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Introduction: Anal squamous cell carcinoma (ASC) is a rare gastrointestinal
malignancy showing an increased incidence over the past decades. YKL-40 is
an immune modulator and pro-angiogenetic factor that showed a promising
prognostic and predictive potential in several malignancies, but limited data
are available for ASC. This study aims to provide an extensive evaluation of the
prognostic and predictive role of YKL-40 in a multicenter cohort of ASC patients.

Methods: We retrospectively retrieved 72 consecutive cases of ASC diagnosed
between February 2011 and March 2021. Both serum and tissue protein
expression of YKL-40 were assessed, the latter in ASC tumor cells and peritumor
immune cells.

Results: Increased YKL-40 serum levels at the time of diagnosis were associated
with older age (p = 0.035), presence of cardiovascular/metabolic comorbidities
(p =0.007), and death for any cause (p =0.011). In addition, high serum levels
of YKL-40 were associated with a poor prognosis (HR: 2.82, 95% ClI: 1.01-7.84;
p =0.047). Protein expression of YKL-40 in ASC tumor cells was significantly
associated with low tumor grade (p = 0.031), while the increased expression in
peritumor immune cells was associated with a worse response of patients to
chemoradiotherapy (p =0.007). However, YKL-40 protein expression in ASC
tumor cells or peritumor immune cells did not significantly impact patient
overall survival.

Discussion: In conclusion, YKL-40 resulted a relevant prognostic (serum level)
and predictive (tissue protein expression in peritumor immune cells) biomarker
and can considerably improve ASC patient clinical management.

KEYWORDS

radiochemotherapy, nigro protocol, immunohistochemistry, serum biomarkers,
overall survival, response to treatment, YKL-40
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Introduction

Anal squamous carcinoma (ASC) is a rare gastrointestinal
malignancy that represents 2-4% of all colorectal cancer but nearly
90% of all anal cancer. ASC incidence gradually raised in the past
decades due to the concurrent increase of human papillomavirus
(HPV) and human immunodeficiency virus (HIV) infection rates
(1-3). Chronic HPV infection is found in 80-85% of ASC patients and
represents one of the most relevant risk factors for ASC development
(4, 5), but it is unnecessary for ASC development, and HPV-unrelated
ASC is a recognized entity with worse prognosis (6).

After the seminal data published by Nigro et al. (7), ASC patients
are mainly treated with radiochemotherapy (CRT) (8-10) that allows
sphincter function preservation and achieves complete disease
remission in approximately 80% of patients and a 5-year overall
survival rate of 60-80%. Unfortunately, almost 10-20% of cases are
non-responsive to CRT, and 30% present local disease recurrence, thus
requiring salvage surgery (abdominoperineal resection), which
substantially affects patients” quality of life (11-15). Innovative target-
therapy approaches, including anti-Epidermal Growth Factor
Receptor (EGFR; Cetuximab) and anti-Programmed Cell Death 1
(PD-1) immune checkpoint inhibitors (Nivolumab, Pembrolizumab,
and Avelumab), showed promising results but more extensive
validations are required (16-18). Based on these considerations, the
early identification of ASC patients responding to CRT is crucial, but
there is still a critical lack of prognostic and predictive biomarkers,
ultimately making the clinical management of non-responsive and
recurring ASC challenging.

YKL-40, also known as Chitinase-3-like protein-1 (CHI3L1), is a
40kDa extracellular matrix glycoprotein encoded by the CHI3L1 gene
located on chromosome 1 (19, 20). YKL-40 is secreted by several cell
types, including immune cells and tumor cells, and its expression has
been studied in several non-neoplastic (21-28) and neoplastic diseases
(29, 30). In the tumor microenvironment, YKL-40 is primarily
secreted by tumor-associated macrophages, lymphocytes, and tumor
cells (20, 31-33) and is involved in extracellular matrix remodeling,
neo-angiogenesis, and immune microenvironment modulation
towards an inhibited anti-tumor response (20, 31-33). As a
consequence, increased serum levels of YKL-40 have been associated
with poor response to treatment and worse prognosis (33-42).

Based on these considerations, we sought to evaluate the
serological and tissue protein expression of YKL-40 and assess its
prognostic and predictive potential in a multi-institutional series
of ASCs.

Materials and methods

Data collection and patient clinical
management

This retrospective study evaluated the serological levels and tissue
protein expression of YKL-40 in a multi-institutional consecutive
series of 72 ASCs. ASCs cases were diagnosed between February 2011
and March 2021 and collected by combining the cohorts of all three
enrolling institutions (AOU Citta della Salute e della Scienza Hospital,
Giovanni Bosco Hospital, and Humanitas Gradenigo Hospital, all
located in Turin, Italy) and treated according to published guidelines
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(Supplementary methods) (8-10). Post-treatment follow-up visits
were scheduled as follows: every 3-4 months within the initial 3 years
after treatment, every 6 months in the following 2 years (four to 5 years
after treatment), and every year afterward. Patients with suspected
residual or recurrent ASC were first evaluated with digital anorectal
examination, anoscopy, and imaging techniques [computerized
tomography (CT), positron emission tomography (PET), or magnetic
resonance (MRI)] and then confirmed with tissue biopsy. Patients
with residual or recurrent ASC were treated with salvage surgery
(9, 10).

Patients data were collected and pseudonymized before any
analysis was performed (Supplementary Table S1). This study was
approved by the Research Ethics Committee of the University of Turin
(approval number DSM-ChBU03/2020) following the Helsinki
Declaration of 1964 and later versions.

Immunohistochemical (IHC) stains and
related scoring systems

For each case, original slides were reviewed to confirm the
diagnosis, assess tissue adequacy, and select a representative formalin-
fixed paraffin-embedded (FFPE) tissue block. From each FFPE block,
two 3-pm-thick sections were cut to perform p16 (Ventana Medical
Systems,  Arizona, United States; clone:E6H4; catalog
number:06680011001) and YKL-40 (Abcam; Rabbit polyclonal;
catalog number:ab180569) IHC stains. p16 and YKL-40 THC stains
were centralized and performed at the Pathology Unit of the AOU
Citta della Salute e della Scienza Hospital using the automated
immunostainer BenchMark XT AutoStainer® (Ventana Medical
Systems), as reported (43-45). All immunohistochemical stains (p16
and YKL-40) were evaluated by a pathologist (E.E) without knowledge
of the clinical data, including the oncological outcomes.

The p16 THC stain was scored using standardized criteria (45). In
particular, p16 IHC expression in >1% of viable ASC tumor cell nuclei
were considered positive, while cases with <1% of positive tumor cell
nuclei or with cytoplasmic staining only were considered negative.

As no standardized scoring system for YKL-40 was available,
we developed scoring system criteria that mirrored evidence available
in the literature. Specifically, we evaluated the percentage of positive
viable tumor cells and the related staining intensity and combined
them into a four-tier score (Supplementary Table 52), including Score
0 (<1% of positive tumor cells regardless of the staining intensity),
Score 1 (weak expression in 1-30% of tumor cells or moderate
expression in 1-10% of tumor cells), Score 2 (weak expression in
>30% of tumor cells, moderate expression in 10-30% of tumor cells,
or strong expression in 1-10% of tumor cells), and Score 3 (moderate
expression in >30% of tumor cells or strong expression in >10% of
tumor cells). This approach (i.e., combining the percentage of positive
tumor cells and the intensity of staining) is commonly used for both
experimental (46) and clinically validated prognostic/predictive
biomarkers (47, 48).

Peritumor microenvironment immune cells (lymphocytes and
macrophages) were also evaluated for YKL-40 expression. The staining
intensity resulted homogeneous and, therefore, only the rate of
positive immune cells was reported, stratifying ASC cases in low
(IC-YKL""; less than 10% of positive immune cells in the peritumor
microenvironment) versus high (IC-YKL™"; more than 10% of
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positive immune cells in the peritumor microenvironment). This
approach has been used for other biomarkers modulating the immune
microenvironment (49).

Representative images of the YKL-40 IHC staining are reported
in Figure 1.

YKL-40 assessment in serological samples

Serological samples were collected at the time of diagnosis and
during follow-up visits and then centralized to the Clinical
Biochemistry Laboratory of the AOU Citta della Salute e della Scienza
Hospital for YKL-40 quantification. Serum levels of YKL-40 were
determined by MicroVue YKL-40 enzyme immunoassay (Quidel,
Santa Clara, CA) using streptavidin-coated microplate wells, a
biotinylated monoclonal murine antibody against human YKL-40 and
an alkaline phosphatase-labeled polyclonal rabbit antibody against
human YKL-40. Bound enzyme activity is detected with p-nitrophenyl
phosphate as substrate. The detection limit of the method is 15.6ng/
mL with a dynamic range up to 300ng/mL; within-run and
between-run precision, as determined by assaying up to 22 serum
samples with mean concentrations of 5.8ng/mL, 177.8ng/mL and
262.9ng/mL in 6 different runs, yielded coeflicients of variation (CV)
<5.8 and <7.0%, respectively.

Statistical analysis

Statistical analyses were performed with the Stata 16.0 statistical
software (StataCorp, College Station, TX, United States), applying
proper tests for parametric (Student t-test) and non-parametric
(Pearson chi-square test, Wilcoxon sum rank test) variables and using

10.3389/fmed.2024.1372195

Bonferroni correction for multiple groups correlations. The follow-up
time was reported as the median value and interquartile range (IQR).
Overall Survival (OS) was calculated from diagnosis to death,
censoring cases at the last follow-up date for lost patients. Survival
curves were estimated with the Kaplan-Meier method and compared
by the log-rank test. The impact of confounders was explored by the
univariable Cox proportional hazard model, including clinical/
pathological features as covariates. The proportional hazard
assumption test was performed using the scaled Schoenfeld residuals
based on the Cox proportional hazard model. All tests were two-sided
and statistical analyses considered significant if p-value <0.05.

Results
Clinicopathological features

Considering the low incidence rate of ASCs, the first part of the
study aimed to analyze the clinicopathological features of our series and
confirm their pertinence with the data available in the literature (50-52).

In our cohort, the median age was 66years (IQR:28-85years), and
most patients were female (68.0%, 49/72 cases). Most cases were stage
111 (54.9%, 39/71) and stage II (33.8%, 24/71) at the time of diagnosis.
Accordingly, 57 ASCs patients (79.2%) were treated with CRT and 11
patients (15.3%) underwent local excision of the lesion. Four patients
(5.5%) were treated only with radiotherapy due to their clinical
condition. The median follow-up time was 5.8 years (IQR:3.1-7.4 years).
Most patients (75.4%, 49/65) showed a complete response to treatment,
whereas 16 patients (24.6%) presented a partial response and required
subsequent salvage surgery. Overall, 24 cases (33.3%) underwent
sentinel lymph node biopsy (SNLB) and four of these (16.7%) presented
nodal metastasis. During our follow-up period, 19 patients (26.4%)

FIGURE 1

Score 3 in tumor cell and IC-YKLLOW at low- (C) and high-power (D).

Representative images of YKL-40 protein expression stain. (A) Score 0 in tumor cell and IC-YKLLOW. (B) Score 0 in tumor cell and IC-YKLHIGH. (C,D)
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incurred death for any cause. The 5-year overall survival (OS) was 77.5%
(Supplementary Figure S1). Demographic, clinical, histopathological,
and follow-up data of our cohort are detailed in Supplementary Table S1.

ASCs are slightly more frequent in the adult female population
(50-52), as confirmed in our cohort. Based on this consideration,
we were interested in evaluating whether any clinicopathological data
retrieved was significantly associated with ASCs patients sex.
Remarkably, well-differentiated (G1) ASC cases were more frequent
in the male subgroup compared to females (p=0.016), while CRT
treatment was less frequent in the male subgroup compared to females
(p=0.018).
significantly associated with the patient’s sex (Supplementary Table S3).

It is well-known that ASC is related to HPV infection (4, 5). Thus,
to further evaluate the adequacy of our cohort, we assessed the protein

No additional clinicopathological features were

expression of p1l6™** (p16) in the primary lesions as a surrogate of
HPV infection status (53-57). The p16 IHC stain was available for
assessment in 67 cases, and most cases (92.5%, 62/67) were positive.
Remarkably, pl6 expression was significantly associated with the
patient’s sex (p=0.011) and response to treatment (p=0.003).
Specifically, p16 negative ASC cases were more frequent in the male
(20.0%, 4/20) compared to the female (2.1%, 1/47) subgroup and in
the non-responsive (26.7%, 4/15) compared to the responsive (2.2%,
1/45) subgroup. No additional clinicopathological features were
significantly associated with p16 expression (Supplementary Table S4).

Overall, our cohort of ASCs patients presented data in line with
the current literature, specifically confirming the higher incidence in
the female population, the frequent p16 expression/HPV infection,
and the overall good response of ASC patients to CRT.

Serological levels of YKL-40 and
association with clinicopathological
features

To assess the relevance of YKL-40 as a serological biomarker in the
ASC setting, we first quantified its serological levels in the ASC cohort
and evaluated the association with patients’ clinicopathological features.
The median value of serological levels of YKL-40 at the time of
diagnosis was 75.6 ng/mL (IQR: 0.7-314.4 ng/mL). We used the median
value to stratify ASC patients in cases with high (>75ng/mL) versus low
(<75ng/mL) YKL-40 serological levels, and, adopting this stratification,
we observed a correlation between high levels and older age at diagnosis
(p=0.035), cardiovascular and metabolic comorbidities (p=0.007), and
an increased rate of death for any cause (p=0.011) (Table 1).

Overall, these findings suggest that YKL-40 serological levels may
have a prognostic role for ASC patients.

YKL-40 in ASC tissue samples: pattern of
expression and association with
clinicopathological characteristics

Following the analysis of serological YKL-40 levels, we were
interested in assessing the tissue protein expression. As YKL-40 can
be secreted by both tumor cells and immune cells to regulate the
peritumor microenvironment (29, 58), we evaluated both populations
separately and subsequently the related significant associations. First,
we assessed YKL-40 THC expression in ASC tumor cells, which was
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available in 59 cases. According to our scoring system, most ASC cases
presented a score 1 (37.3%, 22/59), followed by score 0 (32.2%, 19/59),
score 2 (18.6%, 11/59), and score 3 (11.9%, 7/59). The only
clinicopathological feature significantly associated with YKL-40
expression in ASC tumor cell was the tumor grade (p=0.031).
Specifically, well and moderately differentiated lesions (G1-G2)
presented a higher score of YKL-40 (Supplementary Table S5).

Regarding YKL-40 expression in the peritumor immune
microenvironment, we evaluated the staining pattern in the
macrophages and lymphocytes surrounding ASCs tumor cells.
Overall, most cases (75.4%, 36/57) were IC-YKL**" (<10% of positive
immune cells). The expression of YKL-40 in the immune cells was
significantly associated with patient response to treatment (p=0.007).
In particular, most of the non-responsive ASC patients were
IC-YKL™S" (70%, 7/10). No additional clinicopathological features
were significantly associated with YKL-40 expression in the immune
cells of the peritumor microenvironment (Supplementary Table S6).
Notably, tissue protein expression of YKL-40 in tumor and immune
cells were not significantly related (p=0.066; Supplementary Table S7).

This data suggested that the protein expression of YKL-40 in the
peritumor immune compartment may play a relevant role as a
predictive biomarker for ASC response to CRT.

Survival analysis and prognostic role of
YKL-40

We first evaluated the impact of ASC clinicopathological features
on patient overall survival (OS). As expected, complete response to
treatment (HR: 0.11, 95% CI: 0.04-0.32; p <0.001) resulted protective
for ASC patients, while advanced clinical stage (HR: 3.34, 95% CI:
1.28-8.74; p=0.014) and the presence of residual/recurrent disease
during follow-up (HR: 7.03, 95% CI: 2.83-17.4; p<0.001) were
associated with a poor prognosis.

Then, we focused on the role of YKL-40 expression. Only the
serological levels showed a significant impact on patient prognosis
(Figure 2). In particular, ASC patients with high serological levels of
YKL-40 (>75ng/mL) were associated with a worse 5-year survival rate
(70.2%) compared to ASC patients with low YKL-40 serum level

0.50 0.75 1.00
N L L

0.25
L

0.00
N

T T T T T T T T T T

0 1 2 3 4 5 6 d; 8 9 10
years

Number at risk
YKL40<75 37 32 28 25 19 15 12 6 3 1
YKL40275 35 34 27 23 18 14 12 9 5 2

YKL40<75 YKL40275

FIGURE 2
Kaplan-Meyer curve showing the impact of YKL-40 serological levels
on patient overall survival.
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TABLE 1 Distribution of YKL-40 serum levels according to clinicopathological features.

Serum YKL-40 <75 ng/mL Serum YKL-40 > 75 ng/mL

(n=37) (n =35)
Demographical data
Sex
Female 27 22 0.358
Male 10 13
Age (year), median (IQR) 60 (28-81) 69 (43-85) 0.035
Comorbidity
None 20 8 0.007
Cardiovascular and metabolic 17 27
Histopathological data and clinical stage
Tumor grade
Gl 1 2
0.756
G2 11 10
G3 14 11
Basaloid features
No 24 22 0.871
Yes 10 10
Clinical stage
Stage I 4 3
Stage IT 8 16 0.118
Stage IIT 24 15
Stage IV 0 1
Therapeutic management and follow-up
Treatment
CRT 34 31 0.635
Other 3 4
Toxicity
None 1 0
Minimal 7 6
0.179
Mild 14 10
Moderate 2 8
Severe 3 1
Treatment response
Complete response 24 25 0.347
No/Partial 10 6
Sentinel lymph node biopsy
Negative 10 10 1.000
Positive 2 2
Disease relapse or recurrence
No 30 29 0.845
Yes 7 6
Survival 0.011
No 5 14
Yes 32 21
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TABLE 2 Association between clinicopathological features and patient TABLE 3 Association between histopathological diagnosis of residual/
prognosis (overall survival). recurrent ASC and the other diagnostic techniques performed at the first
follow-up visit.

Variables HR 95% IC
Tissue biopsy p-value
Sex
M No Residual/
ale 1 n
disease recurrent
(reference) (n =35) ASC (n=7)
Female 1.80 0.72-4.50 0.206 o
Clinical signs
Age at diagnosis Linear 1.01 0.96-1.07 0.536 and
Basaloid features symptoms <0.001
(histopathology) Absent 33 0
Yes (reference) 1 Present 2 7
No 1.41 0.54-3.63 0.482 PET
YKL-40 serum levels Negative 23 0 <0.001
<75ng/mL 1 Positive 6 7
(reference) MRI
>75ng/mL 2.82 1.01-7.84 0.047 Negative s . 20,001
YKL-40 tumor cells Positive 0 3
Score 0 ! Serum YKL-
(reference) 40
Score 1 135 043-427 | 0.609 Median 156.6 (467 0.679
74.1 (3-332.5) o
Score 2 2.10 0.49-9.03 0317 (IQR) 332.5)
Score 3 1.83 0-inf 1.000
YKL-40 i . .
) fmmune (85.3%; p=0.038). Furthermore, high serological levels of YKL-40
o resulted a significant risk factor for poor prognosis (HR: 2.82, 95% CI:
Low 1 1.01-7.84; p=0.047). Protein expression of YKL-40 in ASC tumor
(reference) cells and peritumor immune cells did not show a significant impact
High 291 0.88-9.63 0.079 on patient survival (Table 2).
Disease relapse or This data confirmed the putative prognostic potential of YKL-40
recurrence serum levels.
No (reference) 1
Yes 703 | 28174 | <0001 Serum YKL-40 and patient follow-up:
Response to worth teStIng?
treatment
None/partial 1 Considering the impact of serum YKL-40 on ASC patients’
(reference) prognosis, we were interested to evaluate its role in the post-treatment
Complete o1l 0.04-0.32 0,001 follow-up. First, we analyzed and compared the diagnostic yield of all
the techniques performed at the first follow-up visit, when 12 of 46
Tumor grade patients (26.1%) presented clinical signs of suspected residual/
G1+G2 1 recurrent disease. Using the histopathological examination/tissue
(reference) biopsy as the gold standard to confirm residual/recurrent disease,
G3 1.10 0.41-2.98 0.841 we observed that clinical signs/symptoms (p <0.001), PET (p <0.001),
Clinical stage Linear 334 128-8.74 0.014 and MRI (p<0.001), but not serum level of YKL-40 (p=0.679; Table 3)
were associated with disease recurrence on tissue biopsy.
p16 expression . . .
Then, we were interested in evaluating the temporal trend of serum
Negative 1 YKL-40 during the follow-up period. For this longitudinal analysis,
(reference) we considered only ASC patients with three or more consecutive
Positive 0.69 0.15-3.01 0.624 evaluation of serum YKL-40 (n=17). During the follow-up period, three
Sentinel Lymph of the 17 patients (17.6%) incurred death for any cause and the two of
Node Biopsy (SLNB) them who died due to ASC progression presented high serological levels
Negative . of YKL-40 (>75ng/mL) in all measurements. Notably, the cause of death
(veference) of the patient with low levels of YKL-40 was not related to ASC. Among
the 14 patients alive at the end of the follow-up period, three patients
Positive 310 0:50-192 0223 showed high levels of YKL-40 in all measurement but two of them
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presented cardiovascular and metabolic comorbidities. Two additional
patients presented high levels of YKL-40 at the initial assessment, but
the value decreased to low levels in subsequent follow-up visits. In the
subgroup of nine patients that were alive at the end of the follow-up
period and constantly presented low serological levels of YKL-40, only
two patients presented cardiovascular and metabolic comorbidities.

Despite the small sample size that hinders a more granular
characterization, this analysis of follow-up visits additionally
supported the use of serum YKL-40 as a prognostic biomarker for
patient overall survival.

Discussion

In this study, we demonstrated that YKL-40 can represent an
innovative biomarker with potential clinical implications for ASC
patients management: YKL-40 high serum level identified ASC
patients with worse survival and can be used as a prognostic biomarker
for patient overall survival, while YKL-40 increased protein expression
in the peritumor immune cells characterized ASC patient
non-responsive to CRT and can serve as a predictive biomarker.

The prognostic role of YKL-40 has been proved in several tumor
setting (20, 29, 31-33, 38, 39, 41, 58), but, remarkably, few data are
available for ASC (34, 35, 59). In our cohort, high serum level of
YKL-40 was related to an increased rate of death (p=0.011) and
resulted a risk factor for ASC patient OS (HR: 2.82, 95% CI: 1.01-7.84;
p=0.047), as confirmed by the worse 5-year survival rate of this
subgroup of patients (p=0.038). These findings are novel in the ASC
setting but in line with data reported in head and neck and cervical
squamous cell carcinoma, which presents several pathobiological and
clinical similarities with ASCs (60, 61). In particular, high serum
YKL-40 identifies a subgroup of patients with head and neck cancer
squamous cell carcinoma characterized by worse OS (HR=1.55,
p<0.0001) and relapse-free survival (HR=2.75, p=0.01) (60). Similar
data were observed for cervical cancer, where a high serum level of
YKL-40 was associated with worse OS (HR=1.78, p=0.0010) and
relapse-free survival (HR=1.87, p=0.0016).

Studies evaluating the tissue protein expression of YKL-40 and its
impact on patients’ prognosis reported an heterogenous panorama
with contrasting data based on the malignancy type (62-65). In the
ASC setting, our group previously demonstrated that increased
YKL-40 protein expression in ASC tumor cells was related to p53
overexpression/mutation (59), nodal involvement (34) and a worse
patient prognosis in terms of OS and disease-free survival (59). In this
study, we further characterized YKL-40 tissue protein expression
focusing on both the ASC tumor cells and the peritumor immune
cells. Remarkably, we observed that the increased expression of
YKL-40 in the peritumor immune cells, and not in the tumor cells,
was associated with a poor response to CRT (p=0.007) and can
be used as a predictive biomarker. This evidence has never been
reported in ASC, but was already observed in other malignancies,
including CNS tumors and rectal adenocarcinoma (35, 36, 41). In
particular, high levels of YKL-40 and c-Met expression identified a
subgroup of patients with rectal adenocarcinoma characterized by a
poor response to neoadjuvant CRT (35). Based on these data and
considering the role played by YKL-40 in modulating the tissue
microenvironment (20, 29, 31, 32, 37), it can be hypothesized that
YKL-40 production by the peritumor immune cells can dampen the
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therapeutic effect of CRT. It would be interesting to further address
the role of YKL-40 on the peritumor immune microenvironment and
ASC response to treatment, especially by evaluating the spatial and
longitudinal changes of YKL-40 immune cell protein expression in
post-treatment tumor samples.

As a marker associated with the overall immune response, YKL-40
deserves a more granular analysis beyond the oncological field. As an
example, YKL-40 can be upregulated by proinflammatory cytokines,
including tumor necrosis factor-a, which is a potential therapeutic
target for patients affected by rheumatoid arthritis (RA). Interestingly,
RA clinical progression was related to YKL-40 level, with RA patients
presenting both high levels of serum YKL-40 and increased expression
of YKL-40 in synovial cells (66). Based on this evidence and
considerations, YKL-40 can be considered a promising diagnostic and
therapeutic biomarker of RA. Furthermore, YKL-40 is physiologically
expressed in activated microglia and astrocytes, making it a potential
diagnostic biomarker for neurological disorders as hypothesized for
patients with Alzheimer’s disease (67). Overall, while further studies
are needed to fully understand the clinical significance and mechanisms
of action of YKL-40 in ASC alone, its potential as a multifaceted
diagnostic, prognostic, and predictive biomarker makes it a promising
candidate in several neoplastic and non-neoplastic settings.

Combining the advantages of tumor biomarker blood testing (i.e.,
relatively simple, non- invasive, and cost-effective) with a more specific
tissue-tethered assessment allowed us to provide more representative
and clinically-useful data regarding the role of YKL-40 in ASC patient
management. Still, some limitations are worth mentioning. Despite the
multicentric nature, our study is limited by the relatively small sample
size that hinders a more granular analysis, especially for patients’
follow-up longitudinal analysis. Indeed, a larger sample size would
allow us to (a) explore the effect of confounding variables on YKL-40
prognostic and predictive potentials, including the role of
comorbidities, such as autoimmune and cardiovascular diseases and
synchronous/metachronous malignancies, and (b) evaluate more
detailed and sophisticated scoring systems for YKL-40 tissue expression
(i.e, unbiased artificial intelligence-based protein expression
assessment). Eventually, our study can benefit from validation in
additional cohorts of ASCs, and could be further enriched by the
evaluation of YKL-40 expression in pre-cancerous lesions of ASC.

In conclusion, our study produced innovative evidence for YKL-40
use as a prognostic (serum level) and predictive (tissue protein expression
in peritumor immune cells) biomarker of ASC. Considering the recent
development of targeted treatment against YKL-40 (68, 69), the use of
YKL-40 could acquire further predictive relevance in the ASC setting.
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