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ORIGINAL ARTICLE

Prognostic and predictive value of AXL and C-MET in patients with

rectal cancer

VISUAL ABSTRACT

AXL and C-MET are biomarkers
for cancer stem cells and
correlated with clinicopathological
patients with rectal cancer

AXL serum levels in rectal cancer cohort were significantly different from healthy subjects but did
not correlate with tumor stage or survival during and after neoadjuvant/adjuvant therapy.
Soluble C-MET levels in the blood, influenced by neoadjuvant chemoradiotherapy,
may serve as a predictive marker for treatment response.

Representative examples of the analyzed primary rectal cancers from study patients for AXL and
C-MET expression: on top row hematoxylin & eosin (H.E.) of corresponding tissue sections); bellow
immunofluorescence staining (100x) - nuclei (DAPI, blue), positive marker expression (AlexaFluor 488, red).

Serum levels of soluble surface
markers AXL and C-MET were
retrospectively analyzed in 164
rectal cancer patients submitted to
neoadjuvant chemoradiotherapy
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ARTICLE HIGHLIGHTS

* Rectal carcinoma remains a significant global health challenge due to
the risk of developing the disease increasing steadily with advancing age.
* Preoperative assessment of serum tumor markers provides valuable
prognostic and therapeutic information in solid tumors.

* Persistently elevated tumor markers, despite resection, suggest resid-
ual disease or not detectable micrometastases, which may guide deci-
sions on adjuvant therapy.

* Rectal cancer patients showed elevated C-MET levels in their serum,
which were correlated with its expression in the respective patient tu-
mors. Serum levels for AXL were found to be diminished.

* Neoadjuvant chemoradiotherapy resulted in elevated C-MET levels,
suggesting that it may serve as a predictive marker for treatment response.

CENTRAL MESSAGE

Rectal cancer remains a significant clinical challenge, with demand for
conclusive biomarkers essential in prognostication and therapy moni-
toring of neoadjuvant and adjuvant treatment strategies. Serum levels
of soluble surface markers AXL and C-MET, described for cancer stem
cells in rectal cancer, possibly can correlate with clinicopathological
characteristics and patient outcome data with respect to neoadjuvant
chemoradiotherapy.

PERSPECTIVES

AXL and C-MET serum levels in rectal cancer are significantly dif-
ferent from healthy subjects but did not correlate with tumor stage or
survival during and after neoadjuvant/adjuvant therapy, while C-MET
may hold promise for influencing future treatment responses.
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ORIGINAL ARTICLE

Prognostic and predictive value of AXL and C-MET in patients with
rectal cancer

Valor prognéstico e preditivo do AXL e C-MET em pacientes com cdncer de reto

Carmen Austrdlia Paredes Marcondes RIBAS! (), Efstathia N DOELKEN? (2, Sudipta TRIPATHI? 2, Biilent POLAT* (),
Reinhard LISSNER? @, Thomas BOELDICKE’® @, Jurandir Marcondes RIBAS-FILHO' @, Osvaldo MALAFAIA! @),
Martin GASSER?>¢ ()] Ana Maria WAAGA-GASSER?>¢

ABSTRACT

Background: Rectal cancer remains a significant clinical challenge with demand for conclusive biomarkers, essential in prognostication and therapy
monitoring of neoadjuvant and adjuvant treatment strategies. Aims: The aim of the study was to evaluate AXL and cellular mesenchymal-epithelial
transition factor (C-MET) biomarkers for cancer stem cells and to correlate them with clinicopathological characteristics and patient outcome data
with respect to neoadjuvant chemoradiotherapy. Methods: Serum levels of soluble surface markers AXL and C-MET were retrospectively analyzed in
164 rectal cancer patients with additional immunofluorescent analyses of their primary tumor tissues. Results: Kaplan-Meier analysis confirmed the
prognostic significance of Union for International Cancer Control stages, but with no significant correlation between investigated markers with patient
age, gender, or tumor stage. In contrast, tumor tissues demonstrated stage-dependently increased marker expression. While AXL was detected at low
levels, C-MET exhibited a bimodal distribution, with elevated levels seen in most patients, particularly post-neoadjuvant therapy and non-significantly
in the subgroup with poorer response to neoadjuvant therapy (p=0.074). Conclusions: AXL serum levels in the rectal cancer cohort were significantly
different from healthy subjects but did not correlate with tumor stage or survival during and after neoadjuvant/adjuvant therapy. Soluble C-MET levels
in the blood, influenced by neoadjuvant chemoradiotherapy, may serve as a predictive marker for treatment response.

Keywords: Rectal Cancer. Biomarkers. Protein-Tyrosine Kinases. Neoplastic Stem Cells. Chemoradiotherapy.

RESUMO

Racional: O cincer de reto continua sendo desafio clinico significativo com demanda por biomarcadores conclusivos, essenciais no progndstico e
monitoramento terapéutico de estratégias de tratamento neoadjuvante e adjuvante. Objetivos: Avaliar os biomarcadores AXL e C-MET para células-
tronco cancerigenas e correlaciond-los com caracteristicas clinico-patoldgicas e dados de resultados de pacientes em relagio a radioquimioterapia
neoadjuvante. Métodos: Os niveis séricos dos marcadores de superficie soltveis AXL e C-MET foram analisados retrospectivamente em 164 pacientes
com céncer retal com andlises adicionais de imunofluorescéncia de seus tecidos tumorais primdrios. Resultados: A andlise de Kaplan-Meier confirmou
a significAncia prognéstica dos estdgios da UICC, mas sem correlagio significativa entre os marcadores investigados com a idade, sexo ou estigio do
tumor do paciente. Em contraste, os tecidos tumorais demonstraram expressio de marcadores aumentada em fungio do estdgio. Enquanto a AXL
foi detectada em niveis baixos, o0 C-MET exibiu distribui¢io bimodal, com niveis elevados observados na maioria dos pacientes, particularmente na
terapia pés-neoadjuvante e de forma nio significativa no subgrupo com pior resposta  terapia neoadjuvante (p=0,074, p>0.05). Conclusées: Os niveis
séricos de AXL na coorte de cAncer retal foram significativamente diferentes dos individuos saudéveis, mas nao se correlacionaram com o estdgio do
tumor ou a sobrevida durante e apés a terapia neoadjuvante/adjuvante. Os niveis de C-MET soltvel no sangue, influenciados pela radioquimioterapia
neoadjuvante, podem servir como um marcador preditivo para a resposta ao tratamento.

Palavras-chave: Cancer Retal. Biomarcadores. Proteinas Tirosina Quinases. Células-Tronco Neopldsicas. Quimioradioterapia.

INTRODUCTON

Rectal carcinoma remains a significant global health

recurrence with spread to distant organs despite advances in
multimodal treatment!*'5.

challenge due to the risk of developing the disease increas-
ing steadily with advancing age. The 5-year survival rate for
rectal cancer based on actual SEER (Surveillance, Epidemiol-
ogy, and End Results) data from the American Cancer Soci-
ety is only slightly higher than that for colon cancer (67 vs.
63%). However, stage-specific survival is almost the same for
both tumors, although rectal cancer patients generally have
a higher risk of locoregional recurrence than colon cancer
patients and some studies also show a higher risk for systemic

Preoperative assessment of serum tumor markers provides
valuable prognostic and therapeutic information in solid tu-
mors. Although not diagnostic on their own, elevated pre-
operative levels often correlate with tumor burden, advanced
stage, and adverse outcomes. Patients with high preoperative
markers typically have worse outcomes (shorter disease-free
and overall survival). They serve as baseline references for
postoperative monitoring. Persistently elevated tumor mark-
ers, despite resection, suggest residual disease or not detectable
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micrometastases, which may guide decisions on adjuvant ther-
apy?'. They can be used to assess the success of the treatment
and, if necessary, to detect a recurrence. Carcinoembryonic
antigen (CEA) is an established prognostic factor in colorec-
tal cancer (CRC), and is routinely determined preoperatively
in affected patients®®. In gastrointestinal malignancies, CEA
together with the carbohydrate antigen 19-9 (CA19-9) con-
tributes to risk stratification’, while in ovarian cancer, carbo-
hydrate antigen CA-125 (CA-125) predicts disease stage and
resectability. For testicular cancer, AFP (alpha-fetoprotein),
B-hCG (beta-human chorionic gonadotropin), and LDH
(lactate dehydrogenase) are essential for staging and treatment
planning. Despite their limitations in specificity and sensitiv-
ity, preoperative serum tumor markers remain important tools
to refine prognosis, guide adjuvant therapy decisions, and en-
able effective postoperative surveillance. In the era of modern
neoadjuvant and adjuvant treatment strategies, there seems
to be a high demand for such soluble marker profiles in the
blood beyond standard CEA and CA19-9 determination in
these patients*”.

Cancer stem cells (CSCs) play a central role in the initia-
tion and progression of tumors as well as tumor recurrences’.
Another characteristic of this tumor cell population is its in-
creased resistance to chemotherapy. This property is at least
partly due to the high expression of drug transporters, which,
for example, pump alkylating agents out of the cell, thereby
preventing effective damage to tumor cells by chemothera-
py. The subject of intense research over the last years is the
identification of tumor stem cell-specific surface markers and
molecular signaling pathways to distinguish tumor stem cells
from normal cells, as well as from normal stem cells, and, if
necessary, to recognize or eliminate them in a targeted manner.
Several potential tumor stem cell markers were suggested to be
linked to CRC'?%.

New CSC biomarkers could also enable an individualized
assessment of the course of therapy. Membrane-bound tyrosine
kinase receptors (RTK) such as AXL (receptor tyrosine kinase)
perform central tasks in cell-cell communication. The stimula-
tion of the PI3K (phosphatidylinositol-3 kinase) protein and
its target molecule Akt (A group of enzymes involved in sev-
eral processes related to cell growth and survival)is a central
step in AXL-dependent signaling'?. The stimulation of the
P13K protein and its target molecule Akt is a central step in
AXL-dependent signaling'2. AXL is particularly overexpressed
in highly malignant colon cancers and peritoneal metastases.
Increased concentrations of AXL are associated with a sig-
nificantly worse disease prognosis and shorter survival times.
In addition, overexpression of AXL in tumor cells contributes
to chemotherapy resistance and dramatically reduced survival
rates®. AXL receptor activation occurs through ligand-depen-
dent GAS6 (growth arrest-specific 6) driven mechanisms but
also through crosstalk with other receptors like C-MET (cel-
lular mesenchymal-epithelial transition factor) or EGFR (epi-
dermal growth factor receptor)?. An increase in the migration
and invasion potential of tumor cells has also been described
in various adenocarcinomas, malignant melanomas, and squa-
mous cell carcinomas. Moreover, AXL is a key driver of stem-
ness in cancer cells, facilitating self-renewal and contributing
to the long-term maintenance of tumors such as breast cancer.
Its expression correlates with various cancer stem cell markers,
including CD44 (cluster of differentiation 44) and ALDH1
(aldehyde dehydrogenase 1)*. These findings suggest that

AXL may be a significant prognostic biomarker and a prom-
ising therapeutic target in CRC. Recent studies focused on
its expression in both colon and rectal cancers together', the
majority of them not clearly taking into consideration the ef-
fects of neoadjuvant chemoradiotherapy on the rectal cancers
in their studies, which may have a tremendous influence on
molecular expression patterns. There had been particularly no
studies regarding the expression of AXL as a suitable blood
biomarker in rectal cancer patients throughout neoadjuvant
treatment protocols, which was investigated for the first time
in this study.

The hepatocyte growth factor (HGF) receptor C-MET
also belongs to the family of tyrosine kinase receptors. In nor-
mal adult tissue, the protein is expressed only at low levels and
mainly in cells of epithelial or mesenchymal origin. The ex-
pression of MET and its ligand HGF is associated with various
biological processes, including embryogenesis, cell prolifera-
tion, cell survival, differentiation, and tissue repair. Excessive
expression of the protein is closely related to cancer-promoting
processes®. Various signaling pathways are involved in further
signal transduction by C-MET, such as the PI3K/AKT (phos-
phatidylinositol-3 kinase/serine/threonine protein kinase), the
RAS/RAF/MEK/ERK (rat sarcoma virus/rapidly accelerated
fibrossarcoma/Mitogen-activated protein kinase kinase/extra-
cellular signal-regulated kinases), and the SRC/FAK (encodes
a non-receptor tyrosine kinase/focal adhesion kinase) signal-
ing pathways. Activation of these molecular cascades induces
cell growth, proliferation, survival, cell motility, and angiogen-
esis’”. C-MET appears to play a significant role in tumorigen-
esis. Overexpression of C-MET has been observed in breast,
bronchial, gastric, kidney, and colon cancers®. In CRC in par-
ticular, overexpression of C-MET is associated with advanced
tumor stages, appears to stimulate VEGF-A (vascular endothe-
lial growth fator-A) production and thus angiogenesis in tu-
mor cells, and promotes therapy resistance in patients treated
with anti-EGFR monoclonal antibodies®. It has been linked
to aggressive tumor phenotypes and poorer clinical outcomes.
Targeting C-MET signaling may overcome resistance to con-
ventional treatments.

AXL and C-MET serve as important markers of tumor
stem cell activity in CRC, providing prognostic information
related to tumor aggressiveness, metastatic potential, and
therapeutic resistance. Their expression levels may guide clini-
cal decision-making, and they represent potential targets for
novel therapeutic interventions aimed at improving patient
outcomes. Further research is warranted to validate their prog-
nostic utility and to develop effective CSC-targeted therapies
in rectal cancer™?.

Rectal cancers exhibit distinct molecular signatures com-
pared to colon cancer, particularly regarding gene mutation
profiles, chromosomal instability (CIN), transcriptomic ex-
pression, and molecular subtypes. Rectal cancers are enriched
for TP53 (tumor protein 53) and NRAS (neuroblastoma
RAS viral oncogene homolog) mutations and demonstrate a
higher prevalence of the CIN pathway’. C-MET is influenced
by NRAS mutations, as NRAS-mutated melanomas, for in-
stance, show higher activation of the C-MET pathway and
increased sensitivity to C-MET inhibitors compared to BRAF
(human gene that encodes a protein called B-Raf) mutated or
wild-type melanomas. NRAS mutations appear to uniquely
impact C-MET phosphorylation (i.e., activation) and down-
stream effects on cell proliferation and migration in response
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to its ligand, HGFE. However, this relationship between NRAS
gene mutations and C-MET expression was not yet observed
for CRCs, presumably because of analyzing CRCs without
distinguishing and focusing on those that overexpress NRAS,
such as in rectal cancer. Moreover, rectal cancers can now be
classified into distinct molecular subtypes, such as the RSS1
(sucrose synthase 1)and RSS2 (sucrose synthase 2) subtypes,
which are distinct from the broader consensus molecular sub-
types used for general CRC". These molecular differences un-
derscore the distinct biological mechanisms underlying rectal
and colon cancer, influencing treatment approaches and prog-
nostic predictions.

This study focused on the expression and diagnostic/
prognostic potential of the two tyrosine kinases, AXL and
C-MET, in rectal cancer, individually or in combination.
For this purpose, serum levels were determined to retrospec-
tively investigate whether predictions about the course of the
disease and long-term patient survival could have been de-
rived from these.

METHODS

Patients

In this study, data were collected retrospectively from
164 patients (42 females and 122 males) with histologically
confirmed rectal cancer treated at the University Hospital
of Wuerzburg, Germany, and were evaluated for this study.
Neoadjuvant therapy of rectal cancer patients consisted
of either short-term radiotherapy or long-term chemora-
diotherapy: short-term radiation was performed with 5x5
Gy/day up to 25 Gy of total radiation dose over a week of
the primary rectal tumor and surrounding tissue within the
pelvis. Long-term chemoradiotherapy was carried out with
28x1.8 Gy up to a total dose of 50.4 Gy over 6 weeks with
additional chemotherapy (two cycles of 5-fluorouracil [5-
FU] with 100 mg/m? body surface/day 1-5 in week 1 plus
5, or a combination of 5-FU 250 mg/m?day 1-14 + 22—
35 with oxaliplatin with 50 mg/m? day 1, 8, 22, and 29).
The primary tumor therapy of these patients was carried
out exclusively at the Surgical Department at the University
Hospital in Wuerzburg, Germany. After discharge from the
clinic, patients were seen in the Surgical Polyclinic or affili-
ated oncological centers or outpatient clinics of the Com-
prehensive Cancer Center at the University Hospital as part
of their tumor aftercare, and further data were collected.
The follow-up included a physical examination, blood sam-
pling, chest X-ray, abdominal ultrasound, and computed
tomography or magnetic resonance imaging, depending on
the guidelines of the German tumor centers. For this pur-
pose, the parameters to be examined were evaluated using
data from files recorded by the International Classification
of Diseases key. The data collection included the following
essential parameters: gender, age, and tumor stage, as classi-
fied by the UICC (Union for International Cancer Control)
system. The samples to be examined were obtained after full
consent of the patients from the Tumor Tissue and Sera
Bank from The Interdisciplinary Bank and Data Wuerzburg
at the University Hospital Wuerzburg!?. The blood samples
were taken by the Department of Radio-Oncology at the
University Hospital before and during chemoradiotherapy,
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the Surgical Clinic before the operation, as well as at outpa-
tient oncology centers thereafter, and analyzed'®. The study
was approved by the Ethics Committee of the Institution.

Serum determination of C-MET and AXL
by ELISA

Serum from the blood samples was analyzed for C-MET
and AXL using commercial Enzyme-Linked Immunosorbent
Assay (ELISA) kits according to the protocols specified by the
respective manufacturers. C-MET Protein (Invitrogen, hu-
man c-Met [soluble] ELISA Kit, Catalog # KHO2031, serum:
1:100), AXL (Abnova, AXL human ELISA Kit, Catalog #
SEE824, serum: 1:100). The sera of a total of 39 healthy sub-
jects were used as controls. The assays were performed accord-
ing to the manufacturers instructions. Analysis was carried
out in duplicates. The results were read by an ELISA reader
(Dynatech Laboratories, Sullyfield, USA) at 450 nm and are
expressed in ng/mL or pg/mL.

Immunofluorescent staining

Primary antibodies against C-MET (EPR19067.1:1000
diluted, ab216574) and AXL (EPR238.1:500 diluted,
ab259831) were purchased from Abcam (Cambridge, UK).
Secondary Cy3 (indocarbocyanine) conjugated and Alexa-
Fluor 488 conjugated antibodies were obtained from Jackson
ImmunoResearch (West Grove, PA, USA). The staining was
performed on cryostat sections of snap-frozen tumor speci-
mens. Samples were fixed in acetone, permeabilized in meth-
anol, and incubated with the primary antibody in TBS (tris
buffered saline) plus 0.5% bovine serum albumin overnight
at 4°C in a humidified chamber. Treatment with the sec-
ondary fluorochrome-conjugated antibody was performed
for 30 min at room temperature in a humidified chamber.
Subsequently, slides were analyzed using an Olympus BX51
microscope and the CellSens Dimension software. Two in-
dependent investigators analyzed tumor tissue sections using
a quantitative interpretation assessment (mean number of
positively stained cells in three consecutively analyzed high-
power fields). In the case of divergent results, mutual consent
was obtained.

Statistical analysis

GraphPad Prism 6 was used to create the figures and the
associated statistical analyses. Additionally, the statistics pro-
gram SPSS 12.0 from the University of Wuerzburgs Com-
puter Center was used. p<0.05 were considered significant
(*). Values for p<0.01 were considered highly significant (**).
To test the data for statistically significant differences, the fol-
lowing tests were used in this work: chi-square test — based
on this univariate analysis, the relationship between the two
different proteins C-MET and AXL was analyzed; unpaired
t-test; one-way ANOVA; Kaplan-Meier; and log-rank test. Tu-
mor-related survival describes the period between the time of
diagnosis and death/last contact with the patient. Recurrence-
free period describes the period between diagnosis and the first
recurrence. Censored data were defined and used when the
event (tumor-related death/recurrence) had not yet occurred
by a certain time (last seen)..



RESULTS

Gender, age distribution, and
tumor stage according to Union for
International Cancer Control

Of the 164 patients with rectal cancer that were included
in this study, a threefold difference in gender distribution,
with predominantly male compared to female individuals,
was evident (122/164, 74.4% vs. 42/164, 25.6%, Table 1).
Due to the significantly higher number of male patients and
the insufficient number of female patients for a separate evalu-
ation, all patients were included in the assessment, regardless
of their gender. The patients enrolled were between 31.4 and
83.6 years old, with a median age of 64.3 years. The median
follow-up was 45 months, and 53/164 patients (32.3%) had
died of their tumor. About one third of the patients (37.2%)
were in an early tumor stage (UICC 0 and 1) with Tis/T1/T2,
NO, and MO at the time of diagnosis, while just under 15% of
the patients (n=24) already had distant metastases and thus a
late stage prevailed.

Influence of prognostic factors on tumor-
related survival

The influence of relevant clinical and pathological factors
in the rectal cancer patients was first investigated using the Ka-

Table 1. Patient distribution based on Union for Interna-
tional Cancer Control stage.

I == w—
() (%)

Tumor stage

T1 12 7.3
T2 50 30.5
T3 80 48.8
T4 6 37
Tx 16 9.8
Lymph node status
NO 104 634
N1 35 21.3
N2 22 134
Nx 3 1.8
Metastasis status
M 134 81.7
M1 24 14.6
Mx 6 37
UICC post-op
ulCC 0 14 8.5
UICC | 47 28.7
uiccll 41 25
uicc 38 232
UICC IV 24 14.6

UICC: Union for International Cancer Control.

plan-Meier method. There was no significant influence of gen-
der and age of the patients on tumor-related survival. In con-
trast, a highly significant impact of the UICC stage on the
survival of patients was observed (p<0.001, Figure 1A), which
underlines the prognostic importance of the UICC classifica-
tion and the relevance of the studied patient cohort. Immuno-
fluorescence analysis of primary tumors from analyzed patients
showed increased expression for the two investigated markers,
particularly in advanced stages of the tumor (UICC stages III
and IV), compared to early stages (UICC stages I and II), and
based on low expression levels in normal rectal tissue (Figure
2). This upregulated expression was particularly observed for

both AXL and C-MET.

Correlation of AXL and C-MET serum
levels with patient-relevant factors and
tumor characteristics

For AXL, higher values were observed in men compared
to women. However, the differences for AXL did not reach
statistical significance (p=0.06; two-sided t-test). For C-MET,
no significant correlation was found (data not shown).

Subsequently, we investigated whether the serum levels of
the two parameters were associated with the age of the pa-
tients. There was no significant correlation between AXL or
between the expression of C-MET serum levels (data not
shown) and the different age groups of the patients. Interest-
ingly, none of the markers demonstrated a significant associa-
tion with the UICC stage of the patients (Figure 3).

Correlation between AXL and C-MET
with overall patient survival and disease-
free survival

Using the Kaplan-Meier method, the influence of serum
expression levels of AXL and C-MET on both overall survival
and disease-free survival (DFS) of the patients was investigat-
ed. There was no significant influence on the overall survival
(Figure 4) or on DFS (Figure 5) of the patients.

Correlation of serum levels of AXL and
C-MET in patients with rectal cancer and
healthy volunteers, with the influence of
the therapy

The significance of the serum levels of AXL and C-MET
was assessed in all rectal cancer patients and compared with
the group of healthy individuals (n=39). For AXL, significant-
ly lower serum levels were found in the rectal cancer patients
(p<0.0001, two-sided unpaired t-test, mean: 34.5 vs. 20.2 ng/
mL in the controls (Figure 6A, 6B). Surprisingly, the evalua-
tion of C-MET levels revealed two different patient subgroups.
While more than two-thirds of the patients (111/159=70%)
demonstrated higher C-MET values than healthy controls, one-
third (48 patients=30%) showed, on average, almost 100-fold
lower values. For better visualization of the two groups, the mea-
sured values for C-MET are shown in a log scale format.

To clarify whether the reduced AXL levels in the serum
of the patients could be explained either by the tumor down-
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Figure 1. Influence of the Union for International Cancer Control stage on overall survival in patients with rectal cancer (Ka-
plan-Meier curve). (A) correlation of the AXL serum levels with age (categorized in age groups) (B) data for C-MET not shown.

Figure 2. Representative examples of the analyzed primary rectal cancers from study patients for AXL and C-MET expression:
on top row, hematoxylin and eosin (H.E.) of corresponding tissue sections; below immunofluorescence staining (100x) — nuclei
(DAPI ((4',6-diamidino-2-phenylindole) blue), positive marker expression (AlexaFluor 488, red).

Figure 3. Comparison of AXL (A) and C-MET (B) serum levels with Union for International Cancer Control stages of the patients.

regulating this tyrosine kinase receptor AXL or by interven-
tion through surgery or neoadjuvant radiation therapy in these
patients, the correlation between the time of blood sampling
relative to the operation was examined.

The patients were divided into a total of five groups:
Blood sampling more than 2 weeks before surgery;
Within 2 weeks before surgery;

On the day of surgery (before the start of the tumor resection);
Within 2 weeks after surgery; and

More than 2 weeks after surgery. Interestingly, again signif-

DA

icantly lower AXL serum values were found in the tumor
patients compared to healthy controls.
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However, this was independent of the time of the opera-
tion (Figure 7A). The removal of the tumor during the surgery
obviously did not influence the AXL serum levels (Figure 7B).
Interestingly, low-level C-MET values such as in healthy con-
trols occurred almost exclusively in patients without or before
radiation therapy (data not shown), while highly elevated C-
MET levels occurred after radiation therapy (Figure 8A).

The influence of the neoadjuvant therapy in rectal cancer
patients on AXL levels was then further determined. AXL val-
ues were found to be always decreased in rectal cancer patients
with and without accomplished neoadjuvant radiation therapy
and, also, independent of the time after radiation therapy and



surgery (Figure 8B). In contrast, for C-MET, with a clear cor-
relation with neoadjuvant radiation therapy, patients without
prior therapy usually had low C-MET levels. In contrast, high
values were detectable in pre-treated patients, suggestive of
upregulated intracellular pathways involving C-MET in rectal
tumor patients, which are involved in tissue repair, including
cell proliferation. Patients with high C-MET values showed
a rather poorer response to neoadjuvant therapy (Figure 8C),
although the corresponding p-value of 0.074 did not reach

A

statistical significance and was also influenced by the subgroup
of patients with no radiation therapy that was included in this
subgroup analysis.

DISCUSSION

In this study, we analyzed serum expression levels of the
two potential biomarkers, AXL and C-MET, in a cohort of
164 patients with newly diagnosed rectal carcinoma. Our anal-

Figure 4. Comparison of AXL (A) and C-MET (B) serum levels with patient survival.

A

Figure 5. Comparison of AXL (A) and C-MET (B) serum levels with patient disease-free survival.

A

Figure 6. Correlation of AXL (A) and C-MET (B) serum levels of the tumor patients and healthy volunteers with the influ-

ence of the therapy.
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ysis aimed to clarify their association with clinico-pathological
characteristics, overall survival, DFS, and response to neoadju-
vant chemoradiotherapy.

Consistent with epidemiological data, our cohort showed
a male predominance in rectal cancer incidence, with a medi-
an age of 64.3 years, reflecting typical demographic patterns
reported in prior studies. The tumor stages at diagnosis were
distributed across early and advanced stages, with approxi-
mately 15% of patients presenting with distant metastases.

A

Kaplan-Meier analysis confirmed strong prognostic signifi-
cance of the UICC stage, supporting its continued use as
a cornerstone of rectal cancer prognostication. Interestingly,
neither of the two serum markers demonstrated a significant
association with patient age, gender, or tumor stage. AXL
showed a non-significant trend toward higher expression in
men. The lack of correlation between serum marker levels
and tumor stage suggests that systemic levels of these pro-
teins may not directly reflect tcumor burden in rectal cancer,

Figure 7. Correlation of AXL (A) serum levels at different time intervals before and after removal of the tumor (healthy volun-
teers for comparison). The patients were divided into five groups: (i) blood sampling more than 2 weeks before surgery, (i) within
2 weeks before surgery, (iii) on the day of surgery (before the start of the removal of the tumor), (iv) within 2 weeks after surgery,
and (v) more than 2 weeks after surgery and compared with healthy volunteers. (B) The influence of neoadjuvant chemoradio-
therapy on the expression of C-MET. The patients were divided into two groups: (i) those who had received short-term radio-
therapy (1 to <5 weeks of neoadjuvant therapy) and (ii) those who had undergone long-term chemoradiotherapy (=5 weeks).

A

Figure 8. Correlation of AXL (A) and C-MET (B) serum levels of the tumor patients and healthy volunteers with the influence
of the therapy. Patients with high C-MET values showed a rather poorer response to neoadjuvant therapy (C).
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unlike their tissue expression, which was notably increased
in advanced tumors of the patients herein studied. This di-
vergence between tissue and serum levels is consistent with
previous studies, suggesting that serum biomarker levels are
influenced by additional factors, such as clearance, shedding,
or therapy-induced modulation®®.

The analysis of survival outcomes revealed no signifi-
cant association of AXL or C-MET with overall survival or
DES. Indeed, high serum levels seem to be associated with
shorter survival rates and higher recurrence rates in several
tumors™**!!. This finding suggests that these serum markers
alone may have limited prognostic value for survival in rectal
cancer patients, although their role in conjunction with other
markers or in specific subgroups cannot be excluded.

Among the two potential markers that are described to be
expressed by tumor cells and also CSCs, only C-MET showed
a potential influence on response to neoadjuvant therapy, with
higher pre-treatment levels associated with poorer response.
While the observed trend did not reach statistical significance
(p=0.074), likely due to sample size limitations and inclu-
sion of patients without neoadjuvant therapy, it highlights the
potential of C-MET as a predictive marker for chemoradio-
therapy response. While patients without neoadjuvant chemo-
radiotherapy had low serum levels compared to controls, pre-
irradiated patients, i.e., after radiotherapy and before surgery,
showed elevated serum levels, depending on the dose of radio-/
chemoradiotherapy. Thus, a low C-MET level could induce
the expression of genes (including C-MET) that are involved
in tissue repair and regeneration due to its tissue-damaging
effect. The reduced serum values in tumor patients without
chemoradiotherapy should therefore be followed up and re-
produced and investigated in independent measurements as
well as in a second independent cohort including patients with
other gastrointestinal malignant diseases.

Serum levels of AXL were significantly lower in rectal
cancer patients. This observation is in congruence with the
overexpression observed in other tumor cells'>"”%. It implies
potentially tumor-mediated dysregulation of these markers, in-
dependent of surgical tumor removal or neoadjuvant therapy,
as levels remained stable before and after surgery. For C-MET,
a bimodal pattern emerged: roughly two-thirds of patients had
elevated levels, while one-third exhibited markedly reduced
levels. Notably, elevated C-MET levels correlated with prior
neoadjuvant radiation therapy and were further influenced
by the duration of radiation exposure, suggesting radiation-
induced upregulation of C-MET-related pathways involved in
tissue repair or proliferation of cells. Whether proliferation of
cells may also comprise radio-/chemoresistant tumor cells with
CSC characteristics expressing C-MET remains questionable
and would demand further investigation of C-MET-mediated
proliferation of such cells®.

Opverall, our findings suggest that AXL expression in the
serum may serve as a biomarker for rectal cancer presence,
while C-MET shows potential utility as a marker for therapy
response and radiation-induced tissue changes. Further studies
with larger, treatment-stratified cohorts are highly warranted
to validate these findings and further clarify their prognos-
tic and predictive role, and moreover, the mechanistic basis
of serum marker expression changes. Moreover, longitudinal
monitoring of these markers could provide insights into tumor
biology, treatment effects, and tissue repair processes in rectal
cancer patients.

This study is limited by its retrospective design, the un-
even gender distribution, and the relatively small control co-
hort. The heterogeneity of study cohorts through neoadjuvant
chemoradiotherapy versus no such therapy in some patients
and the timing of blood sampling as shown influences serum
marker levels and should be addressed in future prospective
studies. Despite growing evidence for the prognostic relevance
of these markers, particularly for C-MET, challenges remain
before their routine clinical application. Standardization of
detection methods, cut-off thresholds, and validation in large,
prospective cohorts with marker evaluation over more than
200 days during neoadjuvant and adjuvant therapies and sur-
gical therapy seems to be necessary. Moreover, the interplay
between these markers and their combined prognostic value
warrants further exploration.

CONCLUSIONS

Serum levels for AXL were found to be diminished. Inter-
estingly, these findings were not associated with tumor stage or
survival, which was in contrast to their protein expression in the
tumor tissues in this study and already published data by oth-
ers. More interestingly, rectal cancer patients showed elevated
C-MET levels in their serum, which was correlated with its ex-
pression in the respective patient tumors. Neoadjuvant chemora-
diotherapy resulted in elevated C-MET levels suggestive to serve
as a predictive marker for treatment response. Although not sta-
tistically significant because of limited numbers and in part in-
fluenced by patients who got no neoadjuvant therapy in this
study, those with a response to therapy showed lower C-MET
levels. This supports published data from primary tumor analy-
ses by others and the potential value of C-MET for defining re-
sponse to therapy. These findings underscore the complexity of
using serum biomarkers, particularly in patients with rectal can-
cer undergoing neoadjuvant and adjuvant chemoradiotherapy,
and highlight C-MET as a candidate for further investigation in
predictive and response monitoring contexts.
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