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ABSTRACT

This investigation aimed to study the differences in tumor maximum standardized uptake values (SUVmax) in breast cancer
patients and compare serum levels of YKI-40, an inflammatory glycoprotein found at high levels in patients with different
types of cancer, with healthy controls.

Fifty-one women who underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography-computed tomography
(PET/CT) imaging for the staging of pathologically-confirmed breast cancer were included. The tumor SUVmax of each
patient was calculated by 18F-FDG PET/CT. Serum YKL-40, ischemia modified albumin (IMA), carcinoembryonic
antigen (CEA), and cancer antigen 15-3 (CA15-3) levels were assessed after the PET/CT imaging. A group of 38 healthy
women were included as controls, from which serum YKI.-40 and IMA levels were obtained.

Compared to healthy subjects, serum YKL-40 and IMA levels were significantly higher in patients with breast cancer
(p<0.001 for both). Patients with a tumor size of 2-5 cm had significantly higher YKL-40 (p=0.002), SUVmax (p=0.008),
CEA (p=0.025), and CA15-3 (p=0.016) measurements than patients with a tumor size of <2 cm. However, IMA levels did
not vary (p>0.05) between the two groups of tumor sizes. While YKIL-40 showed significant correlations with CA15-3
(r=0.318, p=0.023) and IMA (r=0.257, p=0.016), no correlation was found between SUVmax and the measured serum
variables in the breast cancer group (p>0.05).

Our results indicate that serum IMA and YKI-40 levels were above average in breast cancer patients. Also, increasing
SUVmax and serum YKIL-40 levels may be separately observed related to tumor size. YKIL-40 and SUVmax may be utilized

in the evaluation and follow-up of breast cancer.
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Introduction

Globally, breast cancer is the highest encountered
cancer in women and among the top causes of
cancer-related mortalities (1). According to data
from Turkey, in the year 2015, breast cancer is the
most common (43.8/100.000 women) type of
cancer in women, accounting for about a quarter
of all cancers in women (2).

Metabolic scanning using 18F-fluorodeoxyglucose
(FDG) positron emission tomography-computed
tomography (PET/CT) is a long-known
technique. It considers the high proportions of
glucose influx into the tumor tissue. On the other
hand, accurate initial staging in breast cancer is
critical for precise prognostication and optimal
choice of therapy. 18F-FDG PET/CT is currently
employed for staging, checking for remaining

malignant tissue after treatment, and screening for
recurrences in breast cancers (3,4). It can
semiquantitatively =~ measure  the  functional
metabolism in tumor cells (5). The most strong
18F-FDG uptake in the index lesion is computed
as the maximum standardized uptake
(SUVmax), which is a  semiquantitative
measurement (6,7).

YKL-40 is a 40 kDa heparin- and chitin-binding
glycoprotein, also referred as human cartilage
glycoprotein 39 (HC-gp39) (8), 38-kDa heparin-
binding glycoprotein (9), or chitinase-3-like
protein 1 (CHI3L1) (10), it was discovered in 1993
by Hakala et al. (8). YKL-40 is released from
activated microglia and exhibits inflammatory
processes (11,12), but its function is not known
entirely; it is considered as a product of the
inherent immune system, which has some roles in
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remodeling in inflammatory conditions [13]. YKL-
40 may be a promising indicator in cancer
patients, for it may affect the growth and
distinction of tumor cells. It was found that YKL-
40 is present in many types of malignancies,
including breast, colon, kidney, lung, glioblastoma,
pancreas, and thyroid. Moreover, a relationship
between high serum YKI-40 levels and worse
survival outcome has been detected [14].

Ischemia modified albumin (IMA) indicates
oxidative stress and is a product generated from
albumin as a result of hypoxia [15]. Serum IMA
levels were widely determined for different types
of ischemic diseases. It is a modified protein
generated during acute ischemic conditions [16].
Also, levels of serum IMA were found to be high
in gastric, colorectal, prostate, soft tissue cancer,
and neuroblastoma patients [17-20]. A few reports
have mentioned serum IMA levels in breast cancer
patients [21].

Cancer antigen 15-3 (CA15-3) and
carcinoembryonic antigen (CEA) are routinely
assayed serum tumor indicators in breast cancer
patients.

We hypothesized that the SUVmax, YKI-40,
CA15-3, CEA, and IMA levels may change with
tumor size and can be used as markers of breast
cancetr.

This study aimed to analyze the differences in
tumor SUVmax of patients with breast cancer and
to compare serum YKL-40 levels with healthy
controls. In addition, differences in SUVmax,
serum YKIL-40, IMA, CEA and CA15-3 levels in
the patient group according to tumor diameter
were investigated.

Methods and Materials

This study was carried out in a case-control plan
at the department of nuclear medicine between
July 2012-July 2013. During the study period, the
department was serving monthly around 150
patients. A written informed agreement was
obtained from all participants, and ethical
permission was taken from the hospital’s local
ethics board.

Fifty-one women who underwent PET/CT
imaging for initial staging were included in the
study. The interval between PET/CT imaging and
breast biopsy was minimum two weeks. The
patients were confirmed to have breast cancer per
pathological examination. No patients had any
connective tissue or other systemic disease or
received any treatment before PET-CT scanning.

Among the patient relatives, 38 healthy adult
women agreed to join the study as controls

without any age restriction. The control
participants did not have any history of previous
cancer, chemotherapy, other chronic or

inflammatory conditions, or chronic medication
use. (Figure 1).

The independent study variable was patients and
healthy women groups. Dependent study variables
were YKL-40 levels and IMA. Additionally,
SUVmax, CA15-3, and CEA levels were assessed
in the patient group. Depending on the tumor
size, the participants were split into two groups as
<2 cm and 2-5 cm. Ages of the patients,
lymphovascular invasion, presence of metastasized
nodes, or distant tumor spread were recorded.

Post hoc sample size estimation was done
centered on the primary outcome variable mean
YKL-40 levels. A total sample size of 89
participants (51 study cases and 38 healthy
controls) provides a power of 80% to entirely
mean YKIL-40 levels using the Student’s t-test
with an effect size of 0.61 (sufficient to compare
mean;=32 and mean,=38 given a standard
deviation of 10) and an alpha error of 0.05 [22].

18F-FDG PET/CT protocol: All patients fasted for
minimally 6 hours, and their serum glucose was
analyzed before 18F-FDG injection to ascertain that
the level was less than 200 mg/dL. An intravenous
injection of 444-555 MBq (12-15 mCi) 18F-FDG
was applied to the patients and 60-90 minutes of
resting was requested after the injecton. PET/CT
scans were done using a Siemens Biograph PET/CT
system (Siemens, Knoxville, TN, USA). A low-dose
CT scan was taken from the vertex to the thigh.
Then, PET imaging was performed (7-9 beds, 3
min/bed) in the supine position. Increased 18F-FDG
uptake compared to the background behavior was
identified as unnatural, and CT images were used for
anatomical information. In each case, the region of
interest was taken manually from the PET/CT images
that displayed the most extreme 18F-FDG uptake in
the primary breast lesion, and the SUVmax was
automatically measured.

Biochemical analysis: Before PET/CT scanning,
blood samples from 51 breast cancer patients were
taken, serum samples were obtained, and then the
sera were kept at a deep freeze (-80 °C) till the day of
analysis. Serum YKL-40, IMA, CEA, and CA15-3
values were measured. Additionally, YKI-40 and
IMA levels were analyzed in healthy volunteer serum
samples. YKL-40 serum levels were measured with a
commercially available YKIL-40 Quantikine ELISA
Kit (Cat DC3L10, R&D Systems, Inc. Minneapolis,
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Table 1. Descriptive Presentation of The Tumor-Related Characteristics

n %
Tumor size <2 cm 18 35.3
2-5 cm 33 64.7
Pathological examination Invasive ductal 45 88.2
Invasive lobular 3 5.9
Mixed 3 59
Lymphovascular invasion No 8 21.6
Yes 29 78.4
Metastatic lymph nodes No 10 28.6
Yes 25 71.4
Metastatic lymph nodes in PET/CT No 21 41.2
Yes 30 58.8
Distant metastasis No 46 90.2
Yes 5 9.8
Table 2. Comparison of SUVmax and Some Biochemical Variables According To Tumor Size
Tumor size
<2 cm 2-5 cm
Median 1QR Median IQR Z p
SUVmax 3.21 4.19 6.65 6.68 2.661 0.008
YKIL-40 (ng/ml) 32.26 15.38 53.58 38.76 3.134 0.002
CA15-3 (ng/ml) 13.55 8.04 20.40 13.90 2.415 0.016
CEA (U/ml) 1.56 0.67 2.28 2.46 2.237 0.025
IMA (U/mL) 0.84 0.10 0.86 0.15 0.195 0.846

IQR: Interquartile Range, Z: Mann-Whitney U test value

MN, USA). Serum samples were diluted at 1:50 with
the assay buffer. Serum IMA was measured using the
albumin cobalt binding assay. The findings were
reported as absorbance unit (ABSU). Serum CEA
levels were measured in a DXI analyzer using the
chemiluminescence method (Beckman Coulter, USA).
Serum CA15-3 was measured by commercially
available EIA kits (CanAg CA15-3, Fujirebio
Diagnostics, Inc. Malvern, PA, United States).

Statistical methods: Data was entered into the
computer and analyzed using the SPSS 25.0 software
(SPSS, Chicago, Illinois, USA). The results were
presented as frequencies, percentages, mean, standard
deviations (SD), median, and interquartile range
(IQR). All numerical data were tested for normality
using the Shapiro-Wilk test. The comparison of two
independent groups for a numerical variable was
performed by the Mann-Whitney U test. Correlations
wete assessed using the Spearman's rank correlation.
Logistic regression analysis was performed to check
the independent effects of IMA and YKL-40 on
classifying breast cancer. A p-value of <0.05 was
regarded as statistically significant.

Results

Results for 51 patients with breast cancer and 38
healthy women are reported. The median age of
the participants was 50.55£10.94 years (min. 30,
max. 72). Of the 51 women with cancer, 18 had a
tumot size <2 c¢m, while 33 had a tumor size of 2-
5 cm. The pathological examination showed
invasive ductal carcinoma as the most common
tumor type (88.2%; n=45). On the other hand, a
lymphovascular invasion was present in 78.4%
(n=29) of the patients. The majority had no
distant metastasis (Table 1).

Outcome Data: The mean SUVmax, YKIL-40, CEA,
and CA15-3 levels of patients with a 2-5 cm tumor
diameter were significantly elevated than those with a
tumor size of <2 cm, but IMA levels in the two
groups were not different (Table 2).

In patients with breast cancer, higher serum YKL-
40 and IMA levels were seen compared to the
healthy subjects (Table 3, Figure 2).

YKL-40 showed significant correlations with
CA15-3 (£=0.318, p=0.023) and IMA (r=0.257,
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Table 3. Comparison of IMA and YKI-40 Levels In Patient and Control Groups

Groups
Breast cancer Healthy controls
Median IQR Median IQR Z p
IMA (U/mL) 0.84 0.12 0.70 0.12 4.145 <0.001
YKI.-40 (ng/ml) 44.96 43.25 31.36 16.72 3.724 <0.001
IQR: Interquartile Range, Z: Mann-Whitney U test value
Table 4. Logistic Regression Analysis Computer Output
95% CI for EXP (B)
B SE Wald p Exp (B) Lower Upper
IMA 3.634 1.648 4.863 0.027 37.855 1.498 956.542
YKIL-40 0.045 0.014 9.819 0.002 1.046 1.017 1.077
Constant -4.293 1.401 9.386 0.002 0.014

sensitivity of 74.0% and a specificity of 78.9% in
Patients applied correctly classifying breast cancer patients (overall

(2012-2013] percentage: 76.1%). Both variables had significant
effects on the outcome (Table 4).

Discussion

The serum YKIL-40 levels and IMA values were
higher in breast cancer patients compared to
healthy participants. The mean SUVmax, YKL-40,
CA15-3, and CEA measurements of women with
larger tumors were considerably larger than those
with smaller tumot sizes. Combined, YKI.-40 and
IMA measurements have an overall 76.1%
predictive capacity for detecting breast cancer.

Underwent PET/CT due to
biopsy-proven breast cancer|

No pathological verification ) o
available The results should be interpreted in in light of the

fact that our sample size allows for a relatively
large effect size. On the other hand, among the
studied variables, only YKL-40 and IMA were
studied both in cancer and control groups.
Another limitation is the time gap between study
conduction and reporting, which was due to the
personal problems of the primary author.
However, the relationships of YKL-40 and IMA
with breast cancer are still not sufficiently
elaborated.

Breast cancer (BC) Healthy controls (HC)

The advantages of PET/CT in malignant condition
diagnoses made this imaging modality more
Blood tests Blood tests preferable for patients and health professionals.
PET/CT scans are increasingly ordered in breast
cancer patients before or after surgery [14].
Furthermore, increased YKIL-40 levels in the
Fig. 1. Participant Flow Chart circulation were found in many solid tumors including
breast, endometrial cancer, lung, ovarian cancer,
colon, prostate, bladder, squamous cell cancer of the
esophagus, melanoma, and glioblastoma, which was
suggested as a predictor of poor outcome or short
disease-free survival [23]. Large-sample clinical
research performed in Danish people indicated that

p=0.016). However, there were no correlations
with SUVmax and the other measured serum
variables in the breast cancer group (p>0.05).
When a logistic regression analysis was performed,
the combined use of IMA and YKIL-40 had a
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Fig. 2. Comparison of YKL-40 levels in patient and
control groups

higher levels of plasma YKI.-40 increase the risk of
eatly mortality from cancer, cardiovascular disease,
and other health conditions [24]. Our results
demonstrate that serum YKI-40 levels are higher in
invasive ductal carcinoma patients compared to
healthy controls.

Studies investigating IMA and breast cancer are
scarce. IMA Ma et al. [25] reported that there was a
significant difference in IMA levels before and after
cach cycle of doxorubicin chemotherapy, and the
IMA levels positively correlated with the cumulative
doses in patients with breast cancer. Also, Abusoglu et
al. [21] reported that the IMA level was higher in
patients than in control subjects. Similarly, in our
study, the IMA level was higher in cancer patients
than in the control group.

Ciledag et al. [20] reported that tumor size was not
related to the blood YKIL-40 values in individuals
with lung cancer. On the contrary, Wang et al. [27]
mentioned that a significantly higher percentage of
breast cancer patients with YKL-40 positive
tumors had a bigger tumor size. Our results show
that a positive relationship is present between
YKIL.-40 and tumor size. On the other hand,
although we found an association between tumor
size and CA15-3 as well as CEA levels, Fujimoto
et al. [28] showed that tumor size was not
associated with serum CA15-3 and CEA values in
women having breast malignancies. However, this
issue needs further clarification with other studies.

Karam et al. [29] showed that SUVmax of non-small
cell lung cancer patients had a substantial correlation
with tumor size. Besides, Ozgul et al. [30] published
the same figures before, in people with non-small cell
lung malignancy. Our results show that a positive
relationship was founded between SUVmax and
tumor size. The literature lacks any report in patients
with breast cancer showing significant differences of
SUVmax for different patient groups categorized
based on the tumor size.

PET/CT combines anatomical and functional

imaging, which has been shown to increase the
accuracy of the detection of recurrences and
metastases [31]. SUVmax has been shown to be
correlated with tumor size and invasion [32,33]. Our
findings support the knowledge that higher SUVmax
values may indicate higher malignancy of the tumor
and worse treatment outcomes. In light of our
findings, it may be claimed that PET/CT SUVmax
values associate well with the immunohistochemical
YKI-40 results and tumor size.

To the best of our knowledge, there is no
investigation on the combined effects of YKL-40
and IMA in patients with breast cancer. We
believe that our report can contribute to the
medical literature by guiding researchers focusing
on novel diagnostic methods for detecting and
classifying breast cancer.

Conclusion

The combined analysis of serum YKIL-40 and
IMA levels can contribute to the diagnosis of
breast cancer. Furthermore, higher SUVmax,
YKL-40, CA15-3, and CEA values in women
having breast malignancies indicate larger tumor
sizes. Studies with bigger sample sizes and more
predictive variables can suggest cheap, fast, and
non-invasive methods in the diagnosis of breast
cancet.
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