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CDX-2 expression correlates
with clinical outcomes in MSI-H
metastatic colorectal cancer
patients receiving immune
checkpoint inhibitors
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Immune checkpoint inhibitors (ICIs) showed efficacy in metastatic colorectal cancer (nCRC) with
mismatch-repair deficiency or high microsatellite instability ({MMR-MSI-H). Unfortunately, a patient’s
subgroup did not benefit from immunotherapy. Caudal-related homeobox transcription factor 2
(CDX-2) would seem to influence immunotherapy’s sensitivity, promoting the chemokine (C-X-C motif)
ligand 14 (CXCL14) expression. Therefore, we investigated CDX-2 role as a prognostic-predictive
marker in patients with mCRC MSI-H. We retrospectively collected data from 14 MSI-H mCRC patients
treated with ICls between 2019 and 2021. The primary endpoint was the 12-month progression-free-
survival (PFS) rate. The secondary endpoints were overall survival (OS), PFS, objective response rate
(ORR), and disease control rate (DCR). The PFS rate at 12 months was 81% in CDX-2 positive patients
vs 0% in CDX-2 negative patients (p=0.0011). The median PFS was not reached (NR) in the CDX-2
positive group versus 2.07 months (95%Cl 2.07-10.8) in CDX-2 negative patients (p=0.0011). Median
OS was NR in CDX-2-positive patients versus 2.17 months (95% Confidence Interval [CI] 2.17-18.7) in
CDX2-negative patients (p=0.026). All CDX-2-positive patients achieved a disease response, one of
them a complete response. Among CDX-2-negative patients, one achieved stable disease, while the
other progressed rapidly (ORR: 100% vs 0%, p=0.0005; DCR: 100% vs 50%, p=0.02). Twelve patients
received 1st-line pembrolizumab (11 CDX-2 positive and 1 CDX-2 negative) not reaching median PFS,
while two patients (1 CDX-2 positive and 1 CDX-2 negative) received 3rd-line pembrolizumab reaching
a median PFS of 10.8 months (95% Cl, 10.8-12.1; p=0.036). Although our study reports results on a
small population, the prognostic role of CDX-2 in CRC seems confirmed and could drive a promising
predictive role in defining the population more sensitive toimmunotherapy treatment. Modulating
the CDX-2/CXCL14 axis in CDX-2-negative patients could help overcome primary resistance to
immunotherapy.
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CDX-2 Caudal-related homeobox transcription factor 2
CRC Colorectal cancer
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dMMR  Mismatch-repair-deficiency
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ICI Immune-checkpoint inhibitors

mCRC  Metastatic colorectal cancer

MMR  Mismatch repair

MSI Microsatellite instability (H: high; L: low)
MSS Microsatellite stability

ORR Objective response rate

0S Overall survival
PES Progression free survival
TMB Tumour mutation burden

Nowadays, colorectal cancer (CRC) still represents the third most diagnosed malignancy. Despite recent progress
in defining tumor molecular profiles with more personalized therapeutic strategies, CRC remains the second
leading cause of cancer-related deaths worldwide!™.

In recent years, the development of immune-checkpoint inhibitors (ICIs) has led clinicians to explore their
role in advanced CRC settings®. Their efficacy appeared closely related to mutations in mismatch repair (MMR)
genes (MSH2, MSH6, MLH1, PMS1, and PMS2), essential for recognizing and repairing DNA errors that
occurred during its replication®®. MMR genes inactivation can be due to several mechanisms (e.g., germ-line
mutations or point mutations such as insertion and deletions), and this event can be involved in the tumorigenesis
process’. Microsatellite instability (MSI) results from accumulations of high levels of single-base mismatches
or short insertions and deletions in repetitive DNA tracts due to DNA mismatch repair system deficiencies'.
There are two distinct MSI phenotypes: high-MSI (MSI-H) and low-MSI (MSI-L), distinguished based on the
type and number (=40%) of microsatellites analyzed''. However, there is no evidence that MSI-L CRC differs
in their clinicopathological or molecular features from stable microsatellite tumors (MSS)'!. About 15% of
CRCs are IMMR/MSI-H; these are more likely to have early-stage disease. Advanced d-MMR/MSI-H CRCs
are approximately 5%'>1%,

CRCs with d-MMR/MSI-H are characterized by the production of several cancer neoantigens, increas-
ing tumor mutational burden (TMB) and immune cell infiltration, leading the tumor to be more sensitive to
immunotherapy'®. At the bedside, these observations were confirmed with findings of phase II studies: immune-
checkpoint inhibitors administered to pre-treated advanced d-MMR/MSI-H CRCs emerged as a highly effective
therapy for these patients®®. On the other hand, in these patients, the 5-Fluorouracil (5-FU) treatment efficacy
appears controversial: some authors have described a chemo-resistance associated with a different clinical course
and prognosis'®. In recent phase III Keynote-177 advanced d-MMR/MSI-H CRCs were randomized to receive
first-line therapy pembrolizumab vs 5-FU-based therapy with or without bevacizumab or cetuximab, accord-
ing to molecular cancer signature. The crossover was allowed for patients in the chemotherapy arm following
disease progression. Pembrolizumab was demonstrated to be more effective, leading to a meaningful improve-
ment in terms of PFS, response rate (RR), and health-related quality of life, associated with a lower incidence of
major treatment-related adverse events'®!”. In the recently published final survival analysis, the OS benefit from
pembrolizumab compared to the control arm was not statistically significant. This result is probably related to
the massive crossover (60.4%) of patients in the control arm who received anti-PD1 in the second line'®. Never-
theless, in the pembrolizumab arm, as shown in the PFS curves, a subgroup of patients did not benefit ab initio
from the treatment with the immune checkpoint inhibitor, and the analysis of the radiological response revealed
that progressive disease was described as the best response obtained in around 30% of patients enrolled in the
experimental arm'®. Therefore, immunotherapy would appear ineffective in a subset of patients with advanced
d-MMR/MSI-H CRC.

Thus, biomarkers need to be further investigated as predictive factors to guide clinicians’ treatment strategies.
CDX2 is a nuclear homeobox transcription factor that belongs to the caudal-related family of CDX homeobox
genes. CDX-2 is crucial for axial patterning of the alimentary tract during embryonic development, and it is
involved in cell proliferation, differentiation, adhesion, and apoptosis processes'. In adults, CDX-2 is only
expressed by intestine cells and can be used to identify the colorectal origin of adenocarcinomas®. This gene
can be downregulated by oncogenic pathways in CRC?!.

Over the last decades, the loss of the CDX-2 expression has been associated with disease progression, vessel
invasion, and metastasis, and CDX-2 negative CRCs are associated with poor prognosis and aggressive clinical
behavior?"?2, Dalerba et al. showed that lack of CDX-2 expression is correlated with high-risk stage II colon
cancer that may probably benefit from adjuvant chemotherapy?, and Aasebo et al. found that CDX-2 immuno-
chemistry loss is an independent negative prognostic factor for survival in mCRC*. In contrast, CDX-2 expres-
sion defines a group of BRAF mutated cases with better prognoses*.

However, the relationship between CDX-2 expression and immunotherapy response remains unclarified. In
a recent study, Wang et al. described that CDX-2 promotes the CXCL14 expression by activating its enhancer,
promoting natural killer cell-mediated immunotherapy®. Natural killer (NK) cells, known for their innate and
cytotoxic characteristics, were initially identified as a population of spleen-derived cytotoxic lymphocytes that
were neither B- nor T-lymphocytes®. NK cells act as the first line of defence against pathogens and tumours
through their effects on death receptor pathways and granule exocytosis, analogous to those of cytotoxic T lym-
phocytes (CTLs)?”. CXCL14, also known as BRAK and expressed in a wide range of normal cells, is particularly
abundant in epithelial cells. CXCL14 is also expressed in immune cells (such as monocyte, B cells, THP-1 cell
line and monocyte-derived dendritic cells), which are involved in immune surveillance through the recruit-
ment of NK, dendritic, and T cells?®* .Therefore, overexpression of CXCL14 would increase the migration and
cytotoxicity of NK cells. In Wang’s study, CDX2 could regulate CXCL14 expression by activating its enhancer.
CDX2 can therefore increase the migration and cytolytic activity of NK cells by upregulating CXCL14, and the
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CDX2/CXCL14 axis inhibits tumorigenesis through NK cells*. NK cells can induce targeted cytolysis by produc-
ing IFN-y and TNF-a release. Thus, CDX2 might induce the migration and infiltration of NK cells, increases
the secretion of IFN-y and TNF-a by NK cells, enhances NK cell toxicity against cancer cells, and suppresses
tumour growth?.

Currently, the role of CDX-2 expression in advanced d-MMR/MSI-H CRC patients subjected to immune
checkpoint inhibitors has not been further investigated. Based on these considerations, we have conducted an
analysis of CDX-2 expression in patients with mCRC treated with ICIs to investigate the role of CDX-2 as a
prognostic-predictive marker in this group of patients.

Materials and methods

Study design.  We retrospectively collected data from MSI-H mCRC patients treated with pembrolizumab
between 2019 and 2021 at the Medical Oncology Unit of the University Hospital of Cagliari. Pembrolizumab was
administered at a dose of 200 mg every 3 weeks. Baseline demographic and clinical characteristics, treatment
and survival information were collected from clinical charts. Pathological and molecular features were retrieved
from histological reports. The following data were collected: gender, age, and Eastern Cooperative Oncology
Group (ECOG) Performance Status (PS) at diagnosis of metastatic disease, the onset of metastatic disease, pri-
mary tumor location, sites of metastases, mucinous histology, grade of differentiation, CDX2 tumor expression,
BRAF/RAS mutational status, MSI/MMR status, and treatment outcome. For study purposes, right-sided and
left-sided CRC primary tumors were defined as proximal or distal to the splenic flexure.

Approval for the study was obtained by Ethics Committee of the University Hospital of Cagliari (Protocol
number 2020/10,912—code: EMIBIOCCOR) and written informed consent was obtained from all participants
for their tissues to be utilized for this work.

The aim of the present analysis was to evaluate the role of CDX2 tumor expression in predicting the clinical
outcome in MSI-H mCRC patients treated with pembrolizumab. The primary endpoint was the PFS-rate at
12 months. The secondary endpoints were OS, PFS, ORR, and DCR.

Histological, immunohistochemical and molecular analysis. Tumor samples were routinely pro-
cessed for histological observation and stained with hematoxylin-eosin (H.E). For immunohistochemical (THC)
analysis, 3 um thick sections were obtained from the paraffin block. All reagents were purchased from Ventana
Medical Systems Inc. 1910 E. Innovation Park Drive Tucson, Arizona 85,755 USA. The sections were auto-
matically dewaxed and rehydrated with EZ Prep 1X (Ref. 950-102) and pre-treated with heat-induced epitope
retrieval in Ultra CC1 (Ref. 950-224), following Dealer’s instructions. Slides were then incubated at room tem-
perature with anti-human CDX2 Rabbit monoclonal antibody - clone EPR2764Y - (Ref. 760-4380). All immu-
nostaining procedures were performed using the UltraView Universal DAB Detection Kit (Ref. 760-5000) on
the BenchMark Ultra (Ventana Medical Systems Inc. 1910 E. Innovation Park Drive Tucson, Arizona 85,755
USA) instrument, according to the manufacturer’s instructions®®. RAS and BRAF gene mutational status was
assessed by pyrosequencing on formalin-fixed, paraffin-embedded (FFPE) archival tumor tissue samples from
primary tumors or metastases. Expression of MMR proteins (MLH1, MSH2, MSH6, and PMS2) was performed
by immunohistochemistry. Histological, immunohistochemical and molecular analysis were conducted at the
Division of Pathology of University Hospital of Cagliari.

MSI analysis was also carried out on all samples. DNAs from FFPE tumor samples and from peripheral blood
of the same patient were analyzed by the TITANO MSI kit (Diatech Pharmacogenetics, Jesi, Italy) following the
manufacturer’s protocol, using mono-bi and tetranucleotide repeats. These include target markers (BAT-25,
BAT-26, D2S123, D17S250, D5S346, BAT40, NR-21, NR-24, D18S58 and TGFBRII) and two control markers
for the detection of possible contamination or sample mixups (TPOX and THO1). The procedure consists of
multiplex PCR amplifications with fluorescent primers and subsequent DNA fragment analysis on an automated
sequencer (ABI PRISM 3130XL Genetic Analyzer—Applied Biosystem).

A diagnosis of microsatellite stability (MSS) can be made if no unstable microsatellite is found at any locus
by comparing tumor and normal tissue. Conversely, if a different number of short-repeated DNA sequences is
detected between the two tissues, we can diagnose the MSI status and classify it as low (MSL-L) if the number
of instabilities is between 1 and 3, or high (MSI-H) if the number is > 423132,

MSI analysis was performed at Genetic and Genomic Laboratory of Microcitemico Children’s Hospital A.
Cao of Cagliari.

Statistical analysis. Statistical analysis was performed with the MedCalc Statistical Software Version
14.10.2 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2014). The association between
categorical variables was estimated by the Fisher exact test for categorical binomial variables or by the chi-square
test in all other instances. Survival probability over time was estimated by the Kaplan-Meier method. Significant
differences in the probability of survival between the strata were evaluated by the log-rank test. The independent
role of variables that were statistically significant at a univariate analysis was assessed with a logistic regression
analysis. OS was defined as the time interval between the date of the beginning of pembrolizumab treatment
to death or the last follow-up visit for patients who were lost at follow-up. PFS was defined as the interval
between the date of the beginning of pembrolizumab treatment to death, first sign of clinical progression or the
last follow-up visit for patients who were lost at follow-up. ORR was defined as the percentage of patients who
achieved a partial or complete response to treatment according to RECIST Version 1.1. DCR was defined as the
percentage of patients with stable disease or partial/complete response to treatment.

In order to detect a difference in the effect size with statistical significance in the proportion of patients
without disease progression at 12 months according to CDX-2 status and assuming a 12 months PFS of 55%
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in the CDX2 expressed population and 0% in patients with loss of CDX-2 expression, at least 12 patients were
necessary with a=0.2 and f=0.2, using a “comparison of proportion test” A p-value <0.05 was considered
statistically significant.

Ethical approval. This study was performed in accordance with the study protocol, the ethical principles
stated in the Declaration of Helsinki as well as those indicated in the International Conference on Harmoniza-
tion (ICH) Note for Guidance on Good Clinical Practice (GCP; ICH E6, 1995), and all applicable regulatory
requirements.

Consent to participate. All patients signed a written informed consent before study entry. Adequate infor-
mation was given to eligible patients by the principal investigator or co-investigators in accordance with local
regulations. The declaration of informed consent was personally signed and dated by the subject, and by the
investigator/person designated by the investigator to conduct the informed consent discussion.

Results

Patients characteristics. Of the 300 patients analyzed, 14 consecutive mCRC patients with MSI-H pro-
files were treated with pembrolizumab at the Medical Oncology Unit of Cagliari University Hospital from 2019
to 2021. Two mCRC patients with MSI-L profile were also detected and excluded from our study, both CDX2
positive.

The patient characteristics of our study population were consistent with a stage IV MSI-H CRC population
(Table 1). The median age was 63 years (range, 55-72). Of the 14 patients 2 (14.3%) had negative CDX-2 expres-
sion, the remaining 12 (85.7%) had CDX-2 expressed. At diagnosis, patients with metastatic disease were 10
(83.3%) in the CDX-2 positive subgroup and one (50%) in the CDX-2 negative subgroup. All patients received
pembrolizumab; 11 (91.7%) CDX-2 positive patients and one (50%) CDX-2 negative patient in first line while
one (8.3%) CDX-2 positive patient and one (50%) CDX-2 negative patient in third line. Twelve patients were
RAS WT (10 CDX2 positive and 2 CDX2 negative) and 2 RAS mutated (both CDX2 positive). Of the 14 patients,
2 were BRAF V600E mutated, both CDX2 positive. As of the data cut-off date, February 01, 2023, one CDX2-
positive patient (8.3%) died while the other 11 (91.7%) were alive. Of these eleven CDX2-positive patients alive, 8
(66.7%) continued pembrolizumab, 2 (16.7%) had disease progression and continued second-line 5-fluorouracil-
based chemotherapy. In contrast, the 2 CDX-2 negative patients were dead. Both patients who received III-line
pembrolizumab had metastatic right colon cancer with a RAS and BRAF WT profile. They then underwent
first-line treatment with 5-fluorouracil-based doublet (mFOLFOX) plus anti-VEGF and in II-line doublet with
5-fluorouracil-based doublet (FOLFIRI) plus anti-VEGF beyond progression. Both patients achieved mod-
est benefits from I- and II-line treatment. The time from the start of I-line to the start of pembrolizumab was
10 months in the CDX-2-positive patient and 10,5 months in the CDX-2-negative patient. Treatment with
pembrolizumab as monotherapy was well tolerated in the I and III lines. No hematologic toxicity was reported.
Immune-mediated adverse events occurred in 5 patients (35%). 2 patients presented grade 2 hypothyroidism,
treated with adjustment of hormone therapy through multidisciplinary management with endocrinologists. Three
patients presented skin reaction: 1 patient had grade 1 pruritus, and the other two had a grade 2 maculopapular
rush, treated with antihistamines and topical steroids with benefit, as directed by the dermatologist. There were
no colitis or hepatitis.

Treatment outcomes. At a median follow-up of 19.8 months (95%CI 14.1-23.2), the median OS was not
reached. The proportion of patients without disease progression at 12 months was 81% in the CDX-2-positive
group. All the two CDX-2-negative patients had discontinued treatment due to disease progression (Fig. 1). The
median PFS was not reached in CDX-2-positive patients versus 2.07 months (95%CI 2.07-10.8) in CDX2-neg-
ative patients (p=0.0011) (Fig. 1). Median OS were not reached in CDX-2-positive patients versus 2.17 months
(95%CI 2.17-18.7) in CDX-2-negative patients (p=0.0262) (Fig. 2).

All CDX-2-positive patients achieved a disease response, one of them a complete response. One achieved sta-
ble disease among the CDX-2-negative patients, while the other progressed rapidly (ORR: 100% vs 0%, p=0.0005;
DCR: 100% vs 50%, p=0.02) (Table 2).

We analyzed the impact of different clinicopathological features on OS and PFS. At the univariate analysis,
the only variable that significantly correlated with median PFS was the line of pembrolizumab administration.
Pembrolizumab in the first line did not reach the median PFS, versus the same anti-PD-1 achieved a median PFS
of 10.8 months (95%CI 10.8-12.1; p=0.036) in the third line. Other variable evaluated did not show a significant
correlation with OS or PES (Table 3).

Discussion
The emergence of ICIs, mainly including anti-programmed cell death protein 1/programmed cell death ligand
1 (PD-1/PD-L1) and anti-cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) monoclonal antibodies, have
dramatically changed the therapeutic landscape over the last decade. A durable clinical response is achieved by
disrupting immune tolerance and activating cytotoxic T-cells in refractory patients with solid tumors, including
a small subset of patients with mCRC®***-%. ICIs demonstrated promising efficacy in dMMR/MSI-H mCRC,
providing clinical benefits superior to standard treatments and leading to the Food and Drug Administration
(FDA) and European Medicines Agency (EMA) approval of anti-PD-1 in this setting®-°.

Initial data on the ICIs activity in MSI-H CRC were observed in a phase I study evaluating an anti-PD-1 in
the treatment of refractory solid tumors. In this trial, one MSI-H CRC patient obtains a 3-year long complete
response, underlying the potential of ICIs in this CRC subgroup*'. Subsequent phase II studies (KEYNOTE-016,
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Characteristics CDX-2-positive n (%) CDX-2-negative n (%)
N. of patients 12 2
Gender

Male 8 (66.7%) 2 (100%)
Female 4(33.3%) -

Age

<65 6 (50%) 1 (50%)
>65 6 (50%) 1 (50%)
ECOG PS

0 4(33.3%) -

1 8 (66.7%) 2 (100%)
Site of primary tumor

Left-sided colon 3(25%) -
Right-sided colon 9 (75%) 2 (100%)
Metastases

Single site 6 (50%) 1 (50%)
Multiple site 6 (50%) 1 (50%)
Metastatic disease

Synchronous 10 (83.3%) 1(50%)
Metachronous 2 (16.7%) 1 (50%)
Liver metastases

Yes 8 (66.7%) -

No 4(33.3%) 2 (100%)
Peritoneal metastases

Yes 4(33.3%) 1 (50%)
No 8 (66.7%) 1 (50%)
Tumor grade differentiation

‘Well-moderate 3(41.7%) -

Poorly 7 (58.3%) 2 (100%)
Angioinvasion

Yes 10 (83.3%) 2 (100%)
No 2 (16.7%) -
K-RAS/N-RAS mutational status

Wild type 10 (83.3%) 2 (100%)
Mutant 2 (16.7%) -
B-RAF mutational status

Wild type 10 (83.3%) 2 (100%)
Mutant 2(16.7%) -
Pembrolizumab treatment line

I 11 (91.7%) 1 (50%)
111 1(8.3%) 1 (50%)

Table 1. Patients’ characteristics. ECOG PS: Eastern Cooperative Oncology Group Performance Status;
K-RAS: Kirsten rat sarcoma virus; N-RAS: neuroblastoma ras viral oncogene homolog; B-RAF: v-Raf murine
sarcoma viral oncogene homolog B.

KEYNOTE-164, KEYNOTE-158, KEYNOTE-012, and KEYNOTE-028) confirmed the efficacy of pembrolizumab
(anti-PD-1) in the treatment of refractory MSI-H mCRC. In total, 90 patients were evaluated. The ORR was
39.6% (95% CI, 31.7-47.9) and lasted more than six months in 78% of patients. These results led to the FDA's fast-
track approval of pembrolizumab for chemo-refractory MSI-H mCRC in 2017”*2. The phase II, non-randomized,
multi-study CHECKMATE-142 study suggested that the combination of ipilimumab with nivolumab might be
superior to nivolumab monotherapy for the treatment of chemo-refractory mCRC MSI-H (ORR 54.6% vs 31%;
DCR 80% vs 69%, respectively)**. This data led the FDA to approve nivolumab, with or without ipilimumab, to
treat previously treated CRC MSI-H. In the first-line cohort of the CHECKMATE-142 trial, nivolumab combined
with ipilimumab achieved an ORR of 69% (95% CI, 53-82%) and a DCR of 84% (95% CI, 70.5-93.5%). Median
OS was not reached, and 79% were alive at 24 months (95% CI, 64.1-88.7%)%>+4. Recently updated data from
the randomized phase IIl KEYNOTE-177 trial confirmed the efficacy of pembrolizumab compared to Standard
of Care (SOC) in treatment-naive MSI-H mCRC patients. At final analysis, median PFS was 16.5 months (95%
CI: 5.4-32.4), and median OS was not achieved (NR; 95% CI 49-2-NR) in pembrolizumab arm versus median
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Figure 1. Progression Free Survival: The median PFS was not reached in CDX-2-positive patients (dotted/
green line) versus 2.07 months (95%CI 2.07-10.8) in CDX2-negative patients (continuous/blue line) (p=0.0011)
The proportion of patients without disease progression at 12 months was 81% in the CDX-2-positive group. All
the two CDX-2-negative patients had discontinued treatment due to disease progression.
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Figure 2. Overall Survival: Median Overall Survival was not reached in CDX-2-positive patients (dotted/green
line) versus 2.17 months (95%CI 2.17-18.7) in CDX-2-negative patients (continuous/blue line) (p=0.026).

Response ‘ CDX-2-positive ‘ CDX-2-negative

Best response, n (%)

Complete response 1(8.3%) -
Partial response 11 (91.7%) -
Stable disease - 1(50%)
Progression disease - 1 (50%)
ORR, n (%) 12 (100%) -
DCR, n (%) 12 (100%) 1 (50%)

Table 2. Response rate. ORR: overall response rate; DCR: disease control rate.

PES of 8.2 months (95% CI: 6.1-10.2) and median OS of 36.7 months (27.6-NR) in SOC arm, leading to FDA
approval of pembrolizumab in June 2020 for the first-line treatment of metastatic or unresectable MSI-H CRC'S.

Therefore, immunotherapy has been shown to be effective in this setting. The microsatellite instability/mis-
match repair proteins deficit is an excellent biomarker to distinguish immunotherapy-benefited populations,
but it is probably insufficient. In fact, in the first line setting trial, the Authors observed that 13% of patients were
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Variable (N) PFS—P value OS—P value
Gender

M (10) 0.07 0.4

F(4)

Age

=65 years (7) 0.59 0.34

<65 years (7)
ECOG PS

0(4)
1(10)

0.23 0.23

Site of primary tumor

Left-sided colon (3) 0.63 0.34
Right-sided colon (9)

Primary tumor resection
Yes (6) 0.7 0.8
No (8)

Tumor grade

Well-moderate (7) 0.73 0.052
Poorly (7)

Angioinvasion
No (2) 0.9 0.4
Yes (12)

Metastases

Single site (7) 0.37 0.69
Multiple sites (7)

Metastatic disease

Synchronous (11) 0.17 0.6

Metachronous (3)

Liver metastases
No (6) 0.78 0.33
Yes (8)

Peritoneal metastases

No (9) 0.13 0.66
Yes (5)

K-RAS/N-RAS mutational status
RASWT (12) 0.25 0.48
RAS MUT (2)

B-RAF mutational status
B-RAF WT: (12) 0.28 0.48
B-RAF MUT (2)

Pembrolizumab treatment line

Iline (12) 0.036 0.49
III line (2)
NLR

<27(7) 0.24 0.07
<2.07(7)

Hemoglobin
<10.9 g/d1 (5) 0.28 0.24
>10.9 gr/dl (9)
CEA

Normal CEA (5) 0.19 0.14
High CEA (9)
LDH

Normal LDH (8) 0.57 0.42
High LDH (6)

Table 3. Variable correlation with overall survival and progression free survival at univariate analysis. N:
number of patients; PFS: Progression Free Survival; OS: Overall Survival; K-RAS: Kirsten rat sarcoma virus;
N-RAS: neuroblastoma ras viral oncogene homolog; B-RAF: v-Raf murine sarcoma viral oncogene homolog
B; ECOG PS: Eastern Cooperative Oncology Group Performance Status; WT: wild type, MUT: mutated; NLR:
Neutrophil to Lymphocyte Ratio; LDH: lactate dehydrogenase.
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refractory to the nivolumab/ipilimumab combination in CHECKMATE 142%, while 29.4% of patients in the
KEYNOTE-177 trial were refractory to pembrolizumab'®.

Consequently, there has been an increased focus on searching for potential biomarkers in the ICIs effective-
ness. In the tumor-agnostic trial of Le et al., PD-L1 expression was not correlated with the benefit of immuno-
therapy in patients with dAMMR/MSI-H mCRC®***6, BRAF V600E, present in approximately 30-40% of dMMR/
MSI-H mCRC, was also not associated with the efficacy of checkpoint inhibitors (6.41). There are contradictory
data about the possible role of the RAS mutation that seems to reduce the efficacy of ICIs in the KEYNOTE
177 study, whereas, in the CHECKMATE 142 study, the benefit of ICIs seems to be preserved regardless of RAS
status®*7*8, Peritoneal metastasis with ascites appears to be associated with ICI resistance®.

Recent studies have suggested several potential biomarkers that could identify the immunotherapy-resistant
population among dMMR/MSI-H patients, such as TMB>*-2, polymerase epsilon (POLE) mutation®>**, gene
fusions such as NTRK, BRAFE, RET, FGFR, ROS1 and ALK®>*°, Fusobacterium nucleatum-enriched microbiota®”,
interferon y pathway and 2-microglobulin mutations, and elevated expression of vascular endothelial growth
factor A (VEGF-A)*%, with exciting but still inconclusive results.

Recent pre-clinical research investigated the underlying molecular mechanism whereby CXCL14, mediates
natural killer cells to target head and neck squamous cell carcinoma®. Wang H et al. found that CDX-2 activates
the CXCL14 enhancer to up-regulate its expression and may improve the therapeutic efficacy of immunotherapy
against cancer by natural killer cells*. CDX-2 interacts with histone acetyltransferase p300, and consequently,
CDX-2/p300 activates the enhancer of CXCL14 to promote its expression?>. CXCL14 is expressed in normal cells,
especially abundant in epithelial cells and immune cells, where it is involved in immune surveillance by recruit-
ing natural killer cells, dendritic cells, and T cells in microenvironment®-°2, As mentioned, NK cells are innate
lymphocytes with cytotoxic activity against tumor cells mediated by the release of cytokines and chemokines®.
Unlike T cells, NK can recognize tumor cells without overexpression of neoantigens or autoantigens. They can
recognize tumor-associated surface proteins and changes in surface expression of major histocompatibility
complex class 1 (MHC-1) molecules that often characterize the malignant transformation of cancer®. It has
been reported that PD-1 is expressed in T cells, B cells, and NK cells, playing an essential role in regulating the
threshold, strength, duration, and properties of antigen-specific immune responses®. High expression of inhibi-
tory molecules, such as PD-1, leads to dysfunction and apoptosis of NK cells, reducing antitumor activity®. In
addition, several studies have reported that PD-L1 expression in tumor cells results in reduced NK cell responses.
Therefore, PD-1/PD-L1 blockade mediated by the checkpoint inhibitors elicits an antitumor response from NK
cells®”=%_ 1t is reasonable to propose that, in addition to T cells, NK cells participate in the clinical benefit of
anti-PD-1/PD-L1 antibody therapy by directly killing tumor cells and/or recruiting T cells®’. A lack of the CDX2/
CXCL14 axis expression would reduce the recruitment of immune cells in the microenvironment, inhibiting the
natural killer cell-mediated immunotherapy and reducing the activity of immune checkpoint inhibitors, such
as pembrolizumab (Fig. 3).

The prognostic role of CDX-2 and CXCL14 is known as reported in several studies*! 277!, Based on this
evidence, we conducted our analysis to evaluate a possible predictive role of immunotherapy primary resistance
in MSI-H/dMMR mCRC patients with CDX-2 negative expression. Although the small numbers, the findings of
our study showed a clear difference in terms of OS, TTP, and ORR between positive and negative CDX2 patients.
Advanced CRC patients with CDX-2 negative expression achieved a rapid disease progression on pembrolizumab
therapy. The results of our analysis seem to confirm the prognostic role of CDX-2 in CRC. Furthermore, the
profound difference in PFS (Fig. 1) and RR (Table 2) suggested an auspicious role in defining the population
that could benefit from immunotherapy.

At univariate analysis, no other variable had such a marked impact on efficacy outcomes. In particular, the
mutational profile of BRAF did not impact the response to anti-PDL-1, in line with the Literature data. RAS
mutational status and peritoneal carcinosis reduced the immunotherapy efficacy, but the data was not statistically
significant. Regarding hematologic analysis, high baseline CEA values, high Neutrophil to Lymphocyte Ratio
(NLR) values, and high lactate dehydrogenase.

(LDH) values seem associated with a worse prognosis, in line with literature data’>’* but the trend is not
statistically significant. In contrast, primary tumor resection, negative primary tumor lymph nodes, low dif-
ferentiation grading, absence of angioinvasion, oligometastatic disease, and a left-sided primary tumor seem
correlated with a better prognosis, in line with the literature data”>-”” but the finding is not statistically significant.
The small sample size and population selected for MSI-h, which tended to have a good prognosis, undoubtedly
influenced the results of our analysis.

The only other variable that impacted on PFS data is the line of pembrolizumab treatment. Patients with
MSI-H would benefit less from 5-fluorouracil therapies'®, so using a checkpoint inhibitor at an earlier treatment
line might impact the outcomes of patients. In our analysis, this finding is confirmed in terms of PFS. Patients
treated in the first line with pembrolizumab had a better benefit than patients treated in line III (p = 0.036). This
data was not confirmed in terms of OS and RR.

More extensive studies and longer follow-up are needed to draw conclusions on the impact of different clinico-
pathological features in ICI-treated patients. Furthermore, prospective studies will help confirm the role of CDX-
2, but such a marked effect in defining an immunotherapy-resistant population holds excellent promise. Future
studies will further investigate this topic by evaluating tumor-infiltrating lymphocytes and CXCL14 expression
in the tumor microenvironment, especially comparing CDX-2 positive cases with CDX-2 negative cases. It will
also be interesting to evaluate PD-L1 expression in CDX2-positive and -negative patients and see if the lack of
correlation with response to immunotherapy in mCRC, as described by other works®*678, is confirmed.

Of considerable importance is that CDX-2 could be an excellent predictive marker of ICIs poor efficacy due
to the ease and low cost of the immunohistochemical analysis. Finally, a targeted therapy that can activate the
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Figure 3. The relationship between CDX-2 expression and immunotherapy response: CDX-2 interacts with
histone acetyltransferase p300. The CDX-2/p300 complex activates the enhancer of CXCL14 to promote its
expression. Lack of expression of the CDX2/CXCL14 axis reduces the recruitment of immune cells to the
microenvironment, inhibiting the therapeutic efficacy of natural killer cell-mediated cancer immunotherapy.

CDX-2/CXCL14 axis even in CDX-2 negative patients could represent an important milestone in overcoming
primary resistance to immunotherapy.

Therefore, the potential predictive role, the excellent cost-effectiveness, and possible modulation of ICIs
response by acting on CDX-2 could bring this old marker to a promising increased application in daily clinical
practice.

Data availability
Datasets generated during and/or analyzed during the current study are available from the corresponding author
on reasonable request.
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