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ABSTRACT

Objectives: Immunohistochemistry is an important extension
to clinical information and morphology, and prevails

as an invaluable tool for establishing a correct cancer
diagnosis in clinical diagnostic pathology. The applicability
of immunohistochemistry is limited by the availability of
validated cell- and cancer-type specific antibodies, rendering
an unmet need to discover, test, and validate novel markers.
The SATB2 protein is selectively expressed in glandular
cells from the lower gastrointestinal tract and expression

is retained in a large majority of primary and metastatic
colorectal cancers.

Methods: We analyzed the expression of SATB2 in all
clinical cases (n = 840), in which immunohistochemistry
for detection of CK20 was deemed necessary for a final
diagnosis.

Results: SATB2 showed a high sensitivity (93%) and
specificity (77%) to determine a cancer of colorectal origin
and in combination with CK7 and CK20, the specificity
increased to 100%.

Conclusions: We conclude that SATB2 provides a new and
advantageous supplement for clinical differential diagnostics.
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Immunohistochemistry (IHC) is of vital importance to
complement morphologic assessment of histochemically
stained sections of tumor tissues in the routine diagnosis of
cancer. With the availability of validated antibodies toward
relevant targets, IHC can result in critical information on the
type of tumor (diagnosis), grade of malignancy (prognosis),
and susceptibility for specific anticancer drugs (treatment
prediction). In cases in which patients first present with a
metastasis or when patients present with tumors that are of
morphologically ambiguous origin, eg, primary adenocar-
cinoma of the lung or a lung metastasis, it is important to
determine a correct diagnosis to guide further investigations
and to optimize therapeutic intervention.

Because of the intrinsic variation of tumor phenotypes,
some of which present with dedifferentiated morphology,
IHC prevails as an important tool to confirm the diagnosis
also in cases in which clinical and morphologic information
indicates a tumor of an almost certain histologic subtype and
origin. With the exception of breast cancer, in which IHC for
determining estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2 (HER-2) expres-
sion is part of the clinical diagnostic procedure, there is no
systematic analysis of IHC-based expression patterns for the
large majority of solid cancer types.

It is estimated that 3% to 5% of all cancers present as
a metastasis from an unknown primary site, also known as
cancer of unknown primary (CUP).! For these CUP cases
and for the atypical cases in which clinical and morphologic
data are not in agreement, IHC is necessary to narrow the
range of diagnostic alternatives and, when possible, establish
a tentative diagnosis with regard to cancer phenotype and
most likely site of primary tumor. An increased repertoire
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of cell and cancer type—specific antibodies would be of sub-
stantial benefit to optimize the diagnostic procedure when
resolving differential diagnostic alternatives for CUP.

The success of immunopathology using IHC to develop
algorithms for differential diagnosis depends on the avail-
ability of antibodies that target proteins selectively expressed
in different defined cell and tumor types. Although the
human genome encodes for approximately 20,000 protein-
encoding genes,? only a small fraction of antibodies has
been developed for use in clinical differential diagnostics.
At present, validated antibodies detecting some 200 differ-
ent proteins are used to determine the phenotype of tumors
in the clinic. The vast majority of these antibodies recognize
proteins expressed in several different cell types. With the
exception of CD markers, which define various subtypes
of hematopoietic and lymphoid cell types, cell type—spe-
cific protein expression patterns are rare.’> Examples of
well-known antibodies targeting cell type—specific proteins
include antibodies recognizing prostate-specific antigen
(prostate glandular cells), thyroglobulin (thyroid glandular
cells), melanA and tyrosinase (cells of melanocytic lin-
eage), glial fibrillary acidic protein (astrocytic cells), and
various hormones such as insulin, exclusively expressed in
[ cells in the pancreas.

At present there is no established specific marker for
glandular cells of the lower gastrointestinal tract. Sev-
eral protein expression patterns have been scrutinized and
various markers have been tested in large series of different
tumors. A handful of antibodies that provide useful informa-
tion have been identified to confirm or reject a diagnosis of
colorectal carcinoma (CRC). The most accepted antibodies
for clinical differential diagnostics are antibodies detecting
cytokeratin 20 (CK20). CK20 is an intermediate filament
protein selectively expressed in glandular cells of the gastro-
intestinal (GI) tract, and is a highly sensitive marker. How-
ever, the specificity of CK20 alone is relatively low because
this keratin is also expressed in the gastric epithelium, uro-
thelium, and epidermal Merkel cells.* In CRC, the expres-
sion of CK20 is generally preserved in metastases.’ Antibod-
ies detecting caudal type homeobox 2 (CDX2) protein and
cadherin 17 (CDH17) have also been used in the differential
diagnostics of CRC because both these proteins are selec-
tively expressed at relatively high levels in cells of the whole
GI tract. In cases of unknown primary lesions, CDX2 has a
relatively low predictive power because it is also expressed
in gastric carcinomas (18%) and ovarian mucinous tumors
(20%).° CDH17 lacks in specificity as seen by the fact that
CDHI17 is also expressed in gastric, pancreatic, and biliary
adenocarcinomas.’ In clinical practice, CK20 is often com-
bined with other markers, such as the presence of CDX2 or
the absence of cytokeratin 7 (CK7), to increase the accuracy
for determining a diagnosis of CRC.
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The special AT-rich sequence binding-protein (SATB2)
is a DNA-binding protein, 733 amino acids long, which
specifically binds to nuclear matrix attachment regions of
DNA. SATB2 is involved in regulation of transcription and
chromatin remodeling, and shows a remarkable degree of
evolutionary conservation, with a difference of only three
amino acids between mouse and human. In a recent study,
antibodies detecting SATB2 were tested in more than 1,800
cases of CRC together with more than 600 cases of other
tumors.® The results suggested that IHC-based detection of
SATB2 was highly specific for primary as well as metastatic
lesions of CRC and showed a similar level of sensitivity for
CRC as CK20, CDX2, and CDH17. Two recent studies sug-
gest that downregulated expression of SATB?2 is associated
with metastasis and poor prognosis both in an animal model
of CRC? and in a prospective patient cohort.!® Other data
support a role for SATB2 in head and neck squamous cell
carcinoma'! and ulcerative colitis.!?

The promising findings of highly selective SATB2
expression in tumor cells from several retrospective cohorts
of CRC and the combination of using IHC with antibodies
detecting CK20 and SATB2 was reported to identify more
than 95% of CRCs.® This suggests that the concept should be
tested in an unbiased clinical prospective study. In the pres-
ent study, we analyzed the expression of SATB2 in more
than 800 consecutive cases in which CK20 immunostaining
was considered necessary for a final diagnosis. Our results
suggest that immunostaining of SATB2 adds valuable infor-
mation in clinical decision making to confirm or rule out
tumors of colorectal origin.

Materials and Methods

Case Selection and IHC

The study was approved by the Department of Surgical
Pathology, Uppsala University Hospital, Uppsala, Sweden,
and all cases were prospectively selected from the clinical
cases registered between June 2010 and December 2011.
The inclusion criteria were defined as tissue specimens
submitted to the department of pathology for diagnosis,
where the pathologist in charge had performed an immu-
nohistochemical staining of CK20 as part of the clinical
diagnostic procedure. The total number of cases immunohis-
tochemically stained for CK20 during this period was 840.
The corresponding paraffin blocks from these cases were,
in parallel with CK20, sectioned and immunostained for
SATB2 expression. In accordance with current diagnostic
guidelines, the pathologist in charge used several other anti-
bodies in addition to CK20 (such as CK7, CDX2) and other
ancillary methods to reach the final diagnosis. However, the
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result of SATB2 staining was disregarded in the diagnostic
process when cases were signed out by the pathologists.

IHC was performed after routine antigen retrieval using
an automated IHC stainer (Autostainer, DakoCytomation,
Glostrup, Denmark) as previously described.!® Primary
antibodies against CK20 (mouse monoclonal M7019; Dako-
Cytomation) and SATB2 (mouse monoclonal antibody
AMAD90635, clone CL0276, Atlas Antibodies AB, Stock-
holm, Sweden) were used at a dilution of 1:200. All other
antibodies deemed necessary for the diagnostic procedure
were stained using the same instrumentation as specified
before and at dilutions routinely established in the surgical
pathology laboratory.

IHC Scoring

The CK20 and SATB2 immunohistochemically stained
slides in all cases were reevaluated by two independent
observers, one pathologist (A.D.) and one specially trained
technician (C.J.). All disagreements were resolved by
evaluating the slides with a double-headed microscope. The
annotation process included a semiquantitative, categorical
estimation of the fraction (%) of tumor cell nuclei positive
for SATB2 regardless of intensity (nuclear fraction [NF]),
which was scored 0 for less than 1%, 1 for 2% to 25%, 2
for 26% to 75%, and 3 for more than 75%.% For the pur-
pose of statistical analyses, SATB2 nuclear staining was
further dichotomized into negative tumors (score 0) and
positive tumors (scores 1-3). For CK20, a binary expression
of the cytoplasmic staining was used, scored 1 for positive
staining (any number of tumor cells) and 2 for negative
staining, regardless of intensity. For the remaining immuno-
histochemical markers, the results were retrieved from the
pathology records and were scored in a similar binary mode
as for CK20. Representative images of SATB2 staining are
illustrated in Blmage 10.

Establishing the Final Diagnosis

The final diagnosis was retrieved from the pathology
record. No independent review of the diagnosis was attempt-
ed, because the authors had access only to a fraction of the
diagnostic material, limited to the tissue sections selected
for CK20 and SATB2 immunostaining. The final diagnosis
was classified into one of four categories: “CRC,” defined
other non-CRC cancer (“other C”), “CUP,” and benign
tumor (“benign”). Information on whether the tumor was a
primary cancer or a metastasis and the anatomic origin was
recorded for cases in which such information was available.
For the cases classified as CUP, the pathology database was
assessed 6 months after the inclusion time, resulting in a
follow-up time of 6 to 24 months. For cases in which new
diagnostic data were available, the new diagnosis of the
tumor type was recorded separately.

632 AmJ Clin Pathol 2014;141:630-638
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Statistics

Statistical analyses were carried out using the SPSS soft-
ware program (SPSS version 20, IBM, Armonk, NY). The
distribution of cases is presented either as absolute values or,
in parentheses, as relative frequencies. The Pearson 7> test
(two-sided) was used to investigate the relationship between
SATB2 and other markers, and a P value of less than .05 was
considered statistically significant. The sensitivity, specific-
ity, and predictive power of various immunohistochemical
markers were computed from binary contingency tables, in
which the reported diagnosis in the pathologic record was
defined as the “true” diagnosis.

Results

THC-Based Diagnostics

The Department of Surgical Pathology at Uppsala
University Hospital receives approximately 30,000 tis-
sue specimens annually for microscopic examination and
pathology-based diagnostics. In addition to the assessment
of morphologic features evaluated in H&E-stained tissue
sections, approximately 10,000 IHC staining procedures are
performed each year as part of the diagnostic procedure.
Approximately 200 antibodies are used for clinical THC
and thus the pathologist can retrieve additional information
to reach a final diagnosis. IHC using CK20 antibodies is
mainly performed to confirm or rule out the GI origin of a
pathologic process. Between June 2010 and December 2011,
CK20 immunostaining was performed in 840 cases. All
cases included in this study had SATB2 staining on sections
consecutive to the CK20 staining, and the pathologists in
charge were requested to ignore the result of SATB2 stain-
ing in their diagnostic process.

The mean age of patients included was 67 + 0.4 years
and both sexes were almost equally represented (398 males,
442 females). A mean of seven (range, 4-26) different anti-
bodies was used for each of these 840 cases in which CK20
IHC was deemed necessary in the diagnostic procedure.

Distribution of CK20 and SATB?2 in Diagnostic
Categories

The final diagnosis, as determined by the pathology
reports, was 105 cases of CRC, 458 cases of other C, 179
cases of CUP, and 98 benign cases. The fraction of tumors
expressing CK20 and SATB2 were clearly different with
respect to the final diagnosis WFigure 10. A large majority
(93%) of CRC cases were CK20 positive, whereas only 13%
of other C cases were CK20 positive. In the CUP category,
33% of the tumors were CK20 positive. SATB2 was detected
in 93% of CRC cases, 23% in other C cases, and 41% in
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HImage 10 Typical examples of CK20 and SATB2 staining in primary colorectal tumors. A, CK20 positive. B, CK20 negative.

C, SATB2 diffusely positive (more than 75% nuclei stained, nuclear fraction [NF] = 3). D, SATB2 partly positive (26%-75%
nuclei stained, NF = 2). E, SATB2 sparsely positive (2%-25% nuclei stained, NF = 1). F, SATB2 negative (0%-1% nuclei stained,
NF = 0). (All images x200.)
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CUP cases. CRC cases showed a substantially larger fraction
of cases with widespread SATB?2 staining (ie, NF score >2)
compared with other C cases (69% vs 3.5%). Altogether,
among the 105 CRC cases, 93 were positive for SATB2,
93 were positive for CK20, and 103 were positive for either
marker. A significant correlation was noted between CK20
and SATB?2 staining both when all tumors in the study were
considered (P < .01) and separately for metastases (P < .01),
the groups of CRC (P < .05), “other C” (P < .01), and CUP
(P<.01).

Sensitivity and Specificity for CRC

For computing sensitivity and specificity in binary con-
tingency tables, the SATB2 scores were dichotomized into
negative and positive scores. The receiver operator charac-
teristic (ROC) curve for SATB2 as a predictor of CRC was
plotted (data not shown) and indicated an optimum for NF
between 1 and 2. The cutoff value for SATB2-positive tumors
in this study was set at an NF of 1 or more. The sensitivity
and specificity were calculated after excluding the CUP and
benign cases. The SATB2 marker alone had 93% sensitivity
and 77% specificity in determining CRC ETable 1. The CK20
marker alone showed 93% sensitivity and 88% specificity.
Similar results were observed when only metastases were
analyzed (Table 1).

Because of the reported low specificity of the CK20
marker, in clinical practice the presumed diagnosis of a cancer
of colorectal origin is usually confirmed by a combination of
two IHC staining responses: expression of CK20 and absence

ITable 11

SATB2
nuclear
fraction
B >75%
B 26%-75%
0 2%-25%
B 0%-1%

CK20

B Positive
H Negative

CRC Other C CupP

(n = 105) (n = 458) (n=179)

EFigure 10 The expression of SATB2 and CK20 in the main
categories of tumors expressed as relative percentage.

The number of tumors in each category is indicated in
parentheses after the tumor type. CRC, colorectal cancer;
Other C, certain cancers other than colorectal; and CUP,
cancer of unknown primary origin. The results of SATB2
staining are indicated by the fraction of tumor nuclei stained
as described in the Materials and Methods section.

of CK7 staining, that is, the immune phenotype CK20-+/CK7—.
This parallel staining was performed in 636 of the 840 tumor
cases, of which 313 were metastases. For our study, the overall
sensitivity of the CK20+/CK7- phenotype in diagnosing CRC
was 85% and the specificity was 99% ITable 20. For the combi-
nation SATB2+/CK7-, the sensitivity was 87% and specificity
was 94%. When a triple combination of markers was analyzed,

Sensitivity and Specificity of a Single Immune Staining in Diagnosis of CRC

All Tumors Metastases Only
CK20+ SATB2+ CK20+ or SATB2 CK20+ SATB2+ CK20+ or SATB2
Sensitivity, % 93 93 98 96 94 99
Specificity, % 88 77 71 87 82 73
Positive PP, % 64 49 44 79 72 65
Negative PP, % 98 98 99 98 96 99
CRC, colorectal carcinoma; PP, predictive power.
ITable 21
Sensitivity and Specificity of a Combined Immune Staining in Diagnosis of CRC
All Tumors Metastases Only
CK7- and CK7- and CK7-, CK20+, CK7- and CK7- and CK7-, CK20+,
CK20+ SATB2+ and SATB2+ CK20+ SATB2+ and SATB2+
Sensitivity, % 85 87 83 88 90 87
Specificity, % 99 94 100 98 94 99
Positive PP, % 93 76 99 95 88 98
Negative PP, % 97 97 96 95 95 94

CRC, colorectal carcinoma; PP, predictive power.
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the phenotype CK7—/CK20+/SATB2+ had a sensitivity of 83%
and a specificity of 100% in determining CRC. A similar trend
was observed when metastases were analyzed (Table 2).

For 182 cases, immunostaining for CDX2 was performed
as part of the diagnostic procedure and the results were
retrieved from the pathology reports. The sensitivity of this
marker alone in distinguishing CRC cases was 96% and its
specificity was 80%. A comparison showing the results of
both SATB2 and CDX2 staining is presented in ETable 3N.
The cases with the SATB2+/CDX2— phenotype had only
scant nuclear expression of SATB2, that is, NF was 1 in both
cases of CRC and in four of eight cases of other cancers.

CK20 and SATB2 Staining in Other C Cases

As expected, a fraction of the 458 other C cases showed
positive staining for CK20 and/or SATB2 ETable 41. CK20
was positive in 59 cases (13%) and SATB2 was positive in
102 cases (22%), including all 59 CK20-positive cases. The
majority (65 cases) of SATB2-positive other C cases only
showed scant nuclear staining. Altogether, only a small frac-
tion (16/458 cases, 3.5%) of other C tumors had widespread
expression of SATB2, that is, an NF of 3. These included
neuroendocrine tumors (four cases), renal/urothelial cancers
(four cases), Merkel cell cancer in skin (three cases), tumors
of the small intestine (two cases), and one case each of lung
and gynecologic cancer.

ITable 31
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CUP Cases

The CUP cases (179 patients) were followed up at inter-
vals of 6 to 24 months after the initial CUP diagnosis and a
new diagnosis was available for 113 patients (63%). Also at
this time, the pathologist in charge made a final diagnosis
unaware of the results of the SATB2 staining. Most common
origin for the resolved CUP was the lung (25 cases), followed
by pancreatobiliary area (19 cases), neuroendocrine glands
(12), and stomach (11 cases), while other organs were repre-
sented in very few cases ETable 5H.

Of the cases that were classified finally, 15 were diag-
nosed as CRC, of which 11 (73%) were CK20+/SATB2+. In
two of the remaining CRC cases, the tumor was SATB2+ and
CK20-. Among the other resolved CUP cases that were not
CRC (98 patients), 22 (23%) expressed CK20 and 29 (30%)
expressed SATB2, thus fractions of both SATB2 and CK20
positivity were slightly higher than in the other C group.

Discussion

CRC is the third most common cancer diagnosed glob-
ally, with prevalence in the general population reported to be
20 of 100,000 men and 14 of 100,000 women.'* The diagno-
sis is based on morphologic examination with the microscope
combined with clinical information on the anatomic site of
the tumor. In cases with first presentation of a tumor from a

Distribution of SATB2 and CDX2 Staining Results in the Colorectal and Noncolorectal Carcinoma (Other C)?

SATB2+ and CDX2+ SATB2+ and CDX2- SATB2- and CDX2+ SATB2- and CDX2-
Colorectal (n = 51) 46 2 3 0
Other C (n = 64) 4 8 8 44

@ The number of cases in each organ category is given in parentheses.

ITable 41
Distribution of the Diagnoses and Staining Results in the Noncolorectal Carcinoma (Other C)?

SATB2 CK20
Cancer Type 0%-1% 2%-25% 26%-75% >T75% Negative Positive
Lung (n = 186) 153 (82) 27 (15) 4(2) 1(1) 175 (94) 11 (6)
Gynecological (n = 74) 63 (85) 6 (8) 3(4) 1(1) 68 (92) 6 (8)
Pancreatobiliary (n = 41) 32 (78) 5(12) 4(10) 0 30 (73) 11(27)
Carcinoid (n = 42) 27 (64) 9(21) 1(2) 4(10) 40 (95) 2 (5)
Renal/urologic (n = 31) 19 (61) 2 (6) 5 (16) 4(13) 16 (52) 15 (48)
Prostate (n = 22) 18 (82) 4(18) 0 0 20 (91) 2(9)
Gastroesophageal (n = 9) 7 (78) 2 (22) 0 0 4 (44) 5 (56)
Breast (n = 13) 11 (85) 2 (15) 0 0 13 (100) 0
Pleura (n = 6) 3 (50) 2 (33) 1(17) 0 6 (100) 0
Small intestine (n = 3) 0 0 1(33) 2 (67) 0 3(100)
Others (n = 31) 18 (58) 6 (19) 2 (6) 4(13) 27 (87) 4(13)

2 Data are given as number of cases (% of cases relative to the cancer type).
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suspected metastatic site or cases with morphology deviating
from the expected, IHC can be used to detect the specific
protein expression patterns commonly found in both normal
colorectal mucosa and CRC.> The most common markers for
tumors of colorectal origin include the expression of CK20,
often in combination with lack of CK7, that is, the CK20+/
CK7- phenotype. However, using this phenotype alone would
misdiagnose a proportion of cases, because CK7 is expressed
in 10% to 27% of CRCs,!>!¢ and focally in up to 22% of nor-
mal colonic mucosa,'®!7 making it difficult to interpret results
in a subset of cases.

In an earlier study, based on the Human Protein Atlas
(www.proteinatlas.org),® the expression pattern of the SATB2
protein was analyzed in a multitude of normal human and
cancer tissues. In normal epithelial tissues, SATB2 protein
was specifically expressed in the nuclei of epithelial cells in
the lower GI tract. In nonepithelial cell types, SATB2 was
expressed in a subset of lymphoid cells, germ cells in the
testis, and certain neurons in the central nervous system. The
selective expression of SATB2 in the lower GI tract suggested
that SATB2 could function as a diagnostic marker for CRC;
therefore this potential diagnostic biomarker was analyzed in
a multitude of CRCs and other cancer types. Altogether 1,882
cases of CRC and 620 other, non-CRC tumors were analyzed
in one study.® SATB2 was shown to be a sensitive and highly
specific marker for CRC, with a distinct positivity seen in 85%
of all CRCs. SATB2 is a protein involved in transcription regu-
lation and shows nuclear staining, therefore, it could have some
advantages over cytoplasmic/membrane stains such as cytoker-
atins. Staining of a nuclear transcription factor should in theory
result in an “all or none” pattern and should be less sensitive to
the degree of tumor differentiation.!” In this prospective study,
we investigated the diagnostic value of SATB2 in a true clinical
setting. For purposes of simplicity in the annotation/diagnostic
process and to facilitate comparison with similar studies, the

scoring for SATB2 NF in this study was set for intuitive inter-
vals of 0% to 1% (NF = 0), 2% to 25% (NF = 1), 26% to 75%
(NF = 2), and more than 75% (NF = 3) of tumor cells.

In our prospective cohort, CK20 was ubiquitously
expressed in the cases diagnosed with CRC and showed a
calculated sensitivity of 93%. The specificity of CK20 alone
in diagnosing CRC was 88% in our study. This differs slightly
from other published data on CK20 expression in CRCs,
which report sensitivity ranging from 65% to 86%.!8-20 The
difference could be related to the variability in the definition
of positive marker, that is, in some studies (as in ours), any
CK20 staining was considered positive, whereas in others, a
minimum of 5% or 10% stained tumor cells was required for
positive classification. The difference could also be related
to an inherent bias selection of cases included in different
studies. The current study reflects the actual clinical situation,
so patients in this study are not representative of all cancer
cases arising in the normal population nor of all cancer cases
diagnosed at a pathology clinic in a population-based regional
hospital; this is because the main inclusion criterion was the
need to perform CK20 immunohistochemical staining to
obtain a diagnosis. This decision was taken individually by
the pathologist diagnosing each incoming case. Although the
differentiation grade of the tumor or the difficulties in making
a diagnosis were not recorded in the current study, we can
assume that the 840 cases included in this study were not the
most common, standard forms of tumors. This is because the
cohort includes only a small fraction (8%) of all cancers diag-
nosed at our clinic during the study period (which is approxi-
mately 10,000 cancer cases per year). Further, IHC using an
average of seven different antibodies was required for each
case to make a diagnosis. Moreover, our prospective cohort
included CUPs in a substantially larger proportion (21%) than
the 3% expected in the average population.! Despite not repre-
senting the general patient population, the added value of our

ITable SH
Distribution of the Diagnoses and Staining Results after Follow-up of Cancer of Unknown Primary (CUP) Cases®

SATB2 CK20
Cancer Type 0%-1% 2%-25% 26%-75% >T75% Negative Positive
Still CUP (n = 66) 39 (69) 81(12) 8(12) 9 (14) 40 (61) 26 (39)
Colorectal (n = 15) 2 (13) 3(20) 3(20) 7 (47) 3(20) 12 (80)
Lung (n = 25) 19 (76) 5 (20) 1(4) 0 23 (92) 2 (8)
Pancreatobiliary (n = 19) 14 (74) 4(21) 0 1(5) 15 (79) 4(21)
Carcinoid (n = 12) 5(42) 3(25) 0 3(25) 8 (67) 4 (33)
Gastroesophageal (n = 11) 6 (55) 1(9) 1(9) 3(27) 6 (65) 5 (45)
Gynecological (n = 9) 7 (78) 2 (22) 0 0 9 (100) 0
Renal/urologic (n = 6) 2 (33) 1(17) 1(17) 1(17) 2 (33) 4(67)
Skin (n = 4) 3(75) 0 0 1(25) 3(75) 1(25)
Small intestine (n = 3) 1(33) 1(33) 0 1(33) 2 (67) 1(33
Breast (n = 3) 3(100) 0 0 0 3(100) 0
Others (n = 4) 3(75) 1(25) 0 0 4(100) 0

2 Data are given as number of cases (% of cases relative to the cancer type).

636 AmJ Clin Pathol 2014;141:630-638
DOI: 10.1309/AJCPWW2URZ9JKQJU

© American Society for Clinical Pathology

202 Iudy 8| uo }sanb Aq £9/09/1/0€9/G/ |71 /o101 e/dole/wod dno olwapese//:sdjy woy papeojumoq



study is that it is truly representative of the diagnostic work at
a clinical department in a university hospital.

In our study, SATB2 was widely expressed in the
colorectal cases, with 93% of cases staining at least 2% of
tumor cells. The correlation between CK20 and SATB2 was
statistically significant when all cases were considered and
also separately for metastases, CRC cases, other C cases,
and CUPs. In the study by Magnusson et al,} which included
more than 1,800 patients with CRC in total, SATB2 was
positive in 85% of CRCs. Unlike our prospective cohort, the
1,800 patients with CRC and the other tumor types in that
study were selected on a retrospective basis and included
conventional tumor cases. In a recent study that prospectively
included incident CRC cases without further selection 72%
of CRC cases were SATB2+.!0 The specificity of SATB2 for
determining a CRC diagnosis was lower in our prospective
study compared with the retrospective study of Magnusson
et al,® which included 620 typical cases of cancers of vari-
ous organs and showed the specificity of SATB2 to be high:
no prostate cancers were positive and less than 5% of lung,
breast, ovarian, gastric, and pancreatobiliary adenocarcinoma
were positive. In our study, 15% of conclusive cancers (“other
C”) expressed CK20 and 23% had detectable SATB2 (NF
=1), though most cases showed only sparse staining (NF =
1). Only a small fraction of these non-CRC tumors (3.5%)
showed diffuse expression of SATB2 (ie, NF = 3). Except for
lung cancer, the number of cases in each type of cancer was
small, and thus the selection of cancer types in our cohort can-
not be considered representative of other specific tumor types.

In 10 (9.4%) of 105 colorectal cases, the results of CK20
and SATB2 staining were incongruent, with five cases being
CK20+/SATB2- and five cases CK20-/SATB2+. Of impor-
tance in these cases was the fact that the primary tumor was a
poorly differentiated adenocarcinoma (5 cases), or in the cases
with medium differentiation, the tumor was a rectal cancer (3
cases). It is important to note that in the cases with the CK20—/
SATB2+ phenotype, the pathologist reached the diagnosis of
CRC by other means (usually other immune stains in combi-
nation with the clinical context) without considering the result
of SATB?2 staining; this indicates that SATB2 staining could
yield an added value in the diagnostic algorithm.

Discrepancies were seen between CK20 and SATB2
even among the other C diagnoses: 29 cases had the CK20+/
SATB2- phenotype and 76 cases had the opposite phenotype,
CK20-/SATB2+ (although only 7 cases hade only a diffuse
SATB?2 staining). Although we can speculate on the accuracy
of the diagnosis in these cases, because of the constraints of our
study, a review of the diagnostic material was not possible. The
diagnosis in these discordant cases was retrieved again from the
pathology clinical database at follow-up and no relevant change
was noted. This reassures us that the adherence to the current
national diagnostic guidelines together with the pathologists’

© American Society for Clinical Pathology
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access to radiologic/clinical information and ancillary analyses
were sufficient for a “state-of-the art” diagnosis.

Any diagnostic marker’s value includes its sensitivity
and specificity in determining the diagnosis in question. In
the literature, the sensitivity of the classic phenotype CK7—/
CK20+ in diagnosing CRC is reported between 64% and
78% and its specificity between 65% and 98%.%!82! Because
positive CK20 staining, in combination with negative CK7
staining, is commonly used to determine a diagnosis of CRC
in difficult cases, this phenotype will be inherently overrepre-
sented in the CRC category. In our study, the CK7-/CK20+
phenotype showed a remarkable specificity of 99%, whereas
the CK7-/SATB2+ phenotype showed specificity close to
that of the classic CRC phenotype (94%). It might be argued
that some cases were diagnosed as CRC based solely on the
CK7—-/CK20+ immunophenotype; however, in most cases, the
pathologist in charge had information from the radiologic and
surgical reports, as well as ancillary analyses. Moreover, the
recheck at follow-up did not indicate any relevant change in
the initial diagnosis of these patients.

The sensitivity of the combination of markers CK7-/
SATB2+ (87%) was marginally better than that of the classic
combination of CK7-/CK20+ (85% in our study), and the
specificity was slightly inferior, both for primary tumors and
for metastases (Table 2). In an analysis of a triple combina-
tion of markers, the CK7—/CK20+/SATB2+ phenotype was
found to have a sensitivity of 83% and a specificity of 100%
in determining the colorectal origin.

Both the distribution of the staining scores in vari-
ous cancer types and the ROC for predicting CRC based
on SATB2 NF point to a need for setting the diagnostic
threshold for positive SATB2 tumors at a value between
2% and 25% stained tumor cells. When the threshold for
SATB2+ tumors was set at an NF of 2 or more, the specific-
ity of SATB2 alone (92%) was superior to that of the clas-
sic marker CK20 alone (88%), but with a small decrease in
sensitivity (data not shown). The optimal threshold value
remains to be further determined.

The pattern of expression for CK20 and CK7 was previ-
ously reported to be associated with the cancer type: diffuse
CK20 staining in CRC vs focal CK20 staining in gastric/pan-
creatic carcinoma and the opposite for CK7.2! For SATB2,
the pattern of expression can be inferred from the NF, with
any NF less than 2 indicating a patchy staining. This score
was observed more often in other C cases than in CRCs, a fact
that could help in guiding the clinical diagnosis.

In addition to the classic cytokeratins, antibodies against
CDX2 (caudal-type homeobox 2) are often used as markers of
GI origin. In normal tissues, CDX2 expression is restricted to
glandular cells from the proximal duodenum to distal rectum.
The sensitivity of CDX2 for CRC is high, but there is a lack of
specificity because a substantial fraction of pancreatobiliary
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carcinoma and carcinoma of the stomach, small intestine,
esophagus, and ovary can be positive for CDX2.21-4

Only 182 of 840 cases were stained for CDX2, which
reflected the fact that in the current clinical study, CDX2 IHC
was not deemed necessary in a majority of the cases for mak-
ing a final diagnosis. The calculated sensitivity and specificity
for CRC diagnosis using CDX2 were 96% and 80%, respec-
tively, which were similar to those of CK20 and SATB2. In
the study of Magnusson et al,® which analyzed 245 standard
cases of primary and metastatic CRC, 95% of cases were posi-
tive for CDX2 and the specificity is not given. High specific-
ity of CDX2—of up to 100% for diagnosing metastases of
CRC to the lung, as reported by Barbareschi et al>>—may be
because of case selection (that study did not include any cases
of metastases from other relevant GI carcinomas). In contrast,
our study included the cases prospectively, and the observed
sensitivity and specificity are more likely to reflect authentic
diagnostic practices in the clinic.

In conclusion, we present herein the first unbiased data
on the application of SATB?2 as a diagnostic marker for CRC
in a clinical prospective cohort. Our results confirm the high
sensitivity and specificity of SATB2 in a clinical context, and
suggest that immunohistochemical staining with antibodies to
SATB2 can add important information to confirm or rule out
tumors of colorectal origin.
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