective tissue.

ICCAs were classified into small-duct and large-duct types according to a

previous study.




MATERIALS AND METHODS

* Gene Amplification Analysis:

Dual-color in situ hybridization for MDMZ2 was performed on tissue
microarray sections using an automated staining platform ( Ventana
BenchMark XT system; Ventana Medical Systems, Tucson, AZ).

MDM2: = dark brown MDM2/ CHR12: %404 J¥gi 41
CHR12:— red e

* Immunohistochemistry: SMAD4, p53, and BAP1

 Molecular Examinations of KRAS and IDH1/2:

Sequencing analyses for KRAS and IDH1/2 were performed in all cases of
MDM2-amplified iCCAs. Twenty-five consecutive cases of ICCAs without
MDM2 amplification also underwent molecular studies for comparison.



MDM?2
amplification

of ICCASs

RESULTS.: Clinicopathologic Findings

was detected in 6% of ICCAs (13/213)

diffusely identified in 10 cases (77%), focally successful

in the remaining 3, potentially because of poor tissue

fixation.

One case of MDM2-amplified iCCA had BilIN2. MDM2
amplification was observed diffusely in the invasive part, whereas

no amplification was confirmed inthe premalignant lesion



RESULTS.: Clinicopathologic Findings
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RESULTS.: Clinicopathologic Findings

TABLE 1. Comparison Between iCCAs With and Without

MDMZ2 Amplification

MDM?2 MDM?2
Amplified Nonamplified
(N=13) (N = 200) P
Age (y) (mean = SD) 63.2£104 60.9 £ 10.6 0.454
Male sex (n [%]) 10 (77) 145 (73) 1.000
Serological tests (mean® SD)
Bilirubin 2456 1.3£1.9 0.752
CA19-9 443.0+£ 573.6 600.6+2167.9 0.033
CEA 87.8+173.9 252+ 1475 0.093
Growth pattern (n |[%])
Mass forming 6 (46) 163 (82) 0.005
Penductal 4(31) 20 (10)
infiltrative
Mixed 3(23) 12 (6)
Histologic type (n [%4])
Small-duct type 0 103 (52) <0.001
Large-duct type 13 (100) 97 (49)
Lymph node 6 (67)F 35 (35)F 0.076

metastasis (n [Yo])



RES U LTS : Immunohistochemistry and Molecular Study

TABLE 2. Immunohistochemical Features and Gene Mutation

Analyses
MDM?2
MDM?2 Amplified  Nonamplified
(N=13) (N = 200) P

Immunohistochemistry (n [%])

p33 abnormality 3 (23) 90 (45) 0.155

Loss of SMAD4 7 (54) 51 (26) 0.047

Loss of BAPI 1 (8) 27 (19) 0.704
Gene sequencing (n [%])

KRAS (0 ] 7 (28)* 0.035

IDHI 0 3 (12)* 0.193

IDH?2 0 0* Identical

*Exammed mn 25 cases.




RESULTS: surival Analyses
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RESULTS: wmbM2 Ampilification in eCCAs and Gallbladder

Cancers

TABLE 4. Comparison Between eCCAs With and Without
MDM_Z2 Amplification

MDM?2 MDM?2
Amplified Nonamplified
(N=8)  (N=125) P
Age (y) (mean £ SD) 62.5+10.8 65212103 0945
Male sex (n [%0]) 5(63) 89 (71) 0.692
Tumor size (cm) (mean £ SD) 2.2+x89 24+104 0.665
Location (n [%])
[I [1lar 8 ][]t’u] 60 (48) 0.004
Distal 0 (0) 65 (52)
Degree of differentiation (n [%4])

Well 4 (50) 44 (335) 0.684

Moderately 3(37) 65 (52)

Poorly 1 (13) 16 (13)
Lymphovascular mvasion (n [%]) 7 (88) 54 (43) 0.024
Perineural invasion (n [%4]) 6 (75) 102 (82) 0.644
pT category (n [%])

pTl 0 15(12) 0.818

pT2 3(37) 52 (41)

p13 4 (50) 42 (34)

pT4 1 (13) 12 (13)

Lymph node metastasis (n [%]) 6 (75) 45 (36) 0.054
Positive resection margin (n [%]) 5(63) 49 (39) 0.269




RESULTS: wDM2 Ampilification in Gallbladder
Cancers

No significant differences were observed in the
clinicopathologic parameters examined between

gallbladder cancers with and without MDMZ2 amplification.

In 2 cases of MDM2-amplified gallbladder cancers, contained

gallbladder BilIN2.One harbored MDM2 amplification in both foci of BillN and
LSl iInvasive cancer, whereas the other showed gene amplification in

the invasive area only.

In 2 cases of MDM2-nonamplified gallbladder cancers, MDM?2

amplification was found in BilIN, but not in the invasive parts



RESULTS: wDM2 Ampilification in Gallbladder
Cancers

- ' d, g L L - Vi e &
- ; e : % b
A . r ey g B PP . T IITTN
- o ol . 11
L ‘a. r .-l . |I. ‘I . N ‘1 "._‘ L | &
L £ ""' P L 4 - = - " 1 |
'l # * ' e # . ] s 0
Bomy 1 L. ¥ - # i % o = i % ! 4
gty o s A2 T - oy - B
a [ > l L T - 5 @ & ] -
. L - # [t e ] L Ty [
" M j i W i N & ]
i, ! L] i, w - " - \
. - & - { - - . ] ] | 1 & [
-: - . Vg o A ol ATy & " i .
4 1 § FE] ™ 'l ] L -
i - - a - L 5 L 'l .l
._l" b W _'1. & ' i P L
£ ] = ¥ L] N
L i I: . ‘_ [ Wl tr. :' i i
# . X - E E
- 1'"‘1’ e 'ﬂt r ] L3 - % 4
L] & -
A . N A i . ) I, L
~ B
o R @ & L i ’ T " - N L] N M
- " e - -"1' i i [ "fl t'l-‘_ - W & I i
E - - i - L] . Ll “ - -
‘e ‘ v - » &4 : A
o = = —n : b F
||'|'-. .'.I *a _-\. " r ."' X B g 4 x ' 4 1 . : - /
g f i . i & at " 28 § | o o '
& s 3 . - ¥ 4 1 i =} L 3 W I
r-. s e ] A g - " L = - . - ‘ ry 1
" i ' L b & W T ' - - T L
- .'- g E *I = . - 3 . F _
& & | 5 i s . . H »
: ® ' 4 8 - - - C - ‘ 4 'l.h 1 ol - # % - i - - . "_'_, - .
W - ® da G i ] » s - b
.., r'\: - L s of W - L. 1 4 o e i ] &
[ 8 |.,| Lt | P - 'I' & 5 ‘ = " iy ¥
1 . L] o i e, 1 o & i " - - u 1"- S -
h L] L L 3 ] ] - N el . u - F
TR | : “P - 7 ?' ’ e ‘Ji £ "-\.l‘.I s - l:- 4 x i~ : i " T
o i TR L & “ m v . - L ’ ' e DR 2 <" -9
on for MDM_2 in a gallbladder cancer and associated BillN. A, Many clustered signals fo

FIGURE 4. Dual-color in situ hybridizati
MDMZ2 are observed in the nuclei of cancer cells (original magnification). B, MDMZ2 amplification is observed in BillINT. However, in
this case, MDMZ2 amplification was not observed in invasive cancer areas (original magnification).



RESULTS: wmbM2 Ampilification in eCCAs and Gallbladder
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CONCLUSION

MDM2 amplification was observed in 6% of iICCAs. It was restricted to the largeduct
type, and MDM2-amplified cancer comprised 12% of large-duct iCCAs.

The loss of SMAD4 expression was more frequently observed in MDM2-amplified cancers than

\\ in MDM2-nonamplified cases, whereas KRAS mutations were uncommon in MDM2-amplified
cancers.

Although MDM2 amplification was a poor prognostic factor for patients with iCCAs, this
was likely attributable to all MDM2-amplified cases being of the large-duct type.

Similar MDM2 amplification was also confirmed in 12% to 14% of hilar

cholangiocarcinomas and gallbladder cancers, suggesting that MDM2 inhibitors are a
romising approach for treating biliary malignances .
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