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Abstract

Objective: Postoperative delirium (POD) has rarely been investigated in breast cancer patients.
Herein, we assessed the association between serum levels of the inflammatory biomarker trans-
locator protein (TP) and the occurrence of POD in breast cancer patients.

Methods: In this prospective, observational study, TP levels were detected in preoperative and
postoperative serum samples from |52 elderly breast cancer patients, samples from 152 healthy
elderly women, and samples from 152 elderly women with benign breast diseases. The relation-
ship between serum TP levels and POD was investigated using multivariate analysis.

Results: TP levels in postoperative patient serum samples were significantly higher than in
preoperative patient serum samples and serum from women in the two control groups.
Postoperative serum TP levels were independently correlated with serum C-reactive protein
levels and the occurrence of POD. Postoperative serum TP levels had a high discriminatory ability
for POD under the receiver operating characteristic curve.

Conclusions: Increased postoperative serum TP levels are independently associated with the
degree of inflammatory response and the risk of POD in elderly breast cancer patients, sub-
stantializing TP as an inflammatory biomarker that can efficiently discriminate POD after breast
cancer surgery.
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Introduction

The incidence of cancer has been increasing
annually worldwide."? Breast cancer is a
common type of cancer that greatly affects
women’s health.*® Surgery is an important
treatment modality for wvarious cancers,
including breast cancer.”® However, some
postoperative complications, including post-
operative delirium (POD), are unavoidable
during surgery.'”'? Growing data show
that POD, which can easily occur in elderly
patients, can increase patient mortality and
prolong hospital stays.'>"'® While there have
been many reports of POD in cancer
patients,'”"? few studies have investigated
POD in breast cancer patients.?%?!
Although the mechanisms underlying POD
are not fully understood, it is known that
cerebral neuronal damage can result in
POD. Among the variety of causes, inflam-
mation might be an important process of
brain injury.>*>* Thus, we may be able to
identify inflammatory biomarkers that can
discriminate those at a high risk of POD
among breast cancer patients.

Translocator protein 18 kDa (TP) was
formerly recognized as a peripheral benzo-
diazepine receptor.”> It has also been
revealed that this receptor is primarily dis-
tributed in the brain. Under non-
pathological conditions, TP levels are very
low in glial cells, but there is accumulating
evidence that TP expression increases in
parallel with microglial activation. Thus,
an imaging technique that traces TP has
become a method to quantify neuroinflam-
mation.’*?” Elevated TP levels in peripheral
blood have been reported to be highly asso-
ciated with the severity and outcome of
patients with acute ischemic stroke, acute
intracerebral hemorrhage, spontaneous
subarachnoid hemorrhage, and severe trau-
matic brain injury.”®>' Thus, TP is consid-
ered an inflammatory biomarker that
reflects the level of brain injury. However,
it is unclear if there is a relationship

between circulating TP levels and POD.
This study was designed to detect serum
TP levels in a group of the elderly breast
cancer patients who underwent a surgery,
and to further investigate the ability of
serum TP to predict POD.

Materials and methods

Study population

We performed this prospective, observa-
tional study at Yinzhou People’s Hospital,
Ningbo, China between January 2014 and
February 2018. The study cohort was com-
posed of three groups of elderly individuals
(age >65 years old) as follows: (1) elderly
female patients with histologically con-
firmed breast cancer, (2) healthy elderly
women (healthy controls), and (3) elderly
women with benign breast diseases (benign
controls). The exclusion criteria for the
breast cancer patients were previous history
of any type of cancer, stage 0 (in situ breast
cancer) or stage IV disease (multiple can-
cers, metastatic disease at diagnosis, or dis-
tant organ metastasis), recent infection, and
a documented history of neurological or
psychological diseases (such as dementia,
stroke, or delirium). The study protocol
was formed based on the World Medical
Association Declaration of Helsinki. This
study was performed after approval by the
ethics committee of Yinzhou People’s
Hospital. Written informed consent to par-
ticipate in the study was obtained from all
participants or their relatives.

Assessments

The recorded information included demo-
graphic data (e.g., age and body mass
index), medical comorbidities (modified
Charlson’s Comorbidity Index), surgical
risk (American Society of Anesthesiologists
rating scale), tumor size, hormone receptor
status, lymph node status, histologic grade,
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nuclear grade, and tumor-node-metastasis
stage. Patients underwent radical mastecto-
my or modified radical mastectomy, and
twice daily during the first 7 postoperative
days, we used the Confusion Assessment
Method™* to assess POD. Adjuvant treat-
ments comprised radiotherapy, chemothera-
py, and hormone therapy.

Measurements

Peripheral blood was drawn from patients
via the antecubital vein between 7 and
8 AM 1 day preoperatively and on the
first postoperative day. We also obtained
blood samples from healthy individuals
and controls with benign breast diseases.
Blood samples were centrifuged at
3000 xg, aliquoted, and frozen at —70°C
until examination. Serum TP levels were
quantified in duplicate using a specific
enzyme-linked immunosorbent assay kit
(Cloud-Clone Corp., Katy, TX, USA) in
accordance with the manufacturer’s instruc-
tions. Every 3 months, a batch of samples
was gauged by the same technician blinded
to the patients’ clinical information using
the same equipment. The minimum detect-
able level of TP was 0.127 ng/mL.

Statistical analysis

The statistical analysis software used in this
study included IBM SPSS Statistics for
Windows, version 19.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc, version
9.6.4.0 (MedCalc Software, Mariakerke,
Belgium). This study included two types
of data, namely, categorical and continuous
data. Categorical data are presented as
counts (percentages) and were compared
with the Chi-square test or Fisher’s exact
test as appropriate. Continuous data were
analyzed using the Kolmogorov—Smirnov
or Shapiro—Wilk tests to assess the normal-
ity of distribution. Normally distributed
data were presented as mean (standard

deviation), and non-normally distributed
data were reported as median (interquartile
range [IQR]). Subsequently, a t test, one-
way ANOVA, the Mann—Whitney U test,
or the Kruskal-Wallis H test were
performed for two- or multiple-group com-
parisons. Bivariate correlation analyses
were performed using the Spearman rank
correlation test or Pearson correlation test
as appropriate; afterwards, a multivariate
linear regression model was configured to
discern variables that were independently
associated with serum TP levels. We also
constructed a binary logistic regression
model to identify independent predictors
of POD. In addition, the odds ratio (OR)
and 95% confidence interval (CI) values
were reported. Using the receiver operating
characteristic (ROC) curve with estimated
area under curve (AUC) and 95% CI
values, the predictive value of serum TP
levels for POD was evaluated and an opti-
mal value was selected, which was used to
generate the corresponding sensitivity and
specificity values. A two-tailed P value
of <0.05 was designated as the cutoff for
statistical significance.

Results

Clinical characteristics of the participants

In this study, we enrolled 152 elderly
women with histologically confirmed
breast cancer, 152 healthy elderly women
(healthy controls), and 152 elderly women
with benign breast diseases (benign con-
trols). There were no statistically significant
differences among the three groups regard-
ing age or body mass index. Among the
breast cancer patients, the median age was
68 years (range: 65-78 years; IQR: 67-71
years) and the median body mass index
was 252kg/m*> (IQR: 23.2-27.3kg/m?
range: 20.2-32.0kg/m?). The median
Modified Charlson’s Comorbidity Index
was 1 (range: 0-2; IQR: 1-2), and the
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American Society of Anesthesiologists rating
scale was 1 for 88 breast cancer patients and
II for 64 patients. Tumor sizes were <2 cm in
80 patients and >2cm in 72 patients. Ninety-
four patients had tumor-node-metastasis
stage I or II disease, and 58 patients had
tumor-node-metastasis stage 111 disease. The
lymph node status was negative in 69 patients
and positive in 83 patients. The histologic
grade was I or II in 77 patients and grade
III in 75 patients. Nuclear grade I or II was
revealed in 81 breast cancer patients, and 71
were found to be nuclear grade III. A total of
67 and 85 patients presented with negative
and positive estrogen receptor status, respec-
tively, and a negative and positive progester-
one receptor status was found in 77 and 75
patients, respectively. Among the 152 total
elderly breast cancer patients, 30 (19.7%) suf-
fered from POD. The onset of POD ranged
from 1 to 5 days after surgery (median: 2
days; IQR: 1-3 days).

Changes in serum TP levels

TP levels were undetectable in all serum
samples from healthy controls and benign

controls as well as in all preoperative
serum samples from breast cancer patients
(<0.127ng/mL); thus, all of these samples
were regarded as 0. Postoperative serum
TP levels in the elderly breast cancer
patients ranged from 0 (undetectable; 113
patients) to 2.209 ng/mL, with a median of
Ong/mL and an IQR of 0 to 0.172 ng/mL.
Obviously, TP levels were substantially
higher in the postoperative serum samples
from patients than in serum samples from
healthy controls and benign controls as well
as in preoperative serum samples from the
same patients (all P <0.001).

As listed in Table 1, postoperative
serum TP levels were closely correlated
with tumor size, tumor-node-metastasis
stage, lymph node status, histologic grade,
nuclear grade, estrogen receptor status, pro-
gesterone receptor status, serum C-reactive
protein levels, and serum D-dimer levels.
Multivariate linear regression analysis
showed that postoperative serum TP levels
were independently associated with serum
C-reactive  protein  levels (t=4.062,
P<0.001) (Figure 1).

Table |. Correlative analysis between postoperative serum translocator protein levels and other variables

among elderly breast cancer patients.

Components r value P value
Age (years) 0.088 0.282
Body mass index (kg/m?) —0.061 0.457
Modified Charlson’s Comorbidity Index 0.128 0.115
American Society of Anesthesiologists rating scale (I/11) 0.085 0.298
Tumor size (<2 cm/>2 cm) 0.210 0.009
Tumor-node-metastasis stage (I+I1/I1) 0.442 <0.001
Lymph node status (negative/ positive) 0.249 0.002
Histologic grade (I-+I1/11) 0.280 <0.001
Nuclear grade (I1+I1I/111) 0.187 0.021
Estrogen receptor status (negative/positive) 0.224 0.006
Progesterone receptor status (negative/positive) 0.180 0.027
Serum C-reactive protein levels (mg/L) 0.448 <0.001
Blood white blood cell count (x 10%/L) 0.148 0.068
Serum D-dimer levels (mg/L) 0.219 0.007

Bivariate correlation was analyzed using Spearman rank correlation test.
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Figure |. Relationship between postoperative
serum translocator protein levels and serum
C-reactive protein levels among elderly breast
cancer patients.

POD prediction ability of serum TP levels

Postoperative serum TP levels were remark-
ably elevated in patients who developed
POD compared with those who did
not (Figure 2). Using ROC curve analysis,
we found that postoperative serum TP
levels exhibited a significantly high discrim-
inatory ability for patients at risk of POD
(Figure 3); moreover, a cutoff value of
0.385 ng/mL was found to differentiate
between patients with a risk of developing
POD and those without a risk of POD.
This TP cutoff value presented a sensitivity
of 70.0% and a specificity of 95.1%.
As shown in Tables 2 and 3, compared
with patients who did not present a risk
of POD, those who developed POD
tended to be older, were more likely to
have an elevated tumor-node-metastasis
stage and a positive lymph node status,
were more prone to have an increased his-
tologic and nuclear grade, had significantly
increased serum C-reactive protein levels,
white blood cell counts, and serum
D-dimer levels, as well as substantially

Serum translocator protein levels (ng/mL)

Presence of delirium Absence of delirium

Figure 2. Comparison of serum translocator
protein levels by postoperative delirium status after
breast cancer surgery in elderly women.
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Figure 3. Analysis of the predictive value of serum
translocator protein levels for postoperative delir-
ium among elderly breast cancer patients.

increased postoperative serum TP levels
(>0.385ng/mL). When these variables
were incorporated into a binary multivari-
ate logistic regression model, we found that
age and postoperative serum TP levels
>0.385ng/mL were independently associat-
ed with the occurrence of POD (Table 4).

Discussion

To the best of our knowledge, this is the
first study to investigate serum TP levels
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Table 2. Comparison of demographic, clinical, and laboratory parameters by postoperative delirium status
among elderly breast cancer patients.

Presence of Absence of
Components POD (n=30) POD (n=122) P value
Age (years) 71 (68-73) 67 (66-70) <0.001
Body mass index (kg/m?) 242 (22.6-27.1)  25.1 (23.4-27.3) 0.383
Modified Charlson’s Comorbidity Index I (1-2) 1 (0-2) 0.200
American Society of Anesthesiologists rating scale (I+11)  14/16 74/48 0.164
Tumor size (<2 cm/>2 cm) 13/17 67/55 0.255
Tumor-node-metastasis stage (I+11/111) 12/18 82/40 0.006
Lymph node status (negative/positive) 8/22 6l/6l 0.021
Histologic grade (I+II/1l1) 9/21 68/54 0.012
Nuclear grade (I4+11/111) L1/19 70/52 0.042
Estrogen receptor status (negative/positive) 13/17 54/68 0.927
Progesterone receptor status (negative/positive) 14/16 63/59 0.626
Serum C-reactive protein levels (mg/L) 31.7 (24.6-35.0)  26.5 (19.4-31.7) 0.008
Blood white blood cell count (x 10°/L) 9.1 (7.0-11.0) 7.3 (5.5-94) 0.004
Serum D-dimer levels (mg/L) 3.3 (2.345) 2.3 (1.7-2.5) 0.002
Postoperative serum translocator 20 (66.7%) 8 (7.1%) <0.001

protein levels >0.385 ng/mL

Data are reported as median (interquartile range) or counts (percentage) as appropriate and were compared with the
Mann-Whitney U test, chi-square test, or Fisher exact test as indicated. n denotes the number of patients.

Table 3. Demographic, clinical, and laboratory parameters related to postoperative delirium in elderly
breast cancer patients by univariate logistic regression analysis.

Odds ratio (95%

Components confidence interval) P value
Age (years) 1.235 (1.094-1.395) 0.001
Body mass index (kg/m?) 0.932 (0.799-1.089) 0.376
Modified Charlson’s Comorbidity Index 1.479 (0.847-2.584) 0.169
American Society of Anesthesiologists rating scale (I/Il) 1.762 (0.789-3.937) 0.167
Tumor size (<2 cm/>2 cm) 1.218 (0.548-2.710) 0.629
Tumor-node-metastasis stage (I4+I/11) 3.075 (1.351-6.999) 0.007
Lymph node status (negative/positive) 2.750 (1.137-6.654) 0.025
Histologic grade (I-+II/111) 2.938 (1.245-6.935) 0.014
Nuclear grade (I+11/111) 2.325 (1.019-5.304) 0.045
Estrogen receptor status (negative/positive) 1.185 (0.530-2.650) 0.679
Progesterone receptor status (negative/positive) 1.220 (0.548-2.717) 0.626
Serum C-reactive protein levels (mg/L) 1.067 (1.016—1.120) 0.009
Blood white blood cell count (x 10°/L) 1.249 (1.083-1.440) 0.002
Serum D-dimer levels (mg/L) 1.681 (1.221-2.316) 0.001
Postoperative serum translocator 28.500 (10.032-80.962) <0.001

protein levels >0.385 ng/mL
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Table 4. Factors associated with postoperative delirium in elderly breast cancer
patients by multivariate logistic regression analysis.
Odds ratio
Components (95% confidence interval) P value
Age (years) 1.374 (1.130-1.671) 0.001
Tumor-node-metastasis stage (I+I1/11) 1.421 (0.473-4.272) 0.531
Lymph node status (negative/positive) 1.822 (0.599-5.545) 0.291
Histologic grade (I-++1/1l) 1.367 (0.469-3.983) 0.567
Nuclear grade (I+I1/111) 1.851 (0.662-5.172) 0.240
Serum C-reactive protein levels (mg/L) 1.043 (0.984-1.106) 0.152
Blood white blood cell count (x 107/L) 0.980 (0.904-1.063) 0.625
Serum D-dimer levels (mg/L) 1.745 (0.461-6.602) 0.412
Postoperative serum translocator 33.343 (11.223-196.164) <0.001
protein levels > 0.385 ng/mL
in breast cancer patients with POD. Although postoperative inflammatory

Although many papers'” ' have reported
POD cases in cancer, few reports have
investigated POD in only breast cancer
patients.?*! Therefore, our data regarding
POD in breast cancer are novel. The main
findings of our study are that: (1) there was
a 19.7% incidence rate of POD in this
cohort of breast cancer patients; (2) com-
pared with the serum from healthy controls
and benign controls as well as preoperative
serum from patients, TP levels were signif-
icantly increased in postoperative serum
samples from patients; (3) postoperative
serum TP levels were significantly higher
in patients at risk of POD than in those
not experiencing POD; (4) postoperative
serum TP levels were independently corre-
lated with serum C-reactive protein levels
by multivariate linear regression analysis;
(5) postoperative serum TP levels were
highly predictive of POD; and (6) postoper-
ative serum TP levels, which were identified
as a categorical variable, in addition to age
were the two independent predictors of
POD in this cohort of breast cancer
patients. Taken together, these findings sug-
gest that TP could be an inflammatory bio-
marker that can distinguish POD in elderly
breast cancer patients.

brain injury is an important mechanism
for the occurrence and development of
POD,?>?* the biological functions of TP
in the central nervous system remain to
be explored. However, there is significant
evidence that TP can be an inflammatory
biomarker that reflects the inflammatory
status of various acute brain injury diseases,
such as acute intracerebral hemorrhage,
ischemic stroke, acute traumatic brain
injury, and spontaneous subarachnoid hem-
orrhage.”® 3! This study showed that post-
operative serum TP levels were significantly
elevated compared with preoperative serum
TP levels in breast cancer patients and fast-
ing serum TP levels in healthy and benign
controls. Intriguingly, serum C-reactive
protein levels were also independently
correlated with postoperative serum TP
levels after correcting for other possible
confounding factors, such as tumor size
and histological type. These results indicat-
ed that postoperative brain injuries might
exist in breast cancer patients.

In this study, we found that the POD
incidence of breast cancer patients was
19.7%. Disappointingly, owing to the pau-
city of previous data regarding POD in
breast cancer patients, we could not make
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a comparison of the POD incidence from
previous reports. The other finding of this
study was that postoperative serum TP
levels were significantly raised in patients
at high risk of POD compared with patients
who did not suffer from POD. We hypoth-
esize that neuroinflammation might be a
factor that results in POD in breast cancer
patients. The reasons for neuroinflamma-
tion causing POD may include intraopera-
tive ischemic and hypoxic brain injury, to
which the elderly are increasingly suscepti-
ble;** 37 however, the actual pathogenesis
of POD needs to be explored in future stud-
ies of breast cancer patients.

In this study, we further clarified the pre-
dictive value of serum TP levels for POD in
this group of cancer breast patients. In
accordance with the AUC (0.823), serum
TP levels had a medium-high predictive
value for POD. Using a multivariate logistic
regression analysis, age and serum TP levels
were highly associated with POD among
breast cancer patients. Clearly, age is the
most relevant determinant for POD in a
variety of diseases.”® ** Thus, it would be
interesting for serum TP levels to be an inde-
pendent predictor for POD only in elderly
breast cancer patients. This interpretation
is based on TP being a well-known candidate
for neuroinflammation.”®*” Although such
an explanation needs to be verified in a
larger cohort, this finding might indicate
that serum TP could be used as a neuroin-
flammatory biomarker to predict POD in
elderly breast cancer patients.

In conclusion, our data showed that
increased postoperative serum TP levels
were closely associated with serum
C-reactive protein levels and independently
predicted POD among elderly women with
breast cancer. Serum TP levels exhibited
a high discriminatory capability, which
substantialized postoperative serum TP as
a promising inflammatory biomarker to dis-
tinguish elderly breast cancer patients who
are at risk of POD.

Abbreviations

AUC, area under curve; CI, confidence
interval, IQR, interquartile range; OR,
odds ratio; POD, postoperative delirium;
ROC, receiver operating characteristic;
TP, translocator protein.
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