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Objectives: To explore the correlation between the incidence rates of
depression and anxiety and cerebral glucose metabolism in cancer patients.

Methods: The experiment subjects consisted of patients with lung cancer, head
and neck tumor, stomach cancer, intestinal cancer, breast cancer and healthy
individuals. A total of 240 tumor patients and 39 healthy individuals were
included. All subjects were evaluated by the Hamilton depression scale
(HAMD) and Manifest anxiety scale (MAS), and were examined by whole body
Positron Emission Tomography/Computed Tomography (PET/CT) with 18F-
fluorodeoxyglucose (FDG). Demographic, baseline clinical characteristics, brain
glucose metabolic changes, emotional disorder scores and their relations were
statistically analyzed.

Results: The incidence rates of depression and anxiety in patients with lung
cancer were higher than those in patients with other tumors, and Standard
uptake values (SUVs) and metabolic volume in bilateral frontal lobe, bilateral
temporal lobe, bilateral caudate nucleus, bilateral hippocampus, left cingulate
gyrus were lower than those in patients with other tumors. We also found that
poor pathological differentiation, and advanced TNM stage independently
associated with depression and anxiety risk. SUVs in the bilateral frontal lobe,
bilateral temporal lobe, bilateral caudate nucleus, bilateral hippocampus, left
cingulate gyrus were negatively correlated with HAMD and MAS scores.

Conclusion: This study revealed the correlation between brain glucose
metabolism and emotional disorders in cancer patients. The changes in brain
glucose metabolism were expected to play a major role in emotional disorders in
cancer patients as psychobiological markers. These findings indicated that
functional imaging can be applied for psychological assessment of cancer
patients as an innovative method.
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1 Introduction

Malignant tumor is a disease that seriously threatens human
health. It is estimated that the global cancer burden will reach 28.4
million cases by 2040, an increase of 47% over 2020 (1). Malignant
tumor not only causes patients physical pain, but also leads to
varying degrees of mental stress. With the progress of medical
technology and the change of therapeutic model, malignant tumor
has become a somatopsychic disease. Since most tumors cannot be
completely cured, tumor patients are often accompanied by obvious
psychological changes, the most common symptoms of which are
anxiety and depression. Tumor-related anxiety and depression
refers to the pathological mental disorders or syndrome during
the diagnosis and treatment of malignant tumors. Symptoms
mainly include decreased interest, lack of energy, lack of physical
strength, pessimism, self-incrimination and suicide tendency.
Previous studies have shown that the in cadence of depression in
tumor patients is 1.5%~50.0% (2).It should be emphasized that
tumor-related anxiety and depression is a group of symptoms or
states caused by tumor based diseases, not psychotic anxiety and
depression. Anxiety and depression significantly increase cancer
patients’ risk of noncompliance with treatment, and contribute to a
poorer treatment response and increased rates of hospital
admission, worst of all, it can lead to mortality and even suicide
(3-7). Therefore, early recognition of depression and anxiety is
crucial to the prognosis of cancer patients.

Positron emission tomography/computed tomography (PET/
CT) with 18F-fluorodeoxyglucose (FDG) has been extensively used
in oncology for providing metabolic information and studying
cancer staging, therapeutic response etc (8, 9). In recent years,
resting-state PET/CT techniques can also be applied to validate
hypotheses concerning the changes in functional connectivity that
occur in various kinds of diseases such as schizophrenia,
Alzheimer’s disease (10), depression (11), diabetic patients (12)
and normal aging (13). 18F-FDG uptake was measured with PET
technology to assess the cerebral glucose metabolic rate at rest, as a
representative of neuronal activity (14). Numerous studies have
demonstrated that the brain glucose metabolism changes in patients
with depression before and after antidepressant treatment. Previous
studies have shown that local glucose metabolism increases in the
left dorsal prefrontal cortex and anterior cingulate cortex were
observed by 18F-PET/CT in patients with refractory depression
after treatment, which is highly correlated with the improvement of
depression (15). In the past, abnormal glucose metabolism in the
brain of patients with various malignant tumors has been detected
by 18F-PET/CT (16, 17), which suggests that there may be tumor-
related depression. PET/CT is commonly used in tumor diagnosis,
and tumor patients are often accompanied by emotional
abnormalities. Therefore, PET/CT evaluation of local brain
glucose metabolism changes in tumor patients is helpful for early
detection and intervention of tumor-related depression.

The purpose of this study was to compare the correlation
between the incidence rate of depression and anxiety and cerebral
glucose metabolism in different tumors, distinct clinical stages and
pathological types. This study revealed the characteristics of brain
glucose metabolism changes in cancer patients and their correlation
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with emotional disorders. Brain glucose metabolic changes can
hopefully be regarded as a clinical neurobiological label to
evaluate emotional disorder for cancer patients.

2 Methods

Patient recruitment. A total of 240 tumors patients and 39
matched controls were recruited from the Affiliated Hospital of
Jiangnan University, from January 2022 to September 2022.

2.1 Tumor group

Inclusion criteria were as follows: (I) The participants were not
aware of the disease, aged 18-80 years old, regardless of gender. (II)
A clinical suspicion of malignancy. (III) No previous organic
diseases such as heart, lung, liver, pancreas, kidney diseases, no
metabolic diseases of hyperthyroidism, and no history or family
history of neuropsychiatric diseases. (IV) No history of
cerebrovascular accident, epilepsy, brain trauma or brain surgery.
(V) The patient had no conscious disorder and severe cognitive
disorder, and can complete the Hamilton depression scale (HAMD)
and manifest anxiety scale (MAS). Exclusion criteria were as
follows: (I) Failure to successfully complete PET/CT examination
or emotional scale evaluation. (II) Later, brain PET images cannot
meet the research needs. (III) Confirmed or suspected meningeal or
brain metastasis. (IV) No pathological evidence of tumor was
obtained. (V) Parallel participants in other clinical research.

2.2 The control group

Those who planned to perform 18F-PET/CT examination in
the Affiliated Hospital of Jiangnan University and who needed
tumor screening for various reasons. Inclusion criteria were as same
as tumor group (I) ~(V). Exclusion criteria were as same as tumor
group (I) ~(V). The study protocol was approved by the Ethics
Committee of the Affiliated Hospital of Jiangnan University, and all
patients or their relatives gave written informed consent.

2.3 Evaluation of emotional disorders

Hamilton Depression Scale (HAMD) and Dominant Anxiety
Scale (MAS) were used to evaluate the patients who were clinically
suspected of malignant tumors and who were to be examined with
18F-FDG PET/CT in the whole body (brain + trunk).All subjects
received medical history collection, physical examination, and
HAMD and MAS evaluation within one week after the diagnosis
of malignant tumor. Depression was defined as HAMD score > 8,
and anxiety was defined as MAS score > 14. The severity ranges for
the HAMD: no depression (0-7); mild depression (8-16); moderate
depression (17-23); and severe depression (>24). The severity
ranges for the MAS: no anxiety (0-14); mild anxiety(15-39); and
severe anxiety (240) (18).
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2.4 PET image acquisition

All patients were obliged to fast for at least 6 h before 18F-FDG
(5.55 MBq/kg) intravenous injection. Acquisition was conducted at
60 min after the injection. The patient was positioned in a supine
position on the scanner bed. Imaging data were purchased from the
skull to the thigh with a 1.5 min/bed position. PET/CT scanner from
Siemens (Biograph True Point PET/CT) collects a series of static
images of the trunk (from skull to thigh), and uses CT data to conduct
attenuation correction and positioning of PET images. PET/CT
served to differentiate the tumor site, abnormal metabolism and
metastatic lymph nodes. PET/CT TNM staging report was made by
two experienced nuclear physicians based on the patient’s PET/CT
examination results to analyze the patient’s tumor TNM staging.
Pathological TNM (pTNM) represents the pathological classification
of a tumor. Both clinical and pathological stage involve describing the
extent of the primary tumour (T category), involvement of regional
lymph nodes (N category), and spread (or metastasis) to distant sites
(M category) at the different time- points described above. The T, N,
and M categories can then be combined into Stage groups I, II, I1I,
and IV (19). Typically, stage I tumours are confined to the organ of
origin, and stage IV tumours have distant metastatic disease.
American Joint Committee on Cancer (AJCC) eighth edition
staging manual was used for T, N, and M staging (20).

2.5 Data processing

In this study, 18F-FDG uptake was measured using PET
technology to assess the resting-state cerebral glucose metabolism
rates as a proxy for neuronal activity. All imaging data were
processed using the PMOD PNEURO software tool (version 4.0
PMOD Technologies Ltd, Zu rich, Switzerland).

On the PMOD software, position correction and normalization
are performed on the image to make the PET image correspond to
the spatial coordinates of the brain atlas provided by the software.
The brain regions were divided into 116 brain parts (58 regions in
each hemisphere) through stereoscopic analysis, and the standard
uptake value (SUV) and metabolic volume of each brain region was
calculated quantitatively, corresponding approximately to
automated anatomical labeling (AAL-VOIs) atlas, to assess the
metabolism of the study area. Draw the ROI and extract the
average SUV value and Metabolic volume of the ROI. Finally, the
image was statistically processed.

Metabolic volume is defined as the sum of the volume of voxels
with SUV surpassing a threshold value in a volume-of-interest
(VOI). The highest voxel value on 18F-FDG PET/CT was
determined as SUVmax. The volume of the brain regions with
SUV > 2.5 was determined as Metabolic volume (ml) (21).

7 value was introduced into the software, which can be used to
compare SUV values of normal people and test patients. The z-score
defines the deviation of a sample with respect to the mean of a
distribution. It is defined by the formula z=(x-m)/c

Where x is the sample value, m the sample mean, and G the
standard deviation of the distribution. Therefore, z describes in the
deviation from the mean in number of standard deviations and is
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positive, when the sample is above mean, and negative when below.
M is Software Average SUV value.

2.6 Statistical analysis

SAS 9.3 statistical software was used for data analysis. The
measurement data were analysed by ANOVA, expressed as “x + s”.
The counting data were compared by the x” test. P value <0.05 was
considered significant. Prism statistical software was used for the HAMD
depression scale score, MAS anxiety scale score, SUV value and metabolic
volume among different tumor and lung cancer stages and pathological
grades were analyzed by variance. P value <0.05 was considered
significant. Pearson correlation analysis was conducted on the average
SUV and HAMD depression scale score and MAS anxiety scale score in
the abnormal activation area, with r>0.5 or 1<- 0.5 as the correlation.

3 Results

3.1 Demographic and baseline
clinical characteristics

The clinical data collected after recruitment include:
sociodemographic characteristics: age, gender, marital status, place
of residence, employment status before surgery and education level,
medical history and complications: smoking, drinking, hypertension,
hyperlipidemia, coronary heart disease, atrial fibrillation, diabetes,
blood glucose level, BMI value, Tumor characteristics: tumor
pathological grade, TNM stage, and degree of clinical treatment.

A total of 240 cancer patients and 39 matched controls were
included in the analysis. There were 240 adult patients with newly
diagnosed and confirmed cancer, including those with breast
(12.5% of cancer patients), lung (41.25%), intestinal (17.92%),
stomach (12.5%), and head and neck tumor (15.83%) (Table 1).

Age, marital status, place of residence, employment status and
education level before operation, alcohol consumption,
hypertension, hyperlipidemia, coronary heart disease, atrial
fibrillation, diabetes, blood glucose level, BMI value, tumor
pathological classification, TNM stage were not statistically
significant among groups. Gender was statistically significant
because all breast cancer patients were female. The smoking rate
of lung cancer patients has statistical difference. Due to different
tumor types, clinical stages and pathological grades, treatment plans
are also various, leading to statistical significance between surgical
treatment, chemotherapy and targeted treatment (Tables 1, 2).

3.2 Incidence of depression and anxiety
and SUVs of different brain regions in
patients with different tumors

2.1 Incidence rates of depression and anxiety in different types
of tumors:

HAMD and MAS were used to assess the incidence of
depression and anxiety. The HAMD score in the lung cancer
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TABLE 1 Baseline and demographic clinical characteristics.

10.3389/fonc.2023.1098943

Ctrl group ' Lung Head and neck Gastric Intestinal Breast
39 cancer 99 tumor38 cancer 30 cancer43 cancer30

Sex <.0001
male 19 67 27 18 25 0
female 20 32 11 12 28 30
Age 57.97+ 7.75 62.19+ 8.78 58.84+ 9.46 60.23+ 9.08 62.44+ 8.14 60.20+ 8.45 0.0655
Smoke(yes/no) 7132 25/74 8/30 5/25 4/39 0/30 0.0253
Drink(yes/no) 5/34 16/83 8/30 5/25 5/38 0/30 0.2013
Hypertension(yes/no) 8/31 27172 9/29 12/18 16/27 5/25 0.1947
Diabetes(yes/no) 2/37 10/89 4/34 3/27 3/40 0/30 0.4868
FBG(mmol/l) 5.99 +£0.99 598 + 1.55 5.87 £0.92 5.76 = 0.90 6.04 £ 0.92 6.17 + 1.17 0.8327
Hyperlipidemia (yes/no) 2/37 3/96 1/37 1/29 2/41 0/30 0.9145
Coronary heart disease(yes/ | 6/33 10/89 2/36 5/25 10/33 2/28 0.1434
no)
Atrial fibrillation(yes/no) 1/38 1/98 0/38 0/30 0/43 0/30 0.7651
BMI(kg/m2) 22.07 +2.13 2272 £2.72 22.86 £ 2.39 21.73 £ 2.61 22.86 + 1.50 21.67 +1.92 0.0538
Level of education 0.0532

Junior high school or less 15 65 19 19 22 14

High school 15 22 13 8 20 11

Undergraduate Graduate 9 12 6 3 1 5
or above
Marry status 0.977

Single 0 3 0 0 0 0

Divorced 3 5 2 2 4 2

Widowed 3 3 2 1 3 2

Married 33 91 34 27 36 36
Place of abode 0.3125

City 23 63 26 15 20 14

Cities and towns 10 26 8 12 20 11

Country 6 10 4 3 3 5
Working status 0.6310

working 27 69 26 21 25 17

non-working 12 30 12 9 18 13

group and head and neck tumor group was significantly higher than
that in control group, stomach cancer, intestinal cancer, and breast
cancer. Moreover, compared with the control group, head and neck
tumor group, stomach cancer, intestinal cancer, and breast cancer,
the MAS score in the lung cancer group increased significantly
(Table 3, Figures 1A, B).

2.2 SUVs and metabolic volume of different brain regions in
patients with different tumors:

A comparison of whole-brain glucose uptake was performed to
detect neuronal activity at the regional level. SUVs of each brain
region were used to evaluate glucose metabolism. It was found that

Frontiers in Oncology

the SUVs of the bilateral frontal lobes, bilateral temporal lobes,
bilateral caudate nuclei, bilateral hippocampus, and left cingulate
gyrus in the lung cancer group were significantly lower than those in
the control group. Compared with the control group, SUVs of the
bilateral frontal lobes, bilateral temporal lobes, bilateral
hippocampus and left cingulate gyrus in head and neck tumors
significantly decreased. Moreover, the SUV’s of the bilateral occipital
lobe in the lung cancer, intestinal cancer and breast cancer group
were significantly higher than those in the control group. The
metabolic volume of the bilateral frontal lobes, bilateral temporal
lobes, left caudate nuclei, bilateral hippocampus, and left cingulate
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TABLE 2 Tumor conditions and treatment.

Lung cancer Head and neck tumor  Gastric cancer Intestinal cancer = Breast cancer p
Pathological grade 0.8531
Gl 31 11 10 12 10
G2 25 11 5 7 7
G3 43 16 15 24 13
TNM staging of patients 0.0755
I 29 6 9 11 11
11 22 18 1 8 11
11 11 3 6 8 6
v 37 11 14 16 2
Treatment mode of patients(yes/no) 94/5 34/4 29/1 43/0 30/0 0.1339
Surgical treatment (yes/no) 54/45 19/19 28/2 35/8 28/2 <.0001
Radiotherapy (yes/no) 27172 6/32 0/30 0/43 10/20 <.0001
Chemotherapy(yes/no) 52/47 20/18 13/17 26/17 18/12 0.6198
Targeted therapy(yes/no) 39/60 10/28 7/23 18/25 0/30 0.0004

TABLE 3 Incidence rates of depression and anxiety in different tumors.

Ctrl group 39

Lung cancer 99 Head and neck tumor38 = Gastric cancer 30

Intestinal cancer43

Breast cancer30

HAMD | 5/34(12.8%) 36/63(36.4%) 13/25(34.2%) 5/25(16.7%) 7/36(16.3%) 7/23(23.3%)
MAS 5/34(12.8%) 31/68(31.3%) 10/28(26.3%) 5/25(16.7%) 7/36(16.3%) 7/23(23.3%)
A B
MAS
50 5
A
40 A
A *
A 3
g g =0 vs '
3 3 o .
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FIGURE 1

Incidence rate of depression and anxiety among tumors in different parts. (A) HAMD score among different tumors. (B) MAS score among different
tumors. All data represent mean + SD, *P<0.05.
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gyrus in the lung cancer group and head and neck tumors were
significantly lower than those in the control group (Tables 4, 5,
Figures 2A-C).

3.3 Incidence rates of depression and
anxiety and SUVs and metabolic volume of
different brain regions in lung cancer
patients with different TNM stages and
pathological grades

The incidence rates of depression and anxiety in lung cancer
patients were higher than that in other tumors, and the SUVs and
metabolic volume in several brain regions of lung cancer were
lower. Therefore, we further analyzed the incidence of depression
and anxiety in lung cancer patients with different TNM stages and
different pathological grades.

3.3.1 Incidence rates of depression and anxiety
and SUVs and metabolic volume of different
brain regions in lung cancer patients with
different TNM stages

The results showed that HAMD score of patients with TNM
stage IV lung cancer was significantly higher than that of patients
with stage I, II and III lung cancer (Figure 3A). Compared to
patients with TNM stage I, IT and III lung cancer, MAS score of
patients with stage IV tumor was significantly increased (Figure 3B).
In addition, we identified that the SUVs and metabolic volume of

10.3389/fonc.2023.1098943

bilateral frontal lobes, bilateral temporal lobes, bilateral
hippocampus, bilateral caudate nucleus and left cingulate gyrus in
TNM stage IV patients were significantly lower than those in stage I
patients (Figure 4, Tables 6, 7).

3.3.2 Incidence rates of depression and anxiety
and SUVs and metabolic volume of different
brain regions in lung cancer patients with
different pathological stages

HAMD score as well as MAS score of G3 lung cancer patients
was significantly higher than that of G1 and G2 (Figures 5A, B).
Furthermore, the study showed that the SUVs and metabolic
volume of bilateral frontal lobes, bilateral temporal lobes, bilateral
caudate nuclei, bilateral hippocampus and left cingulate gyrus in
patients with pathological grade G3 lung cancer were significantly
lower than those in patients with grade G1 (Tables 8, 9).

3.4 Correlation analysis between HAMD,
MAS score and SUVs in patients with
lung cancer

We further assessed the correlation between SUVs and HAMD,
MAS score. SUVs in bilateral frontal lobe, bilateral temporal lobe,
bilateral caudate nucleus, bilateral hippocampus, left cingulate
gyrus were negatively correlated with HAMD and MAS score.
SUVs were positively correlated with HAMD and MAS score in
bilateral Occipital lobe. In summary, the higher the TNM stage and

TABLE 4 SUV values of different brain regions in patients with different tumors.

Ctrl Lung Head and neck p Gastric Intestinal Breast
group  cancer tumor cancer cancer cancer

L-frontal 7196+ | 6284+ 0.0002 | 6335+ 1.021 00052 | 6661 + 0.1987 | 6996+ 1.114 | 08909  7.079 + 0.9919
1.007 1.220 0.895 1.431

R-frontal 7226+ | 6414+ 0.0006 | 6567 + 1.052 0.0378 | 6878 & 05486 | 6975+ 1.080 | 07429 7136+ 0.9966
0.873 1.231 0.764 1.263

L-temporal 7425+ 6411+ <0.0001 | 6.344 + 1359 0.0007 | 7.251 + 09652 | 7.467 +1252 | 09997 | 7.509 + 0.9984
0.951 1.257 1.006 1.414

R-temporal 7.605+ 6704 + 00003  6.657 + 1.175 0.0020 | 7.429 + 09550 | 7.507 + 1.155 | >0.9947 | 7.637 + 0.9999
0.888 1.258 1.054 1.247

L-caudate 7883+ | 7341+ 00215 | 7.391 + 1.041 0.1267 | 7.807 + 0.9980 | 7.859+0.995 | 09999  7.718 + 0.9399
0.736 1.150 0.898 0922

R-caudate 7963+ | 7489 + 0.0446 | 7.532 + 1.048 0.1926 | 7.834 % 09744 | 7.799 + 1.036 | 09503  7.775 + 0.8888
0.702 1.055 0.864 0.926

L- 7693+ | 6507 + <0.0001 = 6819 + 1.163 0.0001 | 7.530 & 09113 | 7.655+0.774 | 09997 8079 + 0.2688

hippocampus | 0.847 0.882 0.717 0.999

R- 7719+ 6601 + <0.0001 = 6.810 + 1.108 <0.0001 | 7.468 + 0.6504 | 7.650 +0.767 | 09962  8.104 + 0.2574

hippocampus | 0.821 0.901 0.692 0.952

L-cingulum | 8355+  7.920 + 00126  7.861 +0.911 00212 | 8248 + 09674 | 8333 +0.818 | 09998 8189 + 0.8343
0.627 0.713 0.591 0937

L-occipital 8097 + | 8.666 + 0.0002 8304 + 0.740 05737 | 8382 % 03288 | 8.672+0.589 | 0.0015 | 8.660 + 0.0059
0.579 0.823 0.459 0.799

R- occipital | 8115+ 8609 + 00026 8267 + 0.785 08378 | 8318+ 0.6858 | 8.726 +0.627 | 00013  8.636 + 0.0194
0.496 0.874 0.459 0.901
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TABLE 5 Metabolic volume of different brain regions in patients with different tumors.

Lung Head and Gastric Intestinal Breast
cancer neck tumor cancer cancer cancer

L-frontal 1.99 + 1121+ <0.0001 | 11.59  1.783 00162 1242 % 08196 | 12621951 | 09356  12.61 & 0.9648
15182 1.980 1.433 2425

R-frontal 12.69 + 1135 + 0.061 1120 + 1571 00159 = 12.58 % >09999 | 12681743 | >0999 1270 % >0.999
2334 2215 1.360 2192

L-temporal 1558 + 13.80 + <0.0001 = 14.07 + 1.173 0.0011 | 1529 + 09781 | 1538 +1.617 09938 | 1553+ >0.9999
1.262 1.897 1.333 1512

R-temporal 15.74 + 1423 + <0.0001 = 14.61 + 1.508 0.0295 = 15.69 + >0.9999 | 1558+ 1436 | 09973 1581 = >0.9999
1.131 1.966 1.451 1.440

L-caudate 9.734 + 9.081 & 00305 8797 + 1.116 0.0046 = 9.590 = 09953 | 9.885+1.338 | 09907  9.667 + 0.9999
0.7927 1.129 0.8984 1413

R-caudate 9.794 + 9314 ¢ 0.1669 | 9.129 + 0.9542 0.0718 = 9.599 + 09750 | 9.841+1.388 | >0.9999 | 9.698 * 0.9991
0.7956 0.9651 09133 1.392

L- 9.649 + 8.574 + <0.01 8.829 + 1.133 0.0059 | 9.51 + 09933 | 9.586 + 09998 | 10.15 + 03178

hippocampus | 1.050 0.9141 0.8660 0.8301 1414

R- 9.713 + 8.652 + <0.0001 = 8.814 + 1.092 0.0006 = 9.514 + 09557 | 9.9607 + 09959 | 10.17 + 0.3351

hippocampus | 1.048 0.9159 0.8891 0.8341 0.9507

L-cingulum | 1158 + 10.99 + 00298 | 10.77 + 1.219 0.0073 = 1157 % >09999 | 1136+ 1019 09196 1120 = 0.6490
0.8462 0.9740 1.133 1.041

pathological grade in lung cancer patients, the higher the incidence
rates of depression and anxiety, and the lower the SUVs in the
corresponding area (Figures 6A-L).

4 Discussion

In this study, we confirmed that the incidence of emotional
disorders in lung cancer patients was higher than other four types of
tumors. The incidence rate of depression and anxiety was 36.4%
and 31.3% respectively and the higher TNM stage and pathological
grade of lung cancer, the higher the total score of HAMD and MAS.
This result was compatible with previous studies, in which lung
cancer patients were commonly accompanied with depression,
within a range of 11% to 44% (22). In a recent study of 104 lung
cancer patients who underwent mini-interviews, 15 (14.4%) were
diagnosed with depression, including major depressive disorder
(MDD) (23).In our study, the incidence rates of depression and
anxiety in head and neck cancer were 34.2% and 26.3% respectively,
lower than those in patients with lung cancer. Depression was more
prevalent in lung cancer patients than in head and neck cancer
patients (24). Patients with poor pathological differentiation and
advanced TNM stage had more severe disease condition, cancer-
related pain and more aggressive treatment-related side effects,
which put lung cancer patients at higher risks of anxiety and
depression. Moreover, the duration of the tumor patient’s course
also affects the severity of depression and anxiety. Moderate to
severe depression and anxiety were reported in 17%and 9% of
cancer survivors, respectively. One test revealed that the despair and
anxiety ratings were much higher five to six years following the
tumor diagnosis than they were forty weeks earlier (25). Another
study revealed that there were no discernible differences between
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the groups with diagnoses at 5 and 10 years apart (26). Tumor itself
can cause abnormal brain metabolism, resulting in emotional
changes, and eventually lead to anxiety and depression. Long-
term emotional, social, economic, and physical impacts on
patients with chronic illnesses can also increase anxiety and
depressive symptoms. In order to avoid long-term psychological
and mental burden of patients, cancer patients diagnosed within
one week were selected in this experiment. We found that the higher
the tumor stage, the more severe the condition, and the longer the
course of the disease, leading to higher HAMD and MAS scores.
This study selected patients with first-episode depression and
anxiety without previous psychiatric history. In fact, depression and
anxiety will recur in life. Recent meta-analyses indicated that relapse
rates ranged from 18.5% to 46.5% for depression and from 13% to
42% for anxiety (27, 28). Most recurrent events occured at 6-
months follow-up, with the fewest cases observed at the ninth
months (29). With each new episode of recurrent depression and
anxiety, the next episode tends to be more severe with more intense
pessimistic and suicidal thoughts but fewer complaints of anxiety
and depression (30). In addition, there are differences in imaging
manifestations between first-episode depression and anxiety and
recurrent depression and anxiety. A research showed that compared
to first-episode depression, patients with recurrent depression had
significantly reduced gray matter in the right anterior insula, right
superior temporal gyrus, bilateral middle temporal gyrus, and left
superior parietal gyrus (31). The comparison of regional (head and
body/tail) hippocampal volumes between first episode and
recurrent depressive episodes showed that the first episode had
larger pretreatment hippocampal body/tail volumes (32). PET was
used to detect changes in brain glucose metabolism in MDD
patients, and clinical improvement in patients with first-episode
depression was linked to an increase in the brain stem and cingulate
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FIGURE 2

(A) PET-CT representative diagram of the brain in patients with different tumors. From left to right: lung cancer, head and neck tumor, gastric
cancer, intestinal cancer, breast cancer and ctrl group. Low metabolism is framed in different brain regions (SUV<6). (B) Representative diagram of
lung cancer patients. SUVs of lung cancer patients were analyzed by POMD. Compared with the standard value in POMD software, blue represents a
decrease in SUVs and red represents an increase in SUVs(Z=3). (C) 3D reconstruction of B

and a decline in the responses of the limbic and striatal regions. The
subcortical cingulate or prefrontal region of the research showed no
change in recurrent depression (33). Recurrent depression and
anxiety symptoms in tumor patients will lead to more complex
changes in brain metabolism. We will continue to follow up the
patients in this experiment to observe the changes of brain
metabolism in first-episode and recurrent depression and anxiety.

In our study, an innovative graph-theoretic analysis based on
FDG-PET imaging was utilized to investigate alterations of the brain
metabolic in cancer patients. FDG-PET imaging can directly reflect
the changes of brain glucose metabolism, and PMOD software was
used to analyze abnormal metabolic brain regions in depth. In
previous study, the correlation analysis between abnormal brain
metabolism and the depression and anxiety showed that the frontal
lobe and temporal lobe were the most important brain regions,
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especially frontal lobe (34, 35). Studies showed that decreased
glucose uptake in the prefrontal gyrus was associated with
aggression and impulsivity (36), which were prevalent in cancer
patients (37). It was noted that the metabolism of the frontal lobe
and temporal lobe of lung cancer patients was abnormal (38, 39).
Occurrence of emotional disorders in lung cancer patients was related
to the impairment of frontal temporal metabolic function (40).In this
study, we discovered that SUVs and metabolic volume of patients with
lung cancer and head and neck cancer were lower in bilateral frontal
lobe and bilateral temporal lobe than patients with other tumors.
Compared with head and neck tumors patients, brain
hypometabolism was more widely involved in lung cancer patients.
The metabolic decline in these brain regions was negatively correlated
with the total score of HAMD and MAS. The average SUVs and
metabolic volume of bilateral frontal lobe and bilateral temporal lobe
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FIGURE 3
Incidence rate of depression and anxiety among lung cancer in different TNM periods. (A) HAMD score among different TNM periods of lung cancer.
(B) MAS score among different TNM periods of lung cancer. All data represent mean + SD, ***P<0.001 and ****P<0.0001

FIGURE 4
(A) PET-CT representative diagram of stage | patients. (B) PET-CT representative diagram of stage IV patients. Low metabolism is framed in different
brain regions (SUV<6)
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TABLE 6 SUV values in different TNM stages.

10.3389/fonc.2023.1098943

| Il P 1] P \Y P
L-frontal 6.857 + 0.733 6.735 + 0.781 0.9563 6.875 + 1.130 >0.9999 5.390 + 1.268 <0.0001
R-frontal 7.035 + 0.796 6.852 + 0.811 0.8743 6.927 + 1.201 0.9840 5.513 + 1.226 <0.0001
L-temporal 6.962 + 0.861 6.801 + 1.127 0.9269 6.804 + 1.054 0.9623 5.631 + 1.291 <0.0001
R-temporal 7.281 + 0.760 7.021 + 1.078 0.7673 7.095 + 0.955 0.9427 5.948 + 1.402 <0.0001
L-caudate 7.740 = 0.990 7.667 + 1.074 0.9913 7.490 + 1.003 0.8624 6.790 + 1.173 0.0018
R-caudate 7.842 + 0.845 7.851 + 0.997 >0.9999 7.545 + 0.773 0.7473 6.981 + 1.133 0.0020
L-hippocampus 6.853 + 0.664 6.655 + 0.763 0.7308 6.968 + 0.721 0.9607 6.010 + 0.928 0.0002
R- hippocampus 6.989 + 0.677 6.752 + 0.819 0.6308 6.995 + 0.675 0.9990 6.103 + 0.952 0.0001
L-cingulum 8.103 + 0.646 8.188 + 0.518 0.9499 8.011 + 0.536 0.9658 7.590 + 0.780 0.0080
TABLE 7 Metabolic volume in different TNM stages.
| Il P 1] P \% P
L-frontal 12.03 + 1.371 11.93 + 1.696 0.9974 10.84 + 2.344 0.2614 10.26 + 2.038 0.001
R-frontal 12.32 + 1.392 12.37 £ 1.481 0.9998 11.36 + 1.891 0.5067 9.962 + 2.474 <0.0001
L-temporal 14.75 £ 1.414 14.24 £ 1.721 0.7380 13.52 £ 1.950 0.2807 12.91 + 1.980 0.0004
R-temporal 15.17 + 1.361 14.83 + 1.936 0.9065 13.88 + 1.829 0.1841 13.23 + 1.992 0.0002
L-caudate 9.829 + 0.8366 9.383 + 1.059 0.3664 8.794 + 1.202 0.0166 8.401 + 0.9289 <0.0001
R-caudate 10.05 £ 0.5951 9.542 + 0.9181 0.1080 9.040 + 0.9589 0.0026 8.686 + 0.7902 <0.0001
L-hippocampus 9.215 £ 0.7173 8.677 + 0.8766 0.0824 8.461 + 0.7277 0.0409 8.045 + 0.8089 <0.0001
R- hippocampus 9.271 + 0.7136 8.764 + 0.8529 0.1253 8.352 + 0.8054 0.0095 8.189 + 0.8480 <0.0001
L-cingulum 11.73 £ 0.9791 11.13 + 0.6963 0.0527 10.78 + 0.6862 0.0082 10.40 + 0.7740 <0.0001
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FIGURE 5

Incidence rate of depression and anxiety among lung cancer in different pathological grades. (A) HAMD score among different pathological grades of
lung cancer. (B) MAS score among different pathological grades of lung cancer. All data represent mean + SD, **P<0.01 and ****P<0.0001.
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TABLE 8 SUV value between different pathological grades.

G1 G2 P (CE] P
L-frontal 6.854 + 0.738 6.677 + 1.009 0.7708 5.645 + 1.324 <0.0001
R-frontal 6.978 + 0.820 6.848 + 0.981 0.8691 5.754 + 1.309 <0.0001
L-temporal 6.879 + 0.960 6.758 + 1.149 0.8985 5.872 + 1.321 0.0009
R-temporal 7.229 + 0.864 6.981 + 1.099 0.6465 6.165 + 1.386 0.0004
L-caudate 7.621 + 1.036 7.696 + 1.057 0.9545 6.933 + 1.174 0.0180
R-caudate 7.790 + 0.814 7.825 + 0.986 0.9877 7.077 £ 1.124 0.0062
L-hippocampus 6.890 + 0.671 6.589 + 0.807 0.3069 6.183 + 0.949 0.0010
R-hippocampus 7.000 + 0.691 6.682 + 0.809 0.2818 6.267 + 0.972 0.0008
L-cingulum 8.087 + 0.623 8.178 + 0.533 0.8330 7.650 + 0.783 0.0142

were closely related to depression and anxiety. This may be part of the ~ processes, emotional reactivity, and executive functions in
mechanism of the higher incidence of depression and anxiety in lung ~ neuropsychological studies (48). Many studies on the changes in
cancer patients compared with other tumors. Functional magnetic ~ cerebral glucose metabolic rate in patients with depression
resonance imaging studies of depression also showed that (41, 42) the ~ supported the hypothesis that the blockage of limbic cortex pathway
dysfunction of the prefrontal lobe directly affected the functional — was related to the occurrence of depression. Qualitative changes of
connection of the patients’ neural network. It was considered that ~ LCSPT were found in patients with depression, suggesting metabolic
the decrease of prefrontal lobe function may be an important  abnormality in limbic-cortex-striatum-pallidus-thalamus (LCSPT)
neuropathological basis for the onset of depression. This study  served an important role in emotion regulation and conduction (49,
revealed that patients with lung cancer had more extensive frontal  50). The prefrontal cortex, the anterior cingulum gyrus, basal ganglia,
and temporal lobe damage, lower SUVs and metabolic volume, and a  hippocampus were vital components of LCSPT (51). In this study, the
higher incidence of depression and anxiety. Different from previous ~ SUVs decreased in hippocampus, caudate nucleus and cingulate gyrus
studies, we also found other abnormal brain regions in addition to the  of patients with lung cancer with anxiety and depression. Abnormal
frontal and temporal lobes, which may have great significance for = neuronal activities were noted in these cerebral regions, which were
further research on depression in lung cancer patients. consistent with the currently recognized hypothesis of LCSPT neural

In addition to bilateral frontal gyrus and the bilateral temporal,  circuitry. At the same time, we further manifested that the higher the
decreased SUVs were observed in other cerebral regions of patients ~ TNM stage and pathological grade of lung cancer, the lower the SUV's
with MDD, such as the bilateral lenticular nuclei, caudate nuclei, and  in the corresponding areas, the more serious the neuron damage in
the bilateral anterior cingulum gyri (43). Numerous studies showed  those regions, and the higher the incidence rates and degree of anxiety
that glucose metabolism and SUVs were decreased in the caudate  and depression. It is particularly important to pay attention to the
nucleus, putamen and anterior cingulate gyrus in patients with  emotional changes of patients with advanced lung cancer. However,
depression (44, 45). Similar to patients with depression, SUVs  some contradictory results discovered that SUVs of patients with
decreased in the hippocampus centrality cortex showed an  anxiety and depression increased in the hippocampus and anterior
alteration in the regional properties in cancer patients (46, 47). The  cingulate cortex (43, 47). These results may be due to a number of
caudate nucleus has been reported to play a pivotal role in motor  factors, such as differences in the type and stage of anxiety and

TABLE 9 Metabolic volume between different pathological grades.

G1 G2 P G3 P
L-frontal 12.05 + 1.489 11.85 + 1.656 0.9051 10.23 + 2.059 0.0001
R-frontal 12.33 + 1.422 11.65 + 2.848 0.4431 10.44 + 1.975 0.0005
L-temporal 14.54 + 1.849 13.96 + 1.933 0.4810 13.19 + 1.769 0.0062
R-temporal 15.04 + 1.841 14.42 + 2.021 0.4321 13.51 + 1.789 0.0020
L-caudate 9.549 + 1.098 9.318 + 1.087 0.6980 8.600 + 1.000 0.0006
R-caudate 9.852 + 0.8291 9.585 + 0.7594 0.4715 8.768 + 0.8904 <0.0001
L-hippocampus 9.072 + 0.8646 8.712 £ 0.7767 0.2429 8.127 + 0.8168 <0.0001
R-hippocampus 9.180 + 0.8559 8.790 + 0.7412 0.1823 8.182 + 0.8164 <0.0001
L-cingulum 11.50 + 0.9969 11.21 + 0.8225 0.4301 10.49 + 0.7905 <0.0001
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FIGURE 6

SUVs were negatively correlated with HAMD and MAS scores in the brain region. (A—F). SUVs in bilateral frontal, bilateral temporal, bilateral caudate
were negatively correlated with HAMD scores. (G-L). SUVs in the bilateral frontal, bilateral temporal, bilateral caudate were negatively correlated

with MAS scores.

depression, treatment regimens and imaging equipment. They also
reflected the complexity of the etiological and neuropathological
mechanisms of anxiety and depression. Due to the complexity of
tumor patients and the individualization of treatment, the diagnosis
and treatment of tumor depression patients were more difficult. Based
on this study, early detection of abnormal brain metabolism in tumor
patients may help us better identify the potential risk of depression in
tumor patients. At the same time, it also provided a theoretical basis
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for better research on the mechanism of emotional abnormalities in
cancer patients. Due to the complexity of tumor patients and the
individualization of treatment, the diagnosis and treatment of tumor
depression patients were more difficult. Based on this study, early
detection of abnormal brain metabolism in tumor patients may help
us better identify the potential risk of depression in tumor patients. At
the same time, it also provided a theoretical basis for better research on
the mechanism of emotional abnormalities in cancer patients.
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5 Conclusions

This study revealed the correlation between brain glucose
metabolism and emotional disorders in cancer patients, indicating
that bilateral frontal temporal lobe metabolic damage may be the
internal pathological basis of the occurrence of emotional disorders in
cancer patients. The changes in brain glucose metabolism are expected
to play a major role in the assessment of emotional disorders in cancer
patients as psychobiological markers. These findings indicated that
functional imaging can be applied for psychological assessment of
cancer patients as an innovative method.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethical Committee of Affiliated Hospital of Jiangnan
University(1LS2021090). The patients/participants provided their
written informed consent to participate in this study.

Author contributions

Conception and design of study: XY, GY. Acquisition of data:
XY, YW,CY. Drafting the manuscript: XY, JW. Revising the
manuscript critically for important intellectual content: RW, SZ,

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Bortolato B, Hyphantis TN, Valpione S, Perini G, Maes M, Morris G, et al.
Depression in cancer: the many biobehavioral pathways driving tumor progression.
Cancer Treat Rev (2017) 52:58-70. doi: 10.1016/j.ctrv.2016.11.004

3. Zimmaro LA, Sephton SE, Siwik CJ, Phillips KM, Rebholz WN, Kraemer HC, et al.
Depressive symptoms predict head and neck cancer survival: examining plausible
behavioral and biological pathways. Cancer (2018) 124:1053-60. doi: 10.1002/cncr.31109

4. Laurence B, Mould-Millman NK, Nero KEJr., Salter RO, Sagoo PK.
Depression and hospital admission in older patients with head and neck cancer:
analysis of a national healthcare database. Gerodontology (2017) 34:284-7. doi:
10.1111/ger.12247

5. Osazuwa-Peters N, Arnold LD, Loux TM, Varvares MA, Schootman M. Factors
associated with increased risk of suicide among survivors of head and neck cancer: a
population-based analysis. Oral Oncol (2018) 81:29-34. doi: 10.1016/
j.oraloncology.2018.03.017

6. Schneider S, Moyer A. Depression as a predictor of disease progression and
mortality in cancer patients: a meta-analysis. Cancer (2010) 116:3304. doi: 10.1002/
cncr.25318

7. Sullivan DR, Forsberg CW, Ganzini L, Au DH, Gould MK, Provenzale D, et al.
Longitudinal changes in depression symptoms and survival among patients with lung

Frontiers in Oncology

13

10.3389/fonc.2023.1098943

ZR. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by National Natural Science
Foundation of China (grant n0.82060895),Basic Research Plan of
Yunnan Provincial Science and Technology Department
(202101BA070001-123).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1098943/
full#supplementary-material

cancer: a national cohort assessment. J Clin Oncol (2016) 34:3984-91. doi: 10.1200/
JCO.2016.66.8459

8. Rohren EM, Turkington TG, Coleman RE. Clinical applications of PET in
oncology. Radiology (2004) 231:305-32. doi: 10.1148/radiol.2312021185

9. Judenhofer MS, Wehrl HF, Newport DF, Catana C, Siegel SB, Becker M, et al.
Simultaneous PET-MRI: a new approach for functional and morphological imaging.
Nat Med (2008) 14:459-65. doi: 10.1038/nm1700

10. Grady CL, Furey ML, Pietrini P, Horwitz B, Rapoport SI. Altered brain
functional connectivity and impaired short-term memory in alzheimer’s disease.
Brain (2001) 124:739-56. doi: 10.1093/brain/124.4.739

11. LiCT, Chen LF, Tu PC, Wang SJ, Chen MH, Su TP, et al. Impaired prefronto-thalamic
functional connectivity as a key feature of treatment-resistant depression: a combined MEG,
PET and rTMS study. PloS One (2013) 8:¢70089. doi: 10.1371/journal.pone.0070089

12. Qiu X, Zhang Y, Feng H, Jiang D. Positron emission tomography reveals
abnormal topological organization in functional brain network in diabetic patients.
Front Neurosci (2016) 10:235. doi: 10.3389/fnins.2016.00235

13. Liu Z, Ke L, Liu H, Huang W, Hu Z. Changes in topological organization of
functional PET brain network with normal aging. PloS One (2014) 9:¢88690. doi:
10.1371/journal.pone.0088690

14. Riedl V, Bienkowska K, Strobel C, Tahmasian M, Grimmer T, Forster S, et al.
Local activity determines functional connectivity in the resting human brain: a
simultaneous FDG-PET/fMRI study. J Neurosci (2014) 34:6260-6. doi: 10.1523/
JNEUROSCI.0492-14.2014

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1098943/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1098943/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.ctrv.2016.11.004
https://doi.org/10.1002/cncr.31109
https://doi.org/10.1111/ger.12247
https://doi.org/10.1016/j.oraloncology.2018.03.017
https://doi.org/10.1016/j.oraloncology.2018.03.017
https://doi.org/10.1002/cncr.25318
https://doi.org/10.1002/cncr.25318
https://doi.org/10.1200/JCO.2016.66.8459
https://doi.org/10.1200/JCO.2016.66.8459
https://doi.org/10.1148/radiol.2312021185
https://doi.org/10.1038/nm1700
https://doi.org/10.1093/brain/124.4.739
https://doi.org/10.1371/journal.pone.0070089
https://doi.org/10.3389/fnins.2016.00235
https://doi.org/10.1371/journal.pone.0088690
https://doi.org/10.1523/JNEUROSCI.0492-14.2014
https://doi.org/10.1523/JNEUROSCI.0492-14.2014
https://doi.org/10.3389/fonc.2023.1098943
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Yang et al.

15. Kreuzer PM, Lehner A, Schlee W, Vielsmeier V, Schecklmann M, Poeppl TB,
et al. Combined rTMS treatment targeting the anterior cingulate and the temporal
cortex for the treatment of chronic tinnitus. Sci Rep (2015) 5:18028. doi: 10.1038/
srep18028

16. Krell-Roesch J, Syrjanen JA, Vassilaki M, Lowe V], Vemuri P, Mielke MM, et al.
Brain regional glucose metabolism, neuropsychiatric symptoms, and the risk of
incident mild cognitive impairment: the Mayo clinic study of aging. Am | Geriatr
Psychiatry (2021) 29:179-91. doi: 10.1016/j.jagp.2020.06.006

17. Wen JF, Guo XW, Cao XY, Liao JW, Ma P, Hu XS, et al. A PET imaging study of
the brain changes of glucose metabolism in patients with temporal lobe epilepsy and
depressive disorder. BMC Med Imaging (2021) 21:33. doi: 10.1186/s12880-021-00547-x

18. Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity
classification on the Hamilton depression rating scale. J Affect Disord (2013) 150:384-8.
doi: 10.1016/j.jad.2013.04.028

19. Pineros M, Parkin DM, Ward K, Chokunonga E, Ervik M, Farrugia H, et al.
Essential TNM: a registry tool to reduce gaps in cancer staging information. Lancet
Oncol (2019) 20:¢103-11. doi: 10.1016/S1470-2045(18)30897-0

20. Bertero L, Massa F, Metovic J, Zanetti R, Castellano I, Ricardi U, et al. Eighth
edition of the UICC classification of malignant tumours: an overview of the changes in
the pathological TNM classification criteria-what has changed and why? Virchows Arch
(2018) 472:519-31. doi: 10.1007/s00428-017-2276-y

21. Biehl KJ, Kong FM, Dehdashti F, Jin JY, Mutic S, El Naga I, et al. 18F-FDG PET
definition of gross tumor volume for radiotherapy of non-small cell lung cancer: is a
single standardized uptake value threshold approach appropriate? J Nucl Med (2006)
47:1808-12.

22. Massie MJ. Prevalence of depression in patients with cancer. J Natl Cancer Inst
Monogr (2004) 32:5771. doi: 10.1093/jncimonographs/Igh014

23. Maneeton B, Maneeton N, Reungyos J, Intaprasert S, Leelarphat S, Thongprasert
S. Prevalence and relationship between major depressive disorder and lung cancer: a
cross-sectional study. Onco Targets Ther (2014) 7:815-21. doi: 10.2147/OTT.S60000

24. Lee Y, Hung CF, Chien CY, Lin PY, Lin MC, Wang CC, et al. Comparison of
prevalence and associated factors of depressive disorder between patients with head and
neck cancer and those with lung cancer at a tertiary hospital in Taiwan: a cross-
sectional study. BMJ Open (2020) 10:e037918. doi: 10.1136/bmjopen-2020-037918

25. Breidenbach C, Heidkamp P, Hiltrop K, Pfaff H, Enders A, Ernstmann N, et al.
Prevalence and determinants of anxiety and depression in long-term breast cancer
survivors. BMC Psychiatry (2022) 22:101. doi: 10.1186/s12888-022-03735-3

26. Gotze H, Friedrich M, Taubenheim S, Dietz A, Lordick F, Mehnert A.
Depression and anxiety in long-term survivors 5 and 10 years after cancer diagnosis.
Support Care Cancer (2020) 28:211-20. doi: 10.1007/s00520-019-04805-1

27. Wojnarowski C, Firth N, Finegan M, Delgadillo J. Predictors of depression
relapse and recurrence after cognitive behavioural therapy: a systematic review and
meta-analysis. Behav Cognit Psychother (2019) 47:514-29. doi: 10.1017/
$1352465819000080

28. Lorimer B, Kellett S, Nye A, Delgadillo J. Predictors of relapse and recurrence
following cognitive behavioural therapy for anxiety-related disorders: a systematic
review. Cognit Behav Ther (2021) 50:1-18. doi: 10.1080/16506073.2020.1812709

29. Palacios JE, Enrique A, Mooney O, Farrell S, Earley C, Dufty D, et al. Durability
of treatment effects following internet-delivered cognitive behavioural therapy for
depression and anxiety delivered within a routine care setting. Clin Psychol Psychother
(2022) 29:1768-77. doi: 10.1002/cpp.2743

30. Ivanets NN, Kinkulkina MA, Tikhonova YG, Izumina TA, Lazareva AV.
[Clinical and sociodemographic characteristics of patients with the first depressive
episode and recurrent depression]. Zh Nevrol Psikhiatr Im S S Korsakova (2020)
120:33-9. doi: 10.17116/jnevro202012011133

31. Stratmann M, Konrad C, Kugel H, Krug A, Schoning S, Ohrmann P, et al.
Insular and hippocampal gray matter volume reductions in patients with major
depressive disorder. PloS One (2014) 9:e102692. doi: 10.1371/journal.pone.0102692

32. MacQueen GM, Yucel K, Taylor VH, Macdonald K, Joffe R. Posterior hippocampal
volumes are associated with remission rates in patients with major depressive disorder. Biol
Psychiatry (2008) 64:880-3. doi: 10.1016/j.biopsych.2008.06.027

33. Mayberg HS, Brannan SK, Tekell JL, Silva JA, Mahurin RK, McGinnis S, et al.
Regional metabolic effects of fluoxetine in major depression: serial changes and

Frontiers in Oncology

14

10.3389/fonc.2023.1098943

relationship to clinical response. Biol Psychiatry (2000) 48:830-43. doi: 10.1016/
$0006-3223(00)01036-2

34. Scagnetto F, Poles G, Guadagno C, Notari V, Giacopini N. Animal-assisted
intervention to improve end-of-Life care: the moderating effect of gender and pet
ownership on anxiety and depression. J Altern Complement Med (2020) 26:841-2. doi:
10.1089/acm.2019.0342

35. Chae S, Park ], Byun MS, Yi D, Lee JH, Byeon GH, et al. Decreased alpha
reactivity from eyes-closed to eyes-open in non-demented older adults with alzheimer’s
disease: a combined EEG and [18F]florbetaben PET study. J Alzheimers Dis (2020)
77:1681-92. doi: 10.3233/JAD-200442

36. Soloff PH, Meltzer CC, Becker C, Greer PJ, Kelly TM, Constantine D.
Impulsivity and prefrontal hypometabolism in borderline personality disorder.
Psychiatry Res (2003) 123:153-63. doi: 10.1016/S0925-4927(03)00064-7

37. Russo S, Boon JC, Kema IP, Willemse PH, den Boer JA, Korf J, et al. Patients
with carcinoid syndrome exhibit symptoms of aggressive impulse dysregulation.
Psychosom Med (2004) 66:422-5. doi: 10.1097/01.ps y.000012 6204.97565.91

38. Xu FF, Zhang ZB, Wang YY, Wang TH. Brain-derived glia maturation factor
beta participates in lung injury induced by acute cerebral ischemia by increasing ROS in
endothelial cells. Neurosci Bull (2018) 34:1077-90. doi: 10.1007/s12264-018-0283-x

39. Wei K, Xue HL, Guan YH, Zuo CT, Ge JJ, Zhang HY, et al. Analysis of glucose
metabolism of (18)F-FDG in major depression patients using PET imaging: correlation
of salivary cortisol and alpha-amylase. Neurosci Lett (2016) 629:52-7. doi: 10.1016/
j.neulet.2016.06.039

40. Kameyama M, Fukuda M, Yamagishi Y, Sato T, Uehara T, Ito M, et al. Frontal
lobe function in bipolar disorder: a multichannel near-infrared spectroscopy study.
Neuroimage (2006) 29:172-84. doi: 10.1016/j.neuroimage.2005.07.025

41. Papadaki E, Kavroulakis E, Bertsias G, Fanouriakis A, Karageorgou D,
Sidiropoulos P, et al. Regional cerebral perfusion correlates with anxiety in
neuropsychiatric SLE: evidence for a mechanism distinct from depression. Lupus
(2019) 28:1678-89. doi: 10.1177/0961203319887793

42. Portugal-Nunes C, Castanho TC, Moreira PS, Magalhaes R, Marques P, Costa P,
et al. The moderator effect of age in the association between mood and adiposity in the
elderly is specific for the subcutaneous adipose compartment: an MRI study. Int |
Geriatr Psychiatry (2020) 35:113-21. doi: 10.1002/gps.5226

43. Fu C, Shi D, Gao Y, Xu J. Functional assessment of prefrontal lobes in
patients with major depression disorder using a dual-mode technique of 3D-arterial
spin labeling and (18)F-fluorodeoxyglucose positron emission tomography/
computed tomography. Exp Ther Med (2017) 14:1058-64. doi: 10.3892/
etm.2017.4594

44. Kennedy SH, Evans KR, Kruger S, Mayberg HS, Meyer JH, McCann §, et al.
Changes in regional brain glucose metabolism measured with positron emission
tomography after paroxetine treatment of major depression. Am ] Psychiatry (2001)
158:899-905. doi: 10.1176/appi.ajp.158.6.899

45. Kimbrell TA, Ketter TA, George MS, Little JT, Benson BE, Willis MW, et al.
Regional cerebral glucose utilization in patients with a range of severities of unipolar
depression. Biol Psychiatry (2002) 51:237-52. doi: 10.1016/S0006-3223(01)01216-1

46. Liu ML, Liang FR, Zeng F, Tang Y, Lan L, Song WZ. Cortical-limbic regions
modulate depression and anxiety factors in functional dyspepsia: a PET-CT study. Ann
Nucl Med (2012) 26:35-40. doi: 10.1007/s12149-011-0537-4

47. Fang L, Yao Z, An J, Chen X, Xie Y, Zhao H, et al. Topological organization of
metabolic brain networks in pre-chemotherapy cancer with depression: a resting-state
PET study. PloS One (2016) 11:¢0166049. doi: 10.1371/journal.pone.0166049

48. Grahn JA, Parkinson JA, Owen AM. The role of the basal ganglia in learning and
memory: neuropsychological studies. Behav Brain Res (2009) 199:53-60. doi: 10.1016/
j.bbr.2008.11.020

49. Clark L, Chamberlain SR, Sahakian BJ]. Neurocognitive mechanisms in
depression: implications for treatment. Annu Rev Neurosci (2009) 32:57-74. doi:
10.1146/annurev.neuro.31.060407.125618

50. Seminowicz DA, Mayberg HS, McIntosh AR, Goldapple K, Kennedy S, Segal Z,
et al. Limbic-frontal circuitry in major depression: a path modeling metanalysis.
Neuroimage (2004) 22:409-18. doi: 10.1016/j.neuroimage.2004.01.015

51. Nauta WJ. Neural associations of the frontal cortex. Acta Neurobiol Exp (Wars)
(1972) 32:125-40.

frontiersin.org


https://doi.org/10.1038/srep18028
https://doi.org/10.1038/srep18028
https://doi.org/10.1016/j.jagp.2020.06.006
https://doi.org/10.1186/s12880-021-00547-x
https://doi.org/10.1016/j.jad.2013.04.028
https://doi.org/10.1016/S1470-2045(18)30897-0
https://doi.org/10.1007/s00428-017-2276-y
https://doi.org/10.1093/jncimonographs/lgh014
https://doi.org/10.2147/OTT.S60000
https://doi.org/10.1136/bmjopen-2020-037918
https://doi.org/10.1186/s12888-022-03735-3
https://doi.org/10.1007/s00520-019-04805-1
https://doi.org/10.1017/S1352465819000080
https://doi.org/10.1017/S1352465819000080
https://doi.org/10.1080/16506073.2020.1812709
https://doi.org/10.1002/cpp.2743
https://doi.org/10.17116/jnevro202012011133
https://doi.org/10.1371/journal.pone.0102692
https://doi.org/10.1016/j.biopsych.2008.06.027
https://doi.org/10.1016/S0006-3223(00)01036-2
https://doi.org/10.1016/S0006-3223(00)01036-2
https://doi.org/10.1089/acm.2019.0342
https://doi.org/10.3233/JAD-200442
https://doi.org/10.1016/S0925-4927(03)00064-7
https://doi.org/10.1097/01.ps y.000012 6204.97565.91
https://doi.org/10.1007/s12264-018-0283-x
https://doi.org/10.1016/j.neulet.2016.06.039
https://doi.org/10.1016/j.neulet.2016.06.039
https://doi.org/10.1016/j.neuroimage.2005.07.025
https://doi.org/10.1177/0961203319887793
https://doi.org/10.1002/gps.5226
https://doi.org/10.3892/etm.2017.4594
https://doi.org/10.3892/etm.2017.4594
https://doi.org/10.1176/appi.ajp.158.6.899
https://doi.org/10.1016/S0006-3223(01)01216-1
https://doi.org/10.1007/s12149-011-0537-4
https://doi.org/10.1371/journal.pone.0166049
https://doi.org/10.1016/j.bbr.2008.11.020
https://doi.org/10.1016/j.bbr.2008.11.020
https://doi.org/10.1146/annurev.neuro.31.060407.125618
https://doi.org/10.1016/j.neuroimage.2004.01.015
https://doi.org/10.3389/fonc.2023.1098943
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Brain glucose metabolism on [18F]-FDG PET/CT: a dynamic biomarker predicting depression and anxiety in cancer patients
	1 Introduction
	2 Methods
	2.1 Tumor group
	2.2 The control group
	2.3 Evaluation of emotional disorders
	2.4 PET image acquisition
	2.5 Data processing
	2.6 Statistical analysis

	3 Results
	3.1 Demographic and baseline clinical characteristics
	3.2 Incidence of depression and anxiety and SUVs of different brain regions in patients with different tumors
	3.3 Incidence rates of depression and anxiety and SUVs and metabolic volume of different brain regions in lung cancer patients with different TNM stages and pathological grades
	3.3.1 Incidence rates of depression and anxiety and SUVs and metabolic volume of different brain regions in lung cancer patients with different TNM stages
	3.3.2 Incidence rates of depression and anxiety and SUVs and metabolic volume of different brain regions in lung cancer patients with different pathological stages

	3.4 Correlation analysis between HAMD, MAS score and SUVs in patients with lung cancer

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


