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Abstract

Purpose: Caudal-related homeobox transcription factor 2 (CDX2) has recently been proposed as a prognostic factor for gastric carcinoma.
However and to the best of our knowledge, no previous report has analyzed CDX2 expression in patients with gastric adenocarcinoma
receiving neoadjuvant therapy (NAT). Patients, Materials and Methods: This is a retrospective cohort study to analyze the potential role of
CDX2 expression to predict response to NAT and prognosis. This study has enrolled 57 patients receiving chemotherapy for locally advanced
gastric carcinoma. Results: 59.6% of the patients were men; mean age was 64.96 years. Only 8% of the patients showed a complete response
to therapy, 10% had grade 1, 28% grade 2, and 54% grade 3 regression, respectively, according to modified Ryan’s criteria. On follow-up,
38.6% of the patients showed recurrence of disease (50% distant metastasis) and 28.1% eventually died of it. Twenty-three (40.4%) patients
showed intense CDX2 expression. We found a statistically significant association between CDX2 expression and poor regression with
NAT, but we found no association with outcome. Discussion: Our study indicates that CDX2 expression can predict lack of response to NAT.
Our results have not confirmed the association with prognosis shown in previous reports. Conclusions: Despite these preliminary results,
furthermore studies are necessary to define the potential use of CDX2 in gastric carcinoma.
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 Introduction
Neoadjuvant therapy (NAT) has recently become a
standard therapeutic alternative for some solid tumors
[1–4], prior to surgical resection. Response to NAT is
an important prognostic factor and can be used to guide
adjuvant therapy. Several schemes to grade histopathological response have been proposed, but the American
Joint Committee on Cancer (AJCC) has recently proposed
to use the modified Ryan’s system reviewed by the College
of American Pathologists (CAP) [5]. Response is associated
to a better prognosis, but lack of response can delay surgery
and even make it impossible due to disease progression.
Caudal-related homeobox transcription factor (CDX2)
is a homeobox gene encoding an intestinal transcription
factor [6]. CDX2 is aberrantly expressed in many human
tumors and several recent reports have associated it to
prognosis in colon carcinoma [7]. Some authors have even
considered lack of CDX2 expression a potential marker
to indicate chemotherapy in stage II colon carcinoma [8].
Several studies have assessed the clinicopathological
and prognostic value of CDX2 expression in gastric
carcinoma [9–11]. A recent report by Masood et al. [12]
showed that CDX2 expression indicates good prognosis,
as already shown in other tumors [13, 14]. However and
to the best of our knowledge, no report has analyzed
CDX2 expression in patients receiving NAT for locally
advanced gastric carcinoma.
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 Patients, Materials and Methods
This is a retrospective cohort study performed at a
single institution, Hospital Fundación Jiménez Díaz, a
large tertiary hospital attending over 400 000 people in
Madrid, Spain. From the electronic files of the Department
of Surgical Pathology, we have retrieved all the cases of
patients undergoing surgery for gastric tubular (former
intestinal type in Lauren’s classification) carcinoma after
chemotherapy, between 2008–2011.
First, we have collected demographic data, like gender
or age. We have reviewed the diagnosed endoscopic
samples of adenocarcinoma and selected representative
areas of the tumor to construct a tissue microarray (TMA)
for immunohistochemistry (IHC). One mm cores were
identified from the selected areas and re-embedded into
a recipient paraffin block with a Manual Tissue Microarrayer (Beecher Instruments, Sun Prairie, WI, USA).
All cases were triplicated in the TMA. We obtained 4 μm
sections from this TMA and performed CDX2 staining
(Dako, FLEX monoclonal mouse anti-human CDX2, clone
DAK-CDX2, 1:50 dilution, Catalog No. GA080), with
the Dako immunostainer (Dako EnVision). The reaction
was highlighted with the Dako EnVision system detection
kit. This process is automatized and standardized at the
Department of Surgical Pathology, and both negative and
positive internal controls are used for every round of
staining. For the aim of this study, only nuclear expression
was considered positive.
ISSN (online) 2066–8279
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To estimate CDX2 expression, we measured both the
percentage of cells with nuclear brown staining (0–100%)
in the most intensely stained area of the tumor and also
the intensity of the reaction (0–3) (Figures 1–3).

Figure 1 – Lack of CDX2 expression (IHC staining
for CDX2, ×400).

In the post-NAT gastrectomy specimen, we have
measured the regression grade according to Becker’s and
modified Ryan’s criteria, which is the main outcome
measure in our study [15, 16].
Prognosis has been analyzed with the disease-free
survival (defined as the time elapsed between surgery
with curative intent and reappearance of disease, either
locally or distant in months) and the overall survival
(defined as the time elapsed between surgery with curative
intent and death due to disease in months).
All the pathological data have been independently
reviewed by two pathologists (AC and MJFA) blinded to
the outcome of the patients and cases with discordance
have been conjointly reviewed to reach consensus or else
reviewed by a third pathologist (JP).
All data were saved in an Excel file and subsequently
analyzed with Statistical Package for the Social Sciences
(SPSS) 20.0 for Windows. First, we described our results
with absolute numbers (and percentages) for qualitative
variables and mean (standard deviation) for quantitative
ones. Times were represented with the median value.
Association between CDX2 expression and the different
variables was analyzed with χ2 (chi)-squared test or
Student’s t-test, as indicated. Non-parametric Mann–
Whitney U-test was used for time variables. Significance
was established in a p-value <0.05, as usual.
The study has been reviewed and approved by the
Ethical Committee at Hospital Fundación Jiménez Díaz.
Patients have given written consent for study enrolment
and all data have been anonymized in accordance to
Spanish regulations regarding personal data protection.
 Results

Figure 2 – CDX2 weak nuclear expression (Hematoxylin–Eosin staining for CDX2, ×400).

Figure 3 – CDX2 high expression (IHC staining for
CDX2, ×400).

We multiplied both values to obtain a z-score ranging
from 0–300. To define the cut-off values to separate the
cases into negative and positive ones we performed a
receiver-operator curve analysis to define the best value
predicting regression. This cut-off value was established
in 40, with a sensitivity of 30% and specificity of 60%.

In this series, we have enrolled 57 patients fulfilling
inclusion criteria. 59.6% of the patients were men; mean
age was 64.96 years. Most patients received chemotherapy
based on the ECX protocol (namely, Epirubicin, Cisplatin
and Capecitabine) and only 10% received ECF (changing
Capecitabine for 5-Fluoruracil), following standard management recommendations in our Hospital. Most patients
were clinical and image stages T3 N+ (85%), with 10%
T2 N+ and 5% T4 N+. All patients were operated after
NAT. Table 1 summarizes the main results of our study,
according to CDX2 expression. Only 8% of the patients
showed a complete response to therapy, 10% had grade 1,
28% grade 2 and 54% grade 3 regression, according to
modified Ryan’s criteria. In other words, 82% of tumors
showed minor response to neoadjuvant treatment (Ryan’s
regression grades 2 or 3) and 18% of them showed major
response (complete response or grade 1 regression). On
follow-up, 38.6% of the patients showed recurrence of
disease (50% distant metastasis) and 28.1% eventually
died of it. Twenty-three (40.4%) patients showed intense
CDX2 expression.
We have found a statistically significant association
between gender and CDX2 expression. In our series, 70.5%
of the patients without CDX2 expression were males.
As for regression, CDX2 expression was significantly
associated to the lack of response to NAT, for only 5.5%
of the patients with high CDX2 expression showed major
response as opposed to 25% of the patients with low
CDX2 expression (p=0.04).
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Table 1 – Summary of the results according to CDX2 expression
Feature
Gender
ypT
ypN
Ryan’s regression grade

a

Age [years] (mean and SD)
Differentiation grade

b

Disease-free survival
(median [months]; range)
Overall survival
(median [months]; range)
Recurrence
Death due to disease

P-value for the
association

CDX2 negative (34 patients; 59.6%)

CDX2 positive (23 patients; 40.4%)

Males: 70.5%
Females: 29.5%
T1–T2: 26.5%
T3–T4: 73.5%
N0: 44.1%
N+: 55.9%
Minor: 75%
Major: 25%
66.06 (7.2)
Low grade: 66.7%
High grade: 33.3%

Males: 43.4%
Females: 57.6%
T1–T2: 10%
T3–T4: 90%
N0: 30.4%
N+: 69.6%
Minor: 94.5%
Major: 5.5%
63.15 (12.05)
Low grade: 58.3%
High grade: 41.7%

23.5 (5–34)

22 (9–40)

0.6

24 (7–43)

25.5 (11–56)

0.7

No: 58.8%
Yes: 41.2%
No: 73.5%
Yes: 36.5%

No: 65.2%
Yes: 34.8%
No: 69.5%
Yes: 30.5%

a

0.03
0.18
0.28
0.04
0.2
0.5

0.7
0.6

b

Minor: Ryan’s regression grades 2 and 3; Major: Complete response and Ryan’s regression grade 1. Differentiation grade: Low grade (well to
moderately differentiated, ≥50% gland formation); High grade (poorly differentiated, <50% gland formation). CDX2: Caudal-related homeobox
transcription factor 2; SD: Standard deviation.

Our study has not been able to show any association
with differentiation or N or T stage, as shown by other
authors.
 Discussion
Surgery remains as the best therapeutic option for
tumor management, but in recent times, targeted therapies
and neoadjuvant therapy have broadened the therapeutic
alternatives trying to improve patients’ outcome. However,
it is a well-known fact that some patients do not respond
to NAT and in this moment, there is an increasing interest
in defining factors that can predict response to NAT. This
is a well-explored field in many tumors [17–19], but it has
not been widely analyzed in gastric carcinoma [20, 21].
CDX2 is a homeobox gene encoding an intestinal
transcription factor. It has been shown to be aberrantly
expressed in many human tumors, including gastric
carcinoma. Recent reports have established that lack of
CDX2 expression in colorectal carcinoma is a feature of
bad prognosis and some authors have proposed to use
this factor to decide chemotherapy in stage II disease in
an attempt to improve outcome [8].
In the stomach, CDX2 expression has been linked to
intestinal metaplasia, a well-known risk factor for tumor
development [22]. Shin et al. [22] showed that CDX2
mRNA expression was increased in patients with Helicobacter pylori infection and that response to triple therapy
led to a reduction of CDX2 expression in these cases,
associated to the disappearance of intestinal metaplasia
in gastric biopsies. Camilo et al. reviewed a series of 201
patients with gastric carcinoma and showed that those
tumors with CDX2 expression and lack of SOX2 had a
better outcome [11]. Similar results have been obtained
in a recent report by Masood et al. with 100 patients [12].
In their series, 30.7% of the patients showed CDX2
expression and had a significantly better prognosis compared to negative cases. These results are in accordance
with those reported in colon and small intestine adenocarcinoma [13, 14].

Few reports have tried to predict response in gastric
tumors and to the best of our knowledge none of them
have based on CDX2 expression in the diagnostic of
endoscopic biopsies. Despite the small number of cases
(57 patients), our results are not in accordance with the
reported good prognostic influence indicated by other
authors in gastric carcinoma. In fact, our results indicate
that CDX2 expression is a harbinger of a poor response
to therapy. Besides, our study has not been able to confirm
the association to less lymph node involvement or better
differentiation, as shown by other authors [13]. We do not
have a definite explanation for these apparently contradictory findings, but our patients had received NAT and the
outcome should necessarily been influenced by it. It might
be tumors with CDX2 expression are less aggressive, as
already shown by some authors and therefore respond
less than high-grade ones to therapy. Another intriguing
fact is that men show in our series a significantly lower
rate of CDX2 expression in contrast to the results shown
by Wang et al. in their meta-analysis [9]. This is a fact for
which we have no clear explanation.
Our study has several limitations. The most important
ones are its retrospective nature and the small number of
cases (57 patients). The high number of males (almost 60%
in our series) could have influenced results due to the lower
frequency of CDX2 expression in men, although this
situation reflects the gender ratio in gastric carcinoma.
 Conclusions
Several studies have shown that CDX2 expression in
malignant tumors and specifically in gastric cancer is
associated with better prognosis. In our series of patients
treated with neoadjuvant therapy, we have not been able
to demonstrate an association between CDX2 expression
and tumor stage or differentiation. On the contrary, we
have found a relationship between CDX2 expression
and lack of response to neoadjuvant therapy. We feel
furthermore studies are necessary before any conclusion
can be used regarding potential significance of CDX2
study to predict response to NAT.
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