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SATB2 Is Superior to CDX2 in Distinguishing Signet
Ring Cell Carcinoma of the Upper Gastrointestinal
Tract and Lower Gastrointestinal Tract
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1.SATB2 showed a high sensitivity (93%) and specificity (77%) to determine a cancer
of colorectal origin and 1n combination with CK7 and CK20, the specificity increased

to 100%:.

2.SATB2 was positive 1 93.8% of appendiceal tumours and 1n only one ovarian

tumour; SATB2 was 97.5% specific for appendiceal origin.

Am J Clin Pathol. 2014; 141:630—638.

Histopathology. 2016;68:977-987.
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SATB2 ( Special AT-rich sequence-binding protein 2 ) : DNA
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TABLE 1. SATB2 and CDX2 Immunohistochemistry Results Stratified by Site of Origin of Signet Ring Cell Carcinoma

Lower GI Upper GI
All Lower All Upper Distal Esophagus/
_ G1 Cases _Appenﬂix _ Colon : P _Gl Cases _Stumach Esophagogastric Junction P e
Total 52 33 49 NA 17 54 23 NA NA
SATR2
SATB2™ (n [%]) 70 (85) 27 (82) 43(88) 05 [1509 7 (13] g (35) 0.06 <0.01
SATB2 intensity
Weak (1+) (n [%]) 18 (26 6 (22) 12(28) 07 [I(EN] 7 (100) : 0.03 <0.01
Strong (2+) (n [Ya]) Iﬁ 21 (78) 31 (72) 2 (13) 0 2 (25)

H-score (mean [range]) 103 (0-200) 102 (0-200) 103 (0-200) 1.0  3(0-100) 1 (0-20) T (0-100) 0.02 <0.01
CDX2

CDX2" (n [%)]) 74 (90 30 (91) 407 10 39(51) 2343 16 (70) 0.05 <0.01

CDX2 intensity

Weak (1+) (n [%]) 10 (14) 3 (10) 7(16) 09 13(33) 11 (48) 2 (13) 0.01  0.03
Strong (2+) (n [Ya]) 64 (86) 27 (90) 37 (84) 26 (67)  12(52) 14 (87)

H-score (mean [range]) 124 (0-200) 143 (0-200) 111 (0-200) 0.04 ~39 (0-200) 29 (0-200) 63 (0-200) 0.01 <0.01
SATB2" and CDX2" (n [%]) 65 (79) 26 (79) 9@80) 0.7 11(14) 4 (7 7 (30) 0.04 <0.01
SATB2” and CDX2 (n [%]) 5 (6) 1 (3) 4 (8) 4 (5) 3 (6) 1 (4)

SATB2 and CDX2" (n[%4]) 9 (11) 1 (3) 5 (10) 28(36) 19 (395) 9 (39)
SATB? and CDX2 (n[%]) 3 (4) 2 (6) 1 (2) 34 (44) 28 (52) 6 (26)

*P-value calculated from companng signet ring cell carcinomas of lower Gl tract ongin with those of upper GI tract ongin.

MNA indicates not available.

SATB 2RIZRIATE NEHE IR AFEEE A E ST LiEIEE I iigREs , L5 , SATB 27 N E1CIEED

ISR RIA B B iEE

SATB2 CDXZ2RYZRIATEIRER ZEEIFEIAHIEETLES ,

BT BEImAEEE , KR FirinRE/RE -5 FREBEImfER R UISATB 258704

e (74% ) |, ML EHEEIRZRIEEEENESATB2ZRA th B B~ 5500 1.
7tin B e/ B E - B 38R SBEm e




v o . T e .
F;: "-'.:.- ‘.lltl‘l‘ r;;l‘-!'ﬂ#

'S :Ph 3 R ‘h-"-.._... X :‘t‘:.!;_:‘{l_: '

: . T i .

- - -
| i AT gy, " Mt
ot |"J ._'i ﬁ? ® :'ln...:-- -
i 1 ri Bl
II;: rul:"."""'I.:‘ . '_‘. - 3""; 3
‘:_ : . "l- = :""'--':'.r-"". LN . L
o . o 2 L
o - = .- ) . x ‘
5 2 g "'-* P g
¥ _ - L]
Y b L e Lt Mg T E R .
i ":I AT AT Yy A J S O
- 1 ‘
T \.l.l 'ﬁf'"ﬂ"‘.
.l.',i:r-. § s 7 =i
mjt,l;"ql - g
. '-.,"'lp Ll
- 1' .' .L‘ - | 2 ‘.‘
. - " ?“'-.:él’" "
F - PT.. :l*::é H-i'--t-: a ;‘-i"ﬁlia -
s - P g L . ¥ il
—_ ] i g, L bk | -ri 5. '.._q #
- Lt - Bt . ll k! P oy L=
'.FEI; E';_"l'. --"- ':"'":-*--Hq . ;-f-.-‘.i.".;,l. L ..-:“.I'lﬂ'
& S & k. T E 4
e L P B T el ;Q‘_-_L";??"'":rnr_'
L 1 F:Jt 1‘- ¥ .?:‘I-L s IE..l'-.;. F t-r ﬂr’ L.I +.
ST o ALY U o e T ey v, T
‘ A e e, B g S
-u-"_:i hi i "'-__h‘i__ 4 ':i'.-.}t'- "Eq. - ‘“'F
N :‘__'_::' "‘?\rt‘nq'l‘;.-:a-.._r_;: .*:- .--‘ e ®
W i _-.-'.""'.:- L F = o o
RO P T ) % *
¥ ]. p ‘k‘- - i ! * l.#_ ‘,,r:- -.1.Ih
i ,ﬂ_qi & " ke A &

e I.-'"-r""lL‘-: ..'l- :——:%:. v

] _l. r—l '- - F i
‘e .I-l E oy ™ .-.l' b - i ‘.-'. . - = .?_IF.L
. :...--':'i'__t-'-.n. .\ﬁ; _ﬂ"‘_un. : ey e L
.h - 9 e " *-r L L = & 1
S ‘-b:. l‘J"Ill-' £ 'E.. 1"- [ Ml T = J-I'F..I.'l-. ‘--I#"IF'I' .F =i

FIGURE 1. Dual SATB2 and CDX2-positive expression is a relatively specific marker for signet ring cell carcinoma of lower Gl tract
origin. This appendiceal signet ring cell carcinoma with peritoneal metastasis (A, hematoxylin and eosin) demonstrated strong
expression of SATB2 (B) and CDX2 (C). This colorectal signet ring cell carcinoma with peritoneal metastasis (D, hematoxylin and
eosin) demonstrated strong expression of SATB2 (E) and CDX2 (F).
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TABLE 2. SATB2 and CDX2 Immunohistochemistry Results Stratified by Primary and Metastatic Signet Ring Cell Carcinoma

Lower Gl Lpper Gl
Metastasis of Metastasis of Metastatic Breast
Lower GI Primary Primary P Upper Gl Primary Primary P Carcinoma | i Pt P} P§
Total 50 32 NA 16 61 NA 13 NA NA NA NA
SATB2
SATB2" IT 26 (81) 0.5 EXE) 12 (20} 1.0 2 (13) <001 <001 <0.01 1.0
(n [%a]) -
SATB2
intensity
Weak (1+) 7(16) 11 (42) 0.02 3 (100) 10 (83) 1.0 2 (100) <001 <001 «<0.01 1.0
(n [%a])
Strong (2+) 37 (84) 15 (58) 0 2 (17) 0
(n [*e])
H-score (mean 118 (0-200) 79 (0-200) 0.1 3 (0-20) 3 (0-100) 0.9 0 (0-2) <0.01 <001 <001 0.7
[range])
CDX2
CDX2" (n [%4]) 47 (94) 27 (84) 0.3 6 (38) 33 (54) 0.3 0 <001 <001 <001 <0.0]
CDX2 intensity -
Weak (1+) 5(11) 5 (19) 0.5 4 (67) 9 (27) 0.2 0 <001 001 <001 <0.0]
(n [“a])
Strong (2+) 42 (89) 22 (81) 2 (33) 24 (73) 0
(n [*])
H-score (mean 137 (0-200) 104 (0—-200) 0.04 3 (D-30) 48 (0-200) 0.035 0 {0-0) <001 <001 <001 0.03
[range])
SATB2 ™ and 43 (86) 22 (69) 0.1 1{(6) 10 (16} 0.3 0 <001 <001 <001 0.l
CDX2" (n [%4])
SATB2" and 1(2) 4(13) 2 (13) 2 (3) 2 (15)
CDX2™ (n [%]) \
SATB2” and 4 (8) 5(16) 5 (31) 23 (38) 0 R RIR =93, #125W
CDX2" (n [%4]) B b s R —
SATB2™ and 2 (4) 1(3) 8 (50) 26 (43) 11 (85) 66, FRMEFLIRIE=13
CDX2™ (n [%])

* P-value calculated from comparing metastatic signet ring cell carcinomas of lower GI tract origin with metastatic carcinomas of upper GI origin.
t P-value calculated from comparing primary signet ning cell carcinomas of lower GI tract origin with primary carcinomas of upper Gl ongin.

1 P-value calculated from comparing metastatic signet ring cell carcinomas of lower GI tract origin with breast cancer metastases.
S P-value calculated from comparnng metastatic signet ring cell carcinomas of upper I tract ongin with breast cancer metastases.
MNA indicates not available.
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FIGURE 2. SATBZ2 expression can be identified in some signet ring cell carcinomas of the upper Gl tract. This primary esophageal/
esophagogastric adenocarcinoma (A, hematoxylin and eosin) demonstrated SATB2 expression in ~50% of tumor cells (B) and

diffuse CDX2 expression (C). This gastric signet ring cell carcinoma with peritoneal metastasis (D, hematoxylin and eosin) dem-
onstrated focal and weak SATB2 expression in 10% of tumor cells (E) and negative expression of CDX2 (F) expression.

SATB 2{FRLE FEttiEEIrfiashaeir



TV AR
Ay SR al o
2 X% "I.r‘r"' -‘L.‘;f.‘fr.- S

i j -
WA T o N B
-F' ¢ - .‘

.Fr am l-ﬂ'. Il.l‘ a_‘--ﬁ #::-1.#-,:#

metastatic to the colon (A) demonstrated focal and weak SATB2 expression in <5% of tumor cells (B) and negative expression of CDX2 (C).



TABLE 1. SATB2 and CDX2 Immunohistochemistry Results Stratified by Site of Origin of Signet Ring Cell Carcinoma

Lower GI Upper GI
All Lower All Upper Distal Esophagus/
GI Cases  Appendix Colon P Gl Cases Stomach Esophagogastric Junction P p*
Total 82 33 49 NA 77 54 23 NA NA
SATB2
SATB2™ (n [%]) 70 (83) 27 (82) 43 (B8) 0.5 15(19) 7(13) 8 (35) 0.06 <0.01
SATBZ intensity
Weak (1+) (n [%]) 18 (26) 6 (22) 12(28) 0.7 13 (87) 7 (100) 6 (75) 0.03 <0.01
Strong (2+) (n [Ya]) 52 (74) 21 (78) 31 (72) 2 (13) 0 2 (25)

H-score (mean [range]) 103 (0-200) 102 (0-200) 103 (0-200) 1.0 3 (0-100) 1 (0-20) 7 (0-100) 0.02 <0.01
CDX2

CDX2" (n [%]) 74 (90) 30 (91) 44 (90) 1.0 39 (51) 23 (43) 16 (70) 0.05 <0.01

CDX2 intensity

Weak (1+) (n [%4]) 10 (14) 3(10) 7(16) 09 13(33) 11 (48) 2 (13) 0.01 0.03
Strong (2+) (n [%4]) 64 (86) 27 (90) 37 (84) 26 (67) 12 (52) 14 (87)

H-score (mean [range]) 124 (0-200% 143 (0-200% 111 (0-200} 0.04 39 (0-200) 29 (0-200) 63 (0-200) 0.01 <0.01
SATB2™ and CDX2" (n [%]) 65 (79) 26 (79) 39 (80) 0.7 11(14) 4 (7) 7 (30) 0.04 <0.01
SATB2™ and CDX2™ (n [%4]) 1 (3) 4 (8) 4 (35] 3 (6) 1 (4)

SATB2™ and CDX2" (n [%4]) 9 (11) 1 (3) 5(10) 28 (36) 19 (35) 9 (39)
SATB2 and CDX2™ (n [%4]) 3 (4) 2 (6) 1 (2) 34 (44) 28 (52) 6 (26)

* P-value calculated from companng signet ring cell carcinomas of lower Gl tract ongin with those of upper GI tract ongin.
INA indicates not available,
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TABLE 2. SATB2 and CDX2 Immunohistochemistry Results Stratified by Primary and Metastatic Signet Ring Cell Carcinoma

Lower Gl Upper Gl
Metastasis of Metastasis of Metastatic Breast
Lower GI Primary Primary P Upper Gl Primary Primary P Carcinoma f Py P} P§
Total 50 32 NA 16 61 NA 13 NA NA NA NA
SATB2
SATB2” 44 (88) 26 (81) 0.5 3 (19) 12 (20} 1.0 2 (15) <0.01 <001 <001 1.0
(n [“a])
SATB2
intensity
Weak (1+) 7(16) 11 (42) 0.02 3 (100) 10 (83) 1.0 2 (100) <001 <0.01 <«0.01 1.0
(n [*])
Strong (2+) 37 (84) 15 (58) 0 2(17) 0
(n [“])
H-score (mean 118 {0-200) 79 (0-200) 0.1 3 (0-20) 3(0-100) 0.9 0 (0-2) <0.01 <001 <001 0.7
[range])
CDX2
CDX2" (n [%]) 47 (94) 27 (84) 0.3 6 (38) 33 (34) 0.3 0 <001 <0.01 <001 <0.0]
CDX2 intensity
Weak (1+) 5(11) 3 (19) 0.5 4 (67) 9 (27) 0.2 0 <001 001 <001 <0.0]
(n [“a])
Strong (2+) 42 (89) 22 (81) 2 (33) 24 (73) 0
(n [%])
H-score (mean 137 (0-200) 104 (0-200) 0.04 5 (0-30) 48 (0-200) 0.05 0 (0-0) <001 <001 <001 003
[range])
SATB2" and 43 (86) 22 (69) 0.1 1 (6) 10 (16} 0.3 0 <0.01 <001 <0.01 0.1
CDX2* (n [%])
SATB2" and 1(2) 4(13) 2 (13) 2(3) 2 (15)
CDX2™ (n [%])
SATBZ and 4 (8) 5 (16) 5 (31) 23 (38) 0]
CDX2" (n [%4])
SATB2™ and 2 (4) 1 (3) 8 (50) 26 (43) 11 (85)
CDX2™ (n [%])

*P-value calculated from comparing metastatic signet ring cell carcinomas of lower GI tract origin with metastatic carcinomas of upper GI origin.
t P-value calculated from comparing primary signet ring cell carcinomas of lower GI tract origin with primary carcinomas of upper GI origin.

T P-value calculated from comparing metastatic signet nng cell carcinomas of lower GI tract origin with breast cancer metastases.
§P-value calculated from companng metastatic signet ring cell carcinomas of upper I tract onpin with breast cancer metastases.
MNA indicates not available.

BT T B eI AR i B aRSATB2 /CDX2* |, e BT st E s ErE eI s 2 7
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TABLE 3. Diagnostic Test Characteristics of SATB2 and CDX2 Immunohistochemistry for Lower Gl Tract Origin

Distinguishing Lower GI Tract from Distinguishing Lower GI
Distinguishing Lower GI Tract From Either Upper GI Tract or Breast Origin Tract from Breast Origin
Upper GI Tract Origin (%, [95% CI]) (%o, [95% CIJ) (Yo, [95% CIJ)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
SATB2 85 (76-92) [51 (70-89) 85 (76-92) 81 (71-89) 85 (76-92) 84 (55-98)
CDX2* 90 (82-95) 49 (38-61) 90 (82-96) 57 (46-67) 90 (82-96) 100 (75-100)
SATB2™ and 79 (69-87) 86 [TEI—EHJ] 79 (69-87) 88 (79-94) 79 (69-87) 100 (75-100)
CDX2"
SATB2™ and/ 96 (90-99) 44 (33-56) 96 (90-99) 50 (39-61) 96 (90-99) 84 (55-98)
or CDX2"

Cl indicates confidence interval.
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