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Background: Colorectal carcinomas (CRCs) with caudal-type homeobox 2 (CDX2) loss are recognized to pursue an aggressive behavior but tend 
to be accompanied by a high density of tumor-infiltrating lymphocytes (TILs). However, little is known about whether there is an interplay be-
tween CDX2 loss and TIL density in the survival of patients with CRC. Methods: Stage III CRC tissues were assessed for CDX2 loss using immuno-
histochemistry and analyzed for their densities of CD8 TILs in both intraepithelial (iTILs) and stromal areas using a machine learning-based ana-
lytic method. Results: CDX2 loss was significantly associated with a higher density of CD8 TILs in both intraepithelial and stromal areas. Both 
CDX2 loss and a high CD8 iTIL density were found to be prognostic parameters and showed hazard ratios of 2.314 (1.050–5.100) and 0.378 
(0.175–0.817), respectively, for cancer-specific survival. A subset of CRCs with retained CDX2 expression and a high density of CD8 iTILs showed 
the best clinical outcome (hazard ratio of 0.138 [0.023–0.826]), whereas a subset with CDX2 loss and a high density of CD8 iTILs exhibited the 
worst clinical outcome (15.781 [3.939–63.230]). Conclusions: Altogether, a high density of CD8 iTILs did not make a difference in the survival of 
patients with CRC with CDX2 loss. The combination of CDX2 expression and intraepithelial CD8 TIL density was an independent prognostic 
marker in adjuvant chemotherapy-treated patients with stage III CRC.
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INTRODUCTION

Colorectal cancer (CRC) ranks third in cancer prevalence and 
second in cancer mortality worldwide [1]. The prognostication 
of patients with CRC is globally based on the tumor, node, 
metastasis (TNM) staging, which reflects the extent of the can-
cer. However, there is significant variation in survival among 
patients who have the same cancer stage [2,3]. Fluoropyrimi-

dine-oxaliplatin combination (FOLFOX) therapy is standard 
care after surgery for patients with stage III colon cancer. How-
ever, it is estimated that a considerable portion of patients with 
stage III colon cancer do not benefit from adjuvant FOLFOX 
therapy, and some patients suffer from unnecessary toxicity 
[4-7]. Thus, it is necessary to develop clinicopathological or 
molecular biomarkers that help to identify whether patents will 
benefit from adjuvant combination therapy.
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Caudal-type homeobox 2 (CDX2) is a major regulator of 
intestine-specific genes involved in cell growth and differenti-
ation. CDX2 is a gene that is only active in the small and large 
intestines and is detected in most CRCs (90%) [8-10]. Patients 
with CRC which has no CDX2 expression tend to have worse 
outcomes [8,11]. Although CDX2 loss has been shown to be a 
marker of poor prognosis in stage II colon cancer [12], CDX2 
loss has been demonstrated to be a marker of chemotherapy 
sensitivity in stage II colon cancer patients, implying that ad-
juvant chemotherapy might be a treatment option for patients 
with stage II CDX2-deficient colon cancer [13]. However, 
another previous study has suggested that CDX2 loss may be 
a possible negative marker of chemotherapy response in CRC 
patients with metastases [14].

Regarding the cause of CDX2 loss in CRC, promoter CpG 
island hypermethylation has been suggested [11]. CDX2 loss 
is more frequent in CRCs with CpG island methylator pheno-
type (CIMP) than in CRCs without CIMP [8,15] and in CRCs 
with microsatellite instability (MSI) than in CRCs without MSI 
[8,11,12,16]. CIMP and MSI have been shown to be associated 
with enhanced tumor-infiltrating lymphocyte (TIL) density 
[17,18]. There is not much information about the TIL status in 
CRCs that lack CDX2 expression [8], but CRCs that lack CDX2 
expression are likely to have higher TIL density than CRCs with 
retained CDX2 expression because of the relationship between 
CDX2 loss and MSI or CIMP. In terms of prognosis, it remains 
unclear whether patients with CDX2-deficient CRC show dif-
ferent clinical outcomes depending on TIL density status.

In the present study, we aimed to identify (1) whether CDX2 
loss is associated with poor clinical outcome in adjuvant FOLF-
OX-treated patients with stage III CRC, (2) whether CDX2 loss 
is associated with an increased density of TILs, and (3) whether 
there is an interplay between CDX2 expression and TIL status 
in patient survival. To resolve the above issues, we performed 
CDX2 immunohistochemistry (IHC) of cancer tissue samples 
from stage III CRC patients treated with adjuvant FOLFOX 
and quantified CD3-positive TILs and CD8-positive TILs in 
both intraepithelial and stromal areas using a machine learn-
ing-based analytic method and then correlated CDX2 expres-
sion status with clinicopathological and molecular features. To 
investigate whether an interplay exists between CDX2 loss and 
TIL density in the survival of patients with CRC, we examined 
the combined CDX2 expression and TIL density statuses to un-
derstand their impact on survival characteristics.

MATERIALS AND METHODS

Samples
Archival tissue blocks of the surgical specimens from 505 pa-
tients with stage III CRC who received adjuvant FOLFOX after 
curative surgery (R0) at Seoul National University Hospital 
(SNUH) between April 2005 and December 2012 were available 
for construction of a tissue microarray (TMA). Whole-slide 
immunostaining of CD3 and CD8 was possible in 446 of the 
505 patients. Patients were chosen for the present study based 
on the following criteria: they were over 18 years old, they had 
adenocarcinoma type of cancer, they had stage III CRC, they 
had their tumor removed completely with no cancer cells at the 
edges, and they finished at least six cycles of 5-fluorouracil plus 
oxaliplatin or four cycles of capecitabine plus oxaliplatin as ad-
juvant therapy. The present study did not include patients who 
met any of these criteria: having chemotherapy or radiotherapy 
before surgery, a genetic condition that causes many polyps in 
the colon and rectum, an idiopathic inflammatory bowel dis-
ease, or a previous diagnosis of any other cancer within 5 years. 
We reviewed electronic medical records and collected demo-
graphic and clinicopathological data, such as age, sex, tumor lo-
cation, histological differentiation, lymphatic emboli or venous 
invasion, perineural invasion, and American Joint Committee 
on Cancer/International Union against Cancer (AJCC/UICC) 
cancer stage (7th edition).

Immunohistochemistry
One pathologist (S.Y.Y.) selected the paraffin tissue block most 
representative of the tumor, and whole-slide sections were 
subjected to IHC with antibodies against CD3 (clone F7.2.38, 
Dako, Carpenteria, CA, USA) and CD8 (clone SP57, Ventana 
Medical Systems, Tucson, AZ, USA) [19]. The TMA blocks 
received cores that were 2 mm across and taken from two sep-
arate regions of the tumor. TMA sections of 4-μm thickness 
were stained with primary antibodies against KRT7 (cytokera-
tin 7 [CK7], clone OV-TL 12/30, Dako), KRT20 (CK20, clone 
Ks20.8, Dako), and CDX2 (clone EPR2764Y ready-to-use, Cell 
Marque, Rocklin, CA, USA). An Aperio AT2 slide scanner 
(Leica Biosystems, Wetzlar, Germany) was used to scan all the 
stained slides. To interpret the IHC results, the proportion of 
tumor cells that expressed KRT7 and KRT20 in their cytoplasm 
was measured. The threshold was based on scores of 10% and 
50% for high KRT7 expression and low KRT20 expression, re-
spectively, following a prior study [8]. To interpret CDX2 IHC 
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results, we used the H score to measure the intensity and extent 
of nuclear staining. the H score was calculated with this formu-
la: 3 × percentage of strongly stained nuclei + 2 × percentage of 
moderately stained nuclei + 1 × percentage of weakly stained 
nuclei. The cutoff value was set at an H score of 20, and an H 
score of <20 was called loss of expression [20]. The analytic 
pipeline used the virtual slide files of CD3 and CD8 IHC as 
input, and its detailed protocol can be found at http://dx.doi.
org/10.17504/protocols.io.yqvfvw6 [21]. After a user marked 
the tumor area on a given image, the algorithm divided the area 
into tiles of 1 mm × 1 mm and calculated the median density 
(number of cells/mm2) of TILs inside the epithelium (iTILs) 
and TILs in the stroma (sTILs).

DNA extraction, microsatellite instability analysis, and 
mutation analysis of KRAS and BRAF
Using a microscope, the parts of the tumor with typical his-
tology and the most tumor cells were marked on glass slides, 
and the corresponding areas from the unstained tissue slides 
after deparaffinization were scraped from the glass slides. The 
tissues that were scraped off were transferred into microtubes 
with tissue lysis buffer and proteinase K and then left to incu-
bate at 55°C for 24 hours. After centrifugation, the supernatant 
was transferred to a new tube and kept in a deep freezer. The 
fluorescent multiplex polymerase chain reaction (PCR) method 
with five microsatellite markers suggested by National Cancer 
Institute (BAT25, BAT26, D2S123, D5S346, and D17S250) was 
used to determine the MSI status of each tumor. Tumors were 
categorized as MSI-H (MSI-high, with ≥2 unstable markers 
out of 5) or MSS (microsatellite-stable, with 1 or no unstable 
marker) (n = 503). Real-time PCR-based allelic discrimination 
was used to examine BRAF mutations at codon 600 (V600E) (n 
= 492). Codons 12 and 13 of KRAS exon 2 were sequenced to 
determine their mutation statuses (n = 486).

Bisulfite modification and methylation analysis
Using an EZ DNA methylation kit (Zymo Research, Orange, CA, 
USA), genomic DNA underwent bisulfite conversion, and then 
the MethyLight assay was used to assess the methylation level 
of these CIMP-specific markers (CACNA1G, CDKN2A (p16), 
CRABP1, IGF2, MLH1, NEUROG1, RUNX3, and SOCS1) (n 
= 500). The primer sequences and PCR conditions have been 
previously reported [22,23]. We performed the MethyLight assay 
three times and used the median value to show the methyla-
tion level of each marker. To determine the methylation status 

of a specific marker, the percentage of methylated reference 
(PMR) was calculated, and a marker with a median PMR >4 was 
deemed to be methylated. Each tumor was assessed for CIMP 
status and grouped into CIMP-H (CIMP-high, ≥ 5 out of 8 meth-
ylated markers), CIMP-L (CIMP-low, 1–4 methylated markers), 
or CIMP-0 (no methylation) as previously reported [17].

Statistical analysis
The normality test was conducted to determine whether TIL 
density was normally distributed using the Shapiro-Wilks test. 
The null hypothesis that the TIL density is normally distributed 
was rejected because the p-value was below .05 for all four types 
of TILs, including intraepithelial CD3 TILs (CD3 iTILs), stro-
mal CD3 TILs (CD3 sTILs), CD8 iTILs, and CD8 sTILs. Thus, 
comparison of the TIL density between subsets of CRCs with 
CDX2 loss and with CDX2 retention was performed using the 
nonparametric Mann-Whitney U test. Student’s t test was used 
to compare the age distribution of two groups. For 2 × 2 con-
tingency tables with a sample size of more than 5, a two-sided 
chi-square test was performed, while a Kruskal-Wallis test was 
applied for contingency tables with more than 2 × 2 dimen-
sions. We measured the time from surgery to death by CRC as 
cancer-specific survival (CSS) time and the time from surgery 
to confirmed recurrence as recurrence-free survival (RFS) 
time. We censored the data from patients who did not die from 
CRC or relapse by the last follow-up visit for the CSS and RFS 
analyses, respectively. We used the Kaplan-Meier log-rank test 
to compare survival across groups. We estimated the hazard 
ratio with the Cox proportional hazard model and adjusted 
for baseline characteristics with a backward stepwise model 
that included the following covariates that were significant in 
univariate survival analysis: differentiation (high grade vs. low 
grade), venous invasion (present vs. absent), lymphatic emboli 
(present vs. absent), T category (T4 vs. T1–3), N category (N2 
vs. N1), CK7 (expressed vs. not expressed), KRAS (mutant vs. 
wild type), CD3 sTIL, and CD8 sTIL.

RESULTS

The follow-up period for the 505 patients was a mean of 68.2 
months (range, 4.1 to 134.8 months). Table 1 shows the demo-
graphic data. There were 303 males and 202 females. The tumor 
subsite was distributed as follows: 150 in the right colon, 289 in 
the left colon, and 66 in the rectum. CIMP-H and MSIH CRCs 
were present in 5.4% and 5.6% of stage III CRCs, respectively. 

http://dx.doi.org/10.17504/protocols.io.yqvfvw6
http://dx.doi.org/10.17504/protocols.io.yqvfvw6
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KRAS and BRAF mutations occurred in 28.8% and 3.5% of pa-
tients, respectively.

Relationships between decreased expression of CDX2 
and clinicopathological features
Decreased expression of CDX2 (CDX2 loss) was found in 
12.5% of stage III CRCs (Fig. 1). CDX2 loss was associated with 
a younger age of onset (56.1 vs. 59.8 years, Student’s t test, p = 
.003). CDX2 loss was more frequent in the right colon than in 
the left colon and rectum, in CRCs with high-grade histological 
differentiation than in CRCs with low-grade histological differ-
entiation, in CIMP-H CRCs than in CIMP-L,0 CRCs, in MSI-H 
CRCs than in MSS CRCs, in CRCs with BRAF mutations than 
in CRCs without BRAF mutation, in CRCs with decreased ex-
pression of KRT20 than in CRCs without decreased expression 
of KRT20, and in CRCs with KRT7 expression than in CRCs 
without KRT7 expression (Table 1). CRCs with CDX2 loss 
showed a higher density of CD8 iTILs and sTILs than CRCs 
without CDX2 loss (Fig. 2). The significance of the difference 
was higher in the density of CD8 iTILs than in that of CD8 
sTILs. However, the densities of CD3 iTILs and sTILs tended to 
be higher in CRCs with CDX2 loss than in CRCs with retained 
CDX2 expression, but the difference did not reach statistical 
significance (Fig. 2).

Association of CDX2 loss with worse clinical outcome
In univariate survival analysis, CDX2 loss was found to be sig-
nificantly associated with shortened CSS but not RFS (Fig. 3A, 
B). In addition, several clinicopathological parameters, includ-
ing tumor differentiation, T category, N category, lymphatic 
emboli, venous invasion, KRAS mutation, KRT7 expression, 
CD3 sTILs, CD8 iTILs (Fig. 3C, D), and CD8 sTILs, were found 
to be significant prognostic factors in the univariate analysis of 
CSS (Table 2).

Combination of CDX2 expression and CD8 iTIL den-
sity status as a prognostic parameter
The combination of CDX2 expression and CD8 iTIL density 
status generates four subsets of CRCs. In the analysis of CSS 
using the Kaplan-Meier log-rank test, a subset with retained 
CDX2 expression and a high density of CD8 iTILs showed the 
best clinical outcome, whereas subsets with CDX2 loss exhibit-
ed worse clinical outcomes, regardless of CD8 iTIL status, than 
a subset with retained CDX2 expression and a high density of 
CD8 iTILs (Fig. 4). Statistically, there was no significant sur-

Table 1. Association of clinicopathological and molecular features 
between CRCs with and without CDX2 loss

Parameter No. CRCs with 
CDX2 loss

CRCs with 
retained CDX2 p-value

Sex .681
 Male 303 36 (42.9) 267 (39.6)
 Female 202 27 (57.1) 175 (60.4)
Location .049
 Right colon 150 26 (41.3) 124 (28.1)
 Left colon 289 33 (52.4) 256 (57.9)
 Rectum 66 4 (6.3) 62 (14.0)
Differentiation <.001
 Low 469 50 (79.4) 419 (94.8)
 High 36 13 (20.6) 23 (5.2)
Venous invasion .831
 Absent 450 57 (90.5) 393 (88.9)
 Present 55 6 (9.5) 49 (11.1)
Lymphatic emboli .172
 Absent 298 32 (50.8) 266 (60.2)
 Present 207 31 (49.2) 176 (39.8)
Perineural invasion .288
 Absent 369 50 (79.4) 319 (72.2)
 Present 136 13 (20.6) 123 (27.8)
T category .018
 T1 10 4 (6.3) 6 (1.4)
 T2 46 6 (9.5) 40 (9.0)
 T3 397 43 (68.3) 354 (80.1)
 T4 52 10 (15.9) 42 (9.5)
N category .313
 N1 348 40 (63.5) 308 (69.7)
 N2 157 23 (36.5) 134 (30.3)
CIMP <.001
 CIMP-L,0 473 51 (82.3) 422 (96.3)
 CIMP-H 27 11 (17.7) 16 (3.7)
MSI .001
 MSS 475 53 (84.1) 422 (95.9)
 MSI-H 28 10 (15.9) 18 (4.1)
KRAS .642
 Wild 346 39 (68.4) 307 (71.6)
 Mutant 129 18 (31.6) 122 (28.4)
BRAF <.001
 Wild 475 51 (85.0) 424 (98.1)
 Mutant 17 9 (15.0) 8 (1.9)
KRT20 <.001
 Decreased 68 35 (55.6) 33 (7.5)
 Retained 437 28 (44.4) 409 (92.5)
KRT7 <.001
 Not expressed 474 52 (82.5) 422 (95.5)
 Expressed 31 11 (17.5) 20 (4.5)

CRC, colorectal carcinoma; CDX2, caudal-type homeobox 2; CIMP, CpG 
island methylator phenotype; CIMP-L, CIMP-low; CIMP-0, no methyl-
ation; CIMP-H, CIMP-high; MSI, microsatellite instability; MSS, micro-
satellite-stable; MSI-H, MSI-high.



https://doi.org/10.4132/jptm.2024.09.2654

CDX2 loss and TILs in stage III CRC

Fig. 1. Representative cases of colorectal carcinomas (CRCs) with retained caudal-type homeobox 2 (CDX2) expression and a low CD8 in-
traepithelial tumor-infiltrating lymphocyte (iTIL) density (A, C) and with CDX2 loss and a high CD8 iTIL density (B, D).

Fig. 2. Comparison of intraepithelial or stromal tumor-infiltrating 
lymphocyte (iTIL or sTIL) density between colorectal carcinomas 
with and without CDX2 loss. CDX2–, expressional loss of CDX2; 
CDX2+, retained expression of CDX2.

vival difference between a subset with CDX2 loss and a high 
density of CD8 iTILs and a subset with CDX2 loss and a low 
density of CD8 iTILs (p = .384 and p = .501, CSS and RFS, 
respectively). In the multivariate analysis, the combination of 
CDX2 expression and CD8 iTILs was found to be an indepen-
dent prognostic parameter (Table 3).

DISCUSSION

In the present study, we analyzed a cohort of adjuvant FOLF-
OX-treated patients with stage III CRC regarding whether 
CDX2 loss was associated with a shortened survival, whether 
CDX2 expression status was associated with the intraepithelial 
or stromal TIL density, and whether there was an interplay 
between CDX2 expression and TIL density in patient survival. 
The findings demonstrated that CDX2 loss was a prognostic 
factor heralding poor prognosis in patients with stage III CRC 
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Thus, comparison of the TIL density between subsets of CRCs 
with CDX2 loss and with CDX2 retention was performed using 
the nonparametric Mann-Whitney U test. Student’s t test was 
used to compare the age distribution of two groups. For 2 × 2 
contingency tables with a sample size of more than 5, a two-sid-
ed chi-square test was performed, while a Kruskal-Wallis test 
was applied for contingency tables with more than 2 × 2 dimen-
sions. We measured the time from surgery to death by CRC as 
cancer-specific survival (CSS) time and the time from surgery to 
confirmed recurrence as recurrence-free survival (RFS) time. We 
censored the data from patients who did not die from CRC or 
relapse by the last follow-up visit for the CSS and RFS analyses, 
respectively. We used the Kaplan-Meier log-rank test to com-
pare survival across groups. We estimated the hazard ratio with 
the Cox proportional hazard model and adjusted for baseline 
characteristics with a backward stepwise model that included 
the following covariates that were significant in univariate sur-
vival analysis: differentiation (high grade vs. low grade), venous 
invasion (present vs. absent), lymphatic emboli (present vs. ab-

sent), T category (T4 vs. T1–3), N category (N2 vs. N1), CK7 
(expressed vs. not expressed), KRAS (mutant vs. wild type), 
CD3 sTIL, and CD8 sTIL.

RESULTS

The follow-up period for the 505 patients was a mean of 68.2 
months (range, 4.1 to 134.8 months). Table 1 shows the demo-
graphic data. There were 303 males and 202 females. The tu-
mor subsite was distributed as follows: 150 in the right colon, 
289 in the left colon, and 66 in the rectum. CIMP-H and MSI-
H CRCs were present in 5.4% and 5.6% of stage III CRCs, re-
spectively. KRAS and BRAF mutations occurred in 28.8% and 
3.5% of patients, respectively.

Relationships between decreased expression of CDX2 and 
clinicopathological features

Decreased expression of CDX2 (CDX2 loss) was found in 
12.5% of stage III CRCs (Fig. 1). CDX2 loss was associated with 
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a younger age of onset (56.1 vs. 59.8 years, Student’s t test, p = 

.003). CDX2 loss was more frequent in the right colon than in 
the left colon and rectum, in CRCs with high-grade histologi-
cal differentiation than in CRCs with low-grade histological 
differentiation, in CIMP-H CRCs than in CIMP-L,0 CRCs, in 
MSI-H CRCs than in MSS CRCs, in CRCs with BRAF muta-
tions than in CRCs without BRAF mutation, in CRCs with 
decreased expression of KRT20 than in CRCs without de-
creased expression of KRT20, and in CRCs with KRT7 expres-
sion than in CRCs without KRT7 expression (Table 1). CRCs 
with CDX2 loss showed a higher density of CD8 iTILs and 
sTILs than CRCs without CDX2 loss (Fig. 2). The significance 
of the difference was higher in the density of CD8 iTILs than in 
that of CD8 sTILs. However, the densities of CD3 iTILs and 

Fig. 2. Comparison of intraepithelial or stromal tumor-infiltrating 
lymphocyte (iTIL or sTIL) density between colorectal carcinomas 
with and without CDX2 loss. CDX2–, expressional loss of CDX2; 
CDX2+, retained expression of CDX2.
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Fig. 3. Kaplan-Meier curves of cancer-specific survival (A, C) and recurrence-free survival (B, D) in adjuvant FOLFOX-treated patients with 
stage III colorectal carcinoma (CRC) according to caudal-type homeobox 2 (CDX2) expression status (A, B) and CD8 intraepithelial tu-
mor-infiltrating lymphocyte (iTIL) density status (C, D). CDX2+ (retained expression, n = 442) and CDX2- (loss of expression, n = 63); CD8 
iTIL-high (n = 223) and CD8 iTIL-low CRC (n = 223).

treated with adjuvant FOLFOX, CDX2 loss was accompanied 
by increased infiltration of CD8 iTILs and sTILs, and a com-
bined status of CDX2 expression and CD8 iTIL density was an 
independent prognostic parameter in FOLFOX-treated patients 
with stage III CRC.

In the present study, CRCs with CDX2 loss showed higher 
densities of CD8 iTILs and sTILs than CRCs with retained 
CDX2 expression. However, in terms of prognosis, CDX2 loss 
might collide with an increased density of CD8 iTILs because 
CDX2 loss and an increased density of CD8 iTILs were associ-
ated with worse and better survival, respectively (Table 2, Fig. 3). 
Of the four subsets generated by the combination of CDX2 ex-
pression and CD8 iTIL density statuses, a subset of CRCs with 

retained CDX2 expression and high CD8 iTIL density showed 
the best clinical outcome, which is in accordance with Derang-
ere et al.’s study [24] in which stage III colon cancers harboring 
high CDX2 expression and a high CD3 TIL were associated 
with a good prognosis. However, in the present study, the worst 
clinical outcome was observed in a subset of CRCs with CDX2 
loss and high CD8 iTIL density, in contrast to Derangere et al.’s 
study [24], which showed the worst prognosis in stage III colon 
cancers with low CDX2 expression and a low CD3 TIL density. 
The reason for such a discrepancy might be related to the dif-
ferent cutoff values set for CDX2 expression and TIL density for 
dichotomization. In Derangere et al.’s study [24], three-fourths 
of colon cancers were classified into tumors with low CDX2 
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a younger age of onset (56.1 vs. 59.8 years, Student’s t test, p = 

.003). CDX2 loss was more frequent in the right colon than in 
the left colon and rectum, in CRCs with high-grade histologi-
cal differentiation than in CRCs with low-grade histological 
differentiation, in CIMP-H CRCs than in CIMP-L,0 CRCs, in 
MSI-H CRCs than in MSS CRCs, in CRCs with BRAF muta-
tions than in CRCs without BRAF mutation, in CRCs with 
decreased expression of KRT20 than in CRCs without de-
creased expression of KRT20, and in CRCs with KRT7 expres-
sion than in CRCs without KRT7 expression (Table 1). CRCs 
with CDX2 loss showed a higher density of CD8 iTILs and 
sTILs than CRCs without CDX2 loss (Fig. 2). The significance 
of the difference was higher in the density of CD8 iTILs than in 
that of CD8 sTILs. However, the densities of CD3 iTILs and 

Fig. 2. Comparison of intraepithelial or stromal tumor-infiltrating 
lymphocyte (iTIL or sTIL) density between colorectal carcinomas 
with and without CDX2 loss. CDX2–, expressional loss of CDX2; 
CDX2+, retained expression of CDX2.
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expression, and two-thirds of colon cancers were classified into 
tumors with a low CD3 TIL density, whereas in our study, one-
eighth of CRCs were classified into tumors with CDX2 loss, and 
one-half of CRCs were classified into tumors with a low CD8 
iTIL density.

Because a high CD8 iTIL density is associated with good 
prognosis, it was expected that tumors with CDX2 loss and 
a low CD8 iTIL density would be associated with the worst 
survival. Interestingly, the density of CD8 iTILs did not sig-
nificantly impact the survival of patients with tumors exhib-
iting CDX2 loss. The underlying reason for this lack of effect 
remains challenging to explain. It can be speculated that CD8 
iTILs might be not effective in fighting against cancers with 
CDX2 loss. However, little information is available to support 
this assumption, and thus, spatial transcriptomics at the sin-
gle-cell level might provide clues to the explanation. Our result 
that the number of CD8 iTILs did not affect the survival of pa-
tients with tumors that had CDX2 loss seems to contradict the 
common belief of a better survival of patients with a high CD8 
TIL number [25]. But in human cancer, renal cell carcinoma 
is the tissue type where many CD8 TILs are strongly related to 
bad clinicopathologic data and worse patient survival [26-28]. 
Furthermore, in pancreatic cancer, the role of CD8+ T cells is 
not directly associated with clinicopathological parameters [28]. 
Thus, loss of CDX2 expression in CRC may indeed indicate a 
reduction in intestinal differentiation, in which the prognostic 
role of CD8 TILs might differ from that in CRCs with retained 
CDX2 expression.

In our study, CDX2 loss was associated with increased 
infiltration of intraepithelial and stromal CD8-positive lym-
phocytes. However, the association between CDX2 loss and in-
creased TIL density might be spurious because CDX2 loss was 
also associated with CIMP-H and MSI-H, which are known to 
be accompanied by increased TILs. Thus, to elucidate whether 
CDX2 loss is associated with increased TILs regardless of CIMP 
and MSI status, we analyzed the relationship between CDX2 
loss and increased TIL density in CRCs which are negative 
for CIMP-H and MSI-H, namely, CIMP-L,0 and MSS CRCs 
(n = 396). An increased density of CD8 iTILs was found in 
CIMP-L,0 and MSS CRCs with CDX2 loss (n = 34) compared 
with CIMP-L,0 and MSS CRCs with retained CDX2 expression 
(n = 362) (Supplementary Fig. S1). Such a finding indicates that 
the increased density of CD8 iTILs might be related to CDX2 
loss itself.

In summary, we found that in patients with stage III CRC, 

Table 2. Univariate analysis of cancer-specific survival
Parameter No. HR (95% CI) p-value
Differentiation .014
 Low grade 469 -
 High grade 36 2.997 (1.244–7.221)
N category < .001
 N1 348 -
 N2 157 3.459 (1.759–6.803)
T category .001
 T1-3 453 -
 T4 52 3.050 (1.567–5.936)
Lymphatic emboli < .001
 Absent 298 -
 Present 207 7.586 (3.149–18.272)
Venous invasion .004
 Absent 450 -
 Present 55 3.050 (1.429–6.512)
Perineural invasion .089
 Absent 369 -
 Present 136 1.818 (0.914–3.619)
CIMP .076
 CIMP-L,0 473 -
 CIMP-H 27 2.577 (0.906–7.333)
BRAF .320
 Wild 475 -
 Mutant 17 2.070 (0.494–8.678)
KRAS .007
 Wild 346 -
 Mutant 129 2.724 (1.315–5.644)
KRT7 .008
 Not expressed 474 -
 Expressed 31 3.316 (1.377–7.989)
KRT20 .717
 Retained 437 -
 Decreased 68 0.839 (0.324–2.169)
CDX2 .037
 Retained 442 -
 Loss 63 2.314 (1.050–5.100)
CD3 iTIL .316
 Low 224 -
 High 222 0.697 (0.344–1.412)
CD3 sTIL .026
 Low 216 -
 High 230 0.428 (0.203–0.903)
CD8 iTIL .013
 Low 223 -
 High 223 0.378 (0.175–0.817)
CD8 sTIL .028
 Low 223 -
 High 223 0.433 (0.205–0.915)
Combination of the CDX2 expression 

and CD8 iTIL density statuses
 CDX2 retained/CD8 iTIL-high 188 -
 CDX2 loss/CD8 iTIL-low 19 7.250 (1.211–43.401) .030
 CDX2 loss/CD8 iTIL-high 30 15.781 (3.939–63.230) <.001
 CDX2 retained/CD8 iTIL-low 209 6.686 (1.994–22.419) .002

HR, hazard ratio; CI, confidence interval; CIMP, CpG island methyla-
tor phenotype; CIMP-L, CIMP-low; CIMP-0, no methylation; CIMP-H, 
CIMP-high; iTIL, intraepithelial tumor-infiltrating lymphocyte; sTIL, stro-
mal tumor-infiltrating lymphocyte; CDX2, caudal-type homeobox 2.
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Fig. 4. Kaplan-Meier survival curves of cancer-specific survival (A) and recurrence-free survival (B). Kaplan-Meier survival analysis with the 
log-rank test was performed in adjuvant FOLFOX-treated patients with stage III colorectal carcinoma according to the combination of cau-
dal-type homeobox 2 (CDX2) expression and CD8 intraepithelial tumor-infiltrating lymphocyte (iTIL) density. CDX2+ (CDX2 retained)/CD8 
iTIL-high (n = 188); CDX2+/CD8 iTIL-low (n = 209); CDX2– (CDX2 loss)/CD8 iTIL-high (n = 30); CDX2–/CD8 iTIL-low (n = 19).
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In the present study, CRCs with CDX2 loss showed higher 
densities of CD8 iTILs and sTILs than CRCs with retained 
CDX2 expression. However, in terms of prognosis, CDX2 loss 

might collide with an increased density of CD8 iTILs because 
CDX2 loss and an increased density of CD8 iTILs were associ-
ated with worse and better survival, respectively (Table 2, Fig. 3). 
Of the four subsets generated by the combination of CDX2 ex-
pression and CD8 iTIL density statuses, a subset of CRCs with 
retained CDX2 expression and high CD8 iTIL density showed 
the best clinical outcome, which is in accordance with Derangere 
et al.’s study [24] in which stage III colon cancers harboring high 
CDX2 expression and a high CD3 TIL were associated with a 
good prognosis. However, in the present study, the worst clinical 
outcome was observed in a subset of CRCs with CDX2 loss and 
high CD8 iTIL density, in contrast to Derangere et al.’s study 
[24], which showed the worst prognosis in stage III colon can-
cers with low CDX2 expression and a low CD3 TIL density. The 
reason for such a discrepancy might be related to the different 
cutoff values set for CDX2 expression and TIL density for di-
chotomization. In Derangere et al.’s study [24], three-fourths of 
colon cancers were classified into tumors with low CDX2 ex-
pression, and two-thirds of colon cancers were classified into tu-
mors with a low CD3 TIL density, whereas in our study, one-
eighth of CRCs were classified into tumors with CDX2 loss, and 
one-half of CRCs were classified into tumors with a low CD8 
iTIL density. 

Because a high CD8 iTIL density is associated with good prog-
nosis, it was expected that tumors with CDX2 loss and a low 
CD8 iTIL density would be associated with the worst survival. 
Interestingly, the density of CD8 iTILs did not significantly im-
pact the survival of patients with tumors exhibiting CDX2 loss. 

Table 3. Multivariate survival analysis (cancer-specific survival)

Parameter HR (95% CI) p-value

Differentiation
   High grade vs. low grade 1.733 (0.559–5.368) .341
T category
   T4 vs. T1-3 1.934 (0.769–4.867) .161
N category
   N2 vs. N1 1.943 (0.901–4.187) .090
Lymphatic emboli
   Present vs. absent 4.432 (1.779–11.041) .001
Venous invasion
   Present vs. absent 1.618 (0.646–4.053) .304
KRAS
   Mutant vs. wild 2.318 (1.115–4.819) .024
KRT7
   Expressed vs. not expressed 1.984 (0.734–5.360) .177
CD3 sTIL
   High vs. low 0.438 (0.178–1.077) .072
CD8 sTIL
   High vs. low 0.685 (0.182–2.584) .577
Combination of the CDX2  
   expression and CD8 iTIL 
density statuses

   CDX2 retained/CD8 iTIL-high -
   CDX2 loss/CD8 iTIL-low 8.176 (1.137–58.783) .037
   CDX2 loss/CD8 iTIL-high 17.868 (3.429–93.100) .001
   CDX2 retained/CD8 iTIL-low 6.769 (1.542–29.703) .011

HR, hazard ratio; CI, confidence interval; sTIL, stromal tumor-infiltrating 
lymphocyte; iTIL, intraepithelial tumor-infiltrating lymphocyte.

Fig. 4. Kaplan-Meier survival curves of cancer-specific survival (A) and recurrence-free survival (B). Kaplan-Meier survival analysis with the 
log-rank test was performed in adjuvant FOLFOX-treated patients with stage III colorectal carcinoma according to the combination of cau-
dal-type homeobox 2 (CDX2) expression and CD8 intraepithelial tumor-infiltrating lymphocyte (iTIL) density. CDX2+ (CDX2 retained)/CD8 iT-
IL-high (n = 188); CDX2+/CD8 iTIL-low (n = 209); CDX2– (CDX2 loss)/CD8 iTIL-high (n = 30); CDX2–/CD8 iTIL-low (n = 19).
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Table 3. Multivariate survival analysis (cancer-specific survival)
Parameter HR (95% CI) p-value
Differentiation
 High grade vs. low grade 1.733 (0.559–5.368) .341
T category
 T4 vs. T1-3 1.934 (0.769–4.867) .161
N category
 N2 vs. N1 1.943 (0.901–4.187) .090
Lymphatic emboli
 Present vs. absent 4.432 (1.779–11.041) .001
Venous invasion
 Present vs. absent 1.618 (0.646–4.053) .304
KRAS
 Mutant vs. wild 2.318 (1.115–4.819) .024
KRT7
 Expressed vs. not expressed 1.984 (0.734–5.360) .177
CD3 sTIL
 High vs. low 0.438 (0.178–1.077) .072
CD8 sTIL
 High vs. low 0.685 (0.182–2.584) .577
Combination of the CDX2 expres-

sion and CD8 iTIL density statuses
 CDX2 retained/CD8 iTIL-high -
 CDX2 loss/CD8 iTIL-low 8.176 (1.137–58.783) .037
 CDX2 loss/CD8 iTIL-high 17.868 (3.429–93.100) .001
 CDX2 retained/CD8 iTIL-low 6.769 (1.542–29.703) .011

HR, hazard ratio; CI, confidence interval; sTIL, stromal tumor-infiltrating 
lymphocyte; iTIL, intraepithelial tumor-infiltrating lymphocyte.

CDX2 loss was associated with increased infiltration of CD8 
iTILs or sTILs, and the density of CD8 iTILs did not signifi-
cantly impact the survival of patients with CRC exhibiting 
CDX2 loss. The combination of CDX2 expression and intraep-
ithelial CD8 TIL density was found to be an independent prog-
nostic marker in adjuvant chemotherapy-treated patients with 
stage III CRC.
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