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Expression of the Intestinal Marker Cdx2 in Secondary
Adenocarcinomas of the Colorectum

Gabriel M. Groisman, MD; Joelle Bernheim, MD; Marisa Halpern, MD; Eli Brazowsky, MD; Alona Meir, MD

● Context.—Secondary adenocarcinomas of the large bow-
el can closely mimic primary tumors. The differentiation of
secondary from primary adenocarcinomas of the colorec-
tum, however, is important because their clinical manage-
ment and prognosis are different. Immunostaining with the
nuclear transcription factor Cdx2, expressed in normal in-
testinal epithelia and colorectal adenocarcinomas, could
be of potential diagnostic use.

Objective.—To investigate the diagnostic value of Cdx2
immunoexpression in distinguishing primary from common
forms of secondary colorectal adenocarcinomas.

Design.—Cdx2 immunoexpression was analyzed in 20
primary colorectal adenocarcinomas and in 34 secondary
colorectal adenocarcinomas and their corresponding pri-
mary tumors. All secondary tumors were diagnosed
through endoscopic biopsies and included 8 cases of ovar-
ian (4 serous, 2 mucinous, and 2 endometrioid), 6 of mam-
mary (4 lobular and 2 ductal), 4 of gastric (2 intestinal and

2 diffuse), 4 of pulmonary, 4 of pancreatic (ductal), 3 of
prostatic, 3 of colorectal, and 2 of endometrial origin.

Results.—Cdx2 was expressed in normal colorectal epi-
thelium, in primary colorectal adenocarcinomas (20/20
cases), in secondary adenocarcinomas of colorectal (3/3)
and gastric (3/4) origin, and in metastatic ovarian mucin-
ous adenocarcinomas (2/2). In contrast, no Cdx2 immu-
noreactivity was observed in secondary colorectal tumors
of ovarian (serous and endometrioid), mammary, pancre-
atic, pulmonary, prostatic, and endometrial origin.

Conclusion.—Cdx2 immunostaining may be useful in
discriminating primary colorectal carcinomas from fre-
quent types of secondary colorectal adenocarcinomas of
nongastrointestinal origin. We suggest including Cdx2 in
any antibody panel put together to distinguish between pri-
mary and secondary epithelial colorectal malignancies.

(Arch Pathol Lab Med. 2005;129:920–923)

Secondary neoplasms or metastatic tumors of the large
intestine are relatively rare when compared with pri-

mary colorectal adenocarcinomas. The routes by which
they reach the colorectum include direct extension, intra-
peritoneal spread, and lymphohematogenous emboliza-
tion. The most common sites of origin of secondary colo-
rectal adenocarcinomas are the ovary, breast, prostate,
lung, stomach, uterus, colon, and pancreas.1–4 Melanoma
is the most common secondary malignancy among the no-
nepithelial tumors.1–4 Discriminating primary from sec-
ondary colorectal carcinomas may be difficult for clini-
cians and pathologists, but this differential diagnosis is of
crucial importance for therapeutic and prognostic purpos-
es. The distinction may be particularly challenging in
small colonoscopic biopsies, in which morphologic fea-
tures suggestive of a nonintestinal origin may be difficult
to identify.

The Cdx2 gene is an intestinal transcription factor in-
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volved in the proliferation and differentiation of intestinal
epithelial cells. Previous studies showed that Cdx2 is ex-
pressed in normal and neoplastic intestinal epithelial cells
with a relatively high sensitivity and specificity and that
it can be used as an immunohistochemical marker for neo-
plasms of intestinal origin.5–9 To our knowledge, the re-
activity of Cdx2 in adenocarcinomas metastatic to the
large bowel has not been yet studied.

The goal of the present investigation was to evaluate the
expression of Cdx2 in frequent types of secondary colo-
rectal adenocarcinomas so that we could determine
whether Cdx2 is useful in discriminating primary from
secondary colorectal tumors.

MATERIALS AND METHODS

Cases
Thirty-four cases of previously characterized, endoscopically

diagnosed, secondary colorectal adenocarcinomas and their cor-
responding primary tumors from the Pathology Departments of
the Hillel Yaffe, Sourasky, Meir, and Hasharon Medical Centers
were evaluated. Adenocarcinomas that metastasized to the colo-
rectum via hematogenous or peritoneal spreading and those that
secondarily invaded the colorectal wall from neighboring organs
were regarded as secondary tumors. Cases were selected in
which the diagnosis was well established on the basis of both the
histologic features of the primary tumor and the history provided
in the surgical pathology report. For comparison, 20 cases of pri-
mary colorectal carcinoma, including 9 cases showing poor dif-
ferentiation, were also examined. The secondary adenocarcino-
mas included 8 cases of ovarian (4 serous, 2 mucinous, and 2
endometrioid), 6 of mammary (4 lobular and 2 ductal), 4 of gas-
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Cdx2 Expression in Secondary Colorectal
Adenocarcinomas

Tumor Source
No. of Cdx2-

Positive*/Total Cases

Ovary 2/8
Serous
Mucinous
Endometrioid

0/4
2/2
0/2

Breast 0/6
Lobular
Ductal

0/4
0/2

Stomach 3/4
Intestinal type
Diffuse type

2/2
1/2

Lungs
Pancreas
Prostate
Colorectum
Endometrium

0/4
0/4
0/3
3/3
0/2

* All positive cases showed diffuse (21) staining.

tric (2 intestinal type and 2 diffuse type), 4 of pulmonary, 4 of
pancreatic (ductal), 3 of prostatic, 3 of colorectal, and 2 of endo-
metrial origin. The secondary carcinomas of colorectal origin in-
cluded 1 moderately and 2 poorly differentiated lesions. All orig-
inal slides were reviewed and formalin-fixed, paraffin-embedded
blocks containing well-preserved tumor specimens were selected
for Cdx2 immunostaining.

Immunostaining
For immunohistochemical evaluation, sections were deparaffin-

ized and subjected to high-temperature antigen unmasking in
Tris buffer, pH 9.5, using an electric pressure cooker set at 1188
for 4 minutes. The binding of Cdx2 (clone Cdx2-88, dilution 1:
25; BioGenex, San Ramon, Calif) was detected using a labeled
streptavidin-biotin peroxidase complex method. The formed
complexes were visualized with aminoethyl carbazole chromo-
gen/substrate. Sections were then counterstained with hematox-
ylin, dehydrated, cleared, and permanently mounted. Appropri-
ate positive and negative controls were performed on each
stained batch. The extent of immunostaining was scored semi-
quantitatively according to the estimated percentage of positive
tumor cells in secondary colorectal carcinomas as follows: 0, no
staining; 11, focal, 1% to 19% reactive cells; 21, diffuse, more
than 20% reactive cells.

RESULTS

Results of the study are summarized in the Table. Cdx2
was diffusely (21) expressed in primary colorectal ade-
nocarcinomas (20/20 cases), in secondary adenocarcino-
mas of colorectal (3/3) and gastric (2/2 intestinal type and
1/2 diffuse type) origin (Figures 1 and 2), and in meta-
static ovarian mucinous adenocarcinomas (2/2). In con-
trast, no Cdx2 immunoreactivity was observed in second-
ary colorectal tumors of mammary, pancreatic, pulmonary,
prostatic, and endometrial origin or in metastatic ovarian
serous and endometrioid carcinomas (Figure 3).

COMMENT

In the present study, we investigated the immunohis-
tochemical expression of Cdx2 in a series of secondary
colorectal adenocarcinomas and found that Cdx2 may be
useful in discriminating primary colorectal carcinomas
from secondary tumors of mammary, pancreatic, pulmo-
nary, prostatic, ovarian (serous and endometrioid), and en-
dometrial origin.

The incidence of secondary neoplasm involvement of
the large bowel varies greatly, depending on the type of
primary tumor as well as on the method of study. In the
autopsy study of Berge and Lundberg,10 the most common
sources of metastatic colorectal disease were the lungs
(22% of cases) and the breast (16%). In another series re-
porting colonic metastases diagnosed by biopsies, the
most frequent sites of origin were the ovary (27% of cases),
stomach (11%), uterus (9%), breast (7%), prostate (7%),
and lungs (6%).1 Secondary neoplasms may reach the
large bowel by various routes. Direct extension or perito-
neal seeding is seen with gastric, colonic, uterine, and
ovarian adenocarcinomas. Prostatic and pancreatic malig-
nancies can also infiltrate the colorectal wall by direct ex-
tension, whereas mammary and pulmonary tumors are
the most frequent sources of hematogenous metastases.1–4

The vast majority of gastrointestinal metastatic lesions
from breast cancer are lobular.11,12 Typically, they diffusely
infiltrate the gastrointestinal wall instead of forming sol-
itary masses, and they may mimic lymphomas. This is
probably related to the loss of expression of the cell-cell
adhesion molecule E-cadherin in the infiltrating lobular
carcinoma.13

Colorectal metastases need to be differentiated from a
primary colonic cancer. Misdiagnosing a potentially re-
sectable primary colorectal carcinoma as metastatic or
treating a metastatic lesion as primary colorectal cancer
will result in inappropriate management. Grossly meta-
static lesions can form polyps that are indistinguishable
from ordinary mucosal colonic polyps. In other instances,
they infiltrate the colonic wall, producing annular lesions
mimicking primary colonic carcinoma, or they infiltrate
diffusely, simulating a linitis plastica appearance.1–4 His-
tologically, the presence of an intact colonic mucosa over-
lying a submucosal malignancy is suggestive of a second-
ary tumor. This finding in a colorectal biopsy, however,
may also represent a submucosal extension of an adjacent
primary carcinoma. On the other hand, metastatic tumors
can invade the colorectal mucosa, thus mimicking primary
malignancies. Immunohistochemical stains, such as cyto-
keratin 7 and cytokeratin 20, can be used in an attempt to
assist in resolving this problem, but caution should be ex-
ercised when interpreting these immunostains, since they
lack specificity, and overlapping immunohistochemical re-
sults have been reported.14–16

Human Cdx2 protein is a member of the homeobox
gene that encodes an intestine-specific transcription factor.
This protein regulates normal intestinal development and
differentiation. It plays a critical role in triggering cells
toward the phenotype of differentiated enterocytes as well
as in maintaining the phenotype.17–19 Cdx2 expression in
adult nonneoplastic tissues is restricted to normal intes-
tinal epithelium, a subset of normal pancreatic epithelial
cells, and gastric and esophageal intestinal metaplasia.6–9,20–23

In neoplasms, it was expressed by 86% to 100% of intes-
tinal carcinomas5–7,9 and less frequently by gastric adeno-
carcinomas, mainly intestinal-type tumors, and mucinous
ovarian carcinomas.5–7,9,20,21,24,25 In fact, our findings con-
curred with previous reports by showing that Cdx2 ex-
pression is limited to adenocarcinomas of colonic and gas-
tric origin and ovarian mucinous carcinomas. As for Cdx2
expression in pancreatic ductal adenocarcinomas, there
appears to be somewhat less agreement in the literature.
Werling et al7 reported scores of 21 (26%–75% positive
cells) and 31 (.75% positive cells) positivity in 7 (32%)
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Figure 1. Cdx2 is expressed by normal (left) and neoplastic colonic epithelium in a poorly differentiated colorectal carcinoma (original magni-
fication 3200).

Figure 2. Cdx2 is positive in normal colonic epithelium (left) and metastatic poorly differentiated (diffuse type) gastric adenocarcinoma (original
magnification 3200).

Figure 3. a, Colonic mucosa showing absence of Cdx2 immunoexpression in metastatic breast (lobular) carcinoma. Note positive reaction in
residual normal colonic epithelium (original magnification 3200). b, Colonic mucosa showing negative Cdx2 immunostaining in metastatic
pulmonary adenocarcinoma. Residual normal colonic epithelium is Cdx2 positive (original magnification 3200). c, Colonic mucosa showing
absence of Cdx2 reactivity in secondary colorectal carcinoma of ovarian (serous) origin. Note positive reaction in residual normal colonic epithe-
lium (original magnification 3100). d, Colonic mucosa showing negative Cdx2 immunostaining in secondary colorectal adenocarcinoma of
pancreatic origin. Residual normal colonic epithelium is Cdx2 positive (original magnification 3100).
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of 22 cases, Moskaluk et al6 found 11 (,25% positive
cells) expression in 8 (33%) of 24 cases, and in the series
of Adsay et al,26 Cdx2 reacted with 12 (16%) of 74 cases.
In contrast, Kaimaktchiev et al9 found only 2 (3%) of 70
cases positive for this marker. In our study, all 5 secondary
tumors of pancreatic ductal origin failed to express Cdx2.
Conflicting results have been also reported on Cdx2 im-
munostaining of poorly differentiated colorectal adeno-
carcinomas. Hinoi et al27 demonstrated that a rare subset
of poorly differentiated colonic carcinomas termed large
cell minimally differentiated carcinoma or medullary car-
cinoma are characterized by microsatellite instability and
loss of Cdx2 expression. Kaimaktchiev et al9 recently stud-
ied tissue microarray samples of 1109 colorectal adeno-
carcinomas and found a lack of Cdx2 reactivity in 50
(6.7%) of 747 moderately differentiated tumors and in 14
(28%) of 50 poorly differentiated tumors. They concluded
that Cdx2 expression decreases with tumor differentiation.
Other series, however, failed to find a strong correlation
between Cdx2 expression and the level of differentiation
in colorectal adenocarcinomas. In the study of Werling et
al,7 74 of 75 colonic carcinomas showed high levels of
Cdx2 expression (21 or 31). Although several high-grade
tumors showed scores of 21 (26%–75% positive cells)
compared with scores of 31 (.75% positive cells) that
were observed in all well-differentiated carcinomas, the
authors concluded that the expression of Cdx2 did not ap-
pear to correlate with the level of tumor differentiation.
Moskaluk et al6 analyzed 60 microarray tissue samples of
colorectal adenocarcinoma, including a nonspecified num-
ber of poorly differentiated tumors, and Cdx2 was posi-
tive in all cases. In the study of Barbareschi et al,5 58 of
60 colonic carcinomas expressed Cdx2 with a score of 31
(51%–100% positive cells). The only 2 negative cases had
microsatellite instability and were characterized by poorly
differentiated morphology, confirming that the loss of
Cdx2 expression may be present in a rare subgroup of
poorly differentiated tumors with microsatellite instabili-
ty.5,27 In our study, all cases of poorly differentiated colo-
rectal adenocarcinomas (9 primary and 2 secondary) were
Cdx2 positive.

The potential utility of Cdx2 immunoexpression in the
diagnosis of secondary colorectal adenocarcinomas was
corroborated by our finding that secondary adenocarci-
nomas that arose outside the gastrointestinal tract were
Cdx2 negative, with the exception of ovarian mucinous
carcinomas. Cdx2 immunostaining may be particularly
useful in cases of colorectal tumors developing in patients
with a known primary adenocarcinoma arising in the
breast, lungs, pancreas, prostate, endometrium, and ova-
ries (serous and endometrial types). Histopathologic com-
parison with the original cancer specimen and an appro-
priate panel of immunohistochemical stains including
Cdx2 will facilitate the diagnosis of secondary cancer in
the colorectum, thereby allowing the initiation of appro-
priate systemic oncologic therapy and avoiding unneces-
sary surgery.

In summary, Cdx2 is useful in discriminating primary
from frequent forms of secondary colorectal adenocarci-
nomas of nongastrointestinal origin. As with any other
marker, it should be interpreted only in the context of the

overall clinicopathologic scenario and as a component of
a panel of immunostains.

We thank S. Younes, BA, for technical assistance and A. Ehrlich,
MA, and E. Eshkol, MLS, for editing this manuscript.

References
1. Geboes K. Rare and secondary (metastatic) tumors of the large intestine. In:

Whitehead R, ed. Gastrointestinal and Oesophageal Pathology. 2nd ed. Edin-
burgh: Churchill Livingstone; 1995:910–924.

2. Libshitz HI, Lindell MM, Dodd GD. Metastases to the hollow viscera. Radiol
Clin North Am. 1982;20:487–499.

3. Caramella E, Bruneton J-N, Roux P, et al. Metastases of the digestive tract:
report of 77 cases and review of the literature. Eur J Radiol. 1983;3:331–338.

4. Feczko PJ, Collins DD, Mezwa DG. Metastatic disease involving the gastro-
intestinal tract. Radiol Clin North Am. 1993;31:1359–1373.

5. Barbareschi M, Murer B, Colby TV, et al. CDX-2 homeobox gene expression
is a reliable marker of colorectal metastases to the lungs. Am J Surg Pathol. 2003;
27:141–149.

6. Moskaluk CA, Zhang H, Powell SM, et al. Cdx2 protein expression in nor-
mal and malignant human tissues: an immunohistochemical survey using tissue
microarrays. Mod Pathol. 2003;16:913–919.

7. Werling RW, Yaziji H, Bacchi CE, et al. CDX2, a highly sensitive and specific
marker of adenocarcinomas of intestinal origin: an immunohistochemical survey
of 476 primary and metastatic carcinomas. Am J Surg Pathol. 2003;27:303–310.

8. Li MK, Folpe AL. CDX-2, a new marker for adenocarcinoma of gastrointes-
tinal origin. Adv Anat Pathol. 2004;11:101–105.

9. Kaimaktchiev V, Terracciano L, Tornillo L, et al. The homeobox intestinal
differentiation factor CDX2 is selectively expressed in gastrointestinal adenocar-
cinomas. Mod Pathol. 2004;17:1392–1399.

10. Berge T, Lundberg S. Cancer in Malmo 1958–1969: an autopsy study. Acta
Pathol Microbiol Scand Suppl. 1977;260:140–149.

11. Winston CB, Hadar O, Teitcher, et al. Metastatic lobular carcinoma of the
breast: patterns of spread in the chest, abdomen, and pelvis on CT. Am J Roent-
genol. 2000;175:795–800.

12. Taal BG, den Hartog Jager FC, Steinmetz R, Peterse H. The spectrum of
gastrointestinal metastases of breast carcinoma, II: the colon and rectum. Gas-
trointest Endosc. 1992;38:136–141.

13. Sastre-Garau X, Jouve M, Asselain B, Vincent-Salomon A, Beuzeboc P.
Infiltrating lobular carcinoma of the breast: clinicopathologic analysis of 975 cas-
es with reference to data on conservative therapy and metastatic patterns. Cancer.
1996;77:113–120.

14. Berezowski K, Stastny JF, Kornstein MJ. Cytokeratins 7 and 20 and carci-
noembryonic antigen in ovarian and colonic carcinoma. Mod Pathol. 1995;9:
426–429.

15. Lagendijk JH, Mullink H, Van Diest PJ, Meijer GA, Meijer CJ. Tracing the
origin of adenocarcinomas with unknown primary using immunohistochemistry:
differential diagnosis between colonic and ovarian carcinomas as primary sites.
Hum Pathol. 1998;29:491–497.

16. Kende AI, Carr NJ, Sobin LH. Expression of cytokeratins 7 and 20 in car-
cinomas of the gastrointestinal tract. Histopathology. 2003;42:137–140.

17. Suh E, Chen L, Taylor J, Traber PG. A homeodomain protein related to
caudal regulates intestine-specific gene transcription. Mol Cell Biol. 1994;14:
7340–7351.

18. Suh E, Traber PG. An intestine-specific homeobox gene regulates prolif-
eration and differentiation. Mol Cell Biol. 1996;16:619–625.

19. Silberg DJ, Swain GP, Suth ER, Traber PG. Cdx1 and Cdx2 expression
during intestinal development. Gastroenterology. 2000;119:961–971.

20. Bai Y-Q, Yamamoto H, Akiyama Y, et al. Ectopic expression of homeodo-
main protein CDX2 in intestinal metaplasia and carcinomas of the stomach. Can-
cer Lett. 2002;176:47–55.

21. Almeida R, Silva E, Santos-Silva F, et al. Expression of intestine-specific
transcription factors, CDX1 and CDX2, in intestinal metaplasia and gastric car-
cinomas. J Pathol. 2003;199:36–40.

22. Phillips RW, Frierson HF, Moskaluk CA. Cdx2 as a marker of epithelial
intestinal differentiation in the esophagus. Am J Surg Pathol. 2003;27:1442–1447.

23. Groisman GM, Amar M, Meir A. Expression of the intestinal marker Cdx2
in the columnar-lined esophagus with and without intestinal (Barrett’s) metaplasia.
Mod Pathol. 2004;17:1282–1288.

24. Groisman GM, Meir A, Sabo E. The value of Cdx2 immunostaining in
differentiating primary ovarian carcinomas from colonic carcinomas metastatic
to the ovaries. Int J Gynecol Pathol. 2004;23:52–57.

25. Fraggetta F, Pelosi G, Cafici A, Scollo P, Nuciforo P, Viale G. CDX2 im-
munoreactivity in primary and metastatic ovarian mucinous tumours. Virchows
Arch. 2003;443:782–786.

26. Adsay NV, Merati K, Basturk O. Pathologically and biologically distinct
types of epithelium in intraductal papillary mucinous neoplasms: delineation of
an ‘‘intestinal’’ pathway of carcinogenesis in the pancreas. Am J Surg Pathol.
2004;28:839–848.

27. Hinoi T, Tani M, Lucas PC, et al. Loss of CDX2 expression and microsat-
ellite instability are prominent features of large cell minimally differentiated car-
cinomas of the colon. Am J Pathol. 2001;159:2239–2248.


