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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 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 (≥40) (18).




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, III, 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).

Z 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)/σ

Where x is the sample value, m the sample mean, and σ the standard deviation of the distribution. Therefore, z describes in the deviation from the mean in number of standard deviations and is 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 x2 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 r<- 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).


Table 1 | Baseline and demographic clinical characteristics.



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).


Table 2 | Tumor conditions and treatment.






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 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).


Table 3 | Incidence rates of depression and anxiety in different tumors.






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.



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 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 SUVs 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 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).


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




Table 5 | Metabolic volume of different brain regions in patients with different tumors.






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.






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, II 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 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).




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 I patients. (B) PET-CT representative diagram of stage IV patients. Low metabolism is framed in different brain regions (SUV<6).




Table 6 | SUV values in different TNM stages.




Table 7 | Metabolic volume in 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

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).




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.




Table 8 | SUV value between different pathological grades.




Table 9 | Metabolic volume between different pathological grades.







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 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).




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.







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 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 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, 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 were closely related to depression and anxiety. This may be part of the mechanism of the higher incidence of depression and anxiety in lung cancer patients compared with other tumors. Functional magnetic resonance imaging studies of depression also showed that (41, 42) the dysfunction of the prefrontal lobe directly affected the functional connection of the patients’ neural network. It was considered that the decrease of prefrontal lobe function may be an important neuropathological basis for the onset of depression. This study revealed that patients with lung cancer had more extensive frontal and temporal lobe damage, lower SUVs and metabolic volume, and a higher incidence of depression and anxiety. Different from previous studies, we also found other abnormal brain regions in addition to the frontal and temporal lobes, which may have great significance for further research on depression in lung cancer patients.

In addition to bilateral frontal gyrus and the bilateral temporal, decreased SUVs were observed in other cerebral regions of patients with MDD, such as the bilateral lenticular nuclei, caudate nuclei, and the bilateral anterior cingulum gyri (43). Numerous studies showed that glucose metabolism and SUVs were decreased in the caudate nucleus, putamen and anterior cingulate gyrus in patients with depression (44, 45). Similar to patients with depression, SUVs decreased in the hippocampus centrality cortex showed an alteration in the regional properties in cancer patients (46, 47). The caudate nucleus has been reported to play a pivotal role in motor processes, emotional reactivity, and executive functions in neuropsychological studies (48). Many studies on the changes in cerebral glucose metabolic rate in patients with depression supported the hypothesis that the blockage of limbic cortex pathway was related to the occurrence of depression. Qualitative changes of LCSPT were found in patients with depression, suggesting metabolic abnormality in limbic-cortex-striatum-pallidus-thalamus (LCSPT) served an important role in emotion regulation and conduction (49, 50). The prefrontal cortex, the anterior cingulum gyrus, basal ganglia, hippocampus were vital components of LCSPT (51). In this study, the SUVs decreased in hippocampus, caudate nucleus and cingulate gyrus of patients with lung cancer with anxiety and depression. Abnormal neuronal activities were noted in these cerebral regions, which were consistent with the currently recognized hypothesis of LCSPT neural circuitry. At the same time, we further manifested that the higher the TNM stage and pathological grade of lung cancer, the lower the SUVs in the corresponding areas, the more serious the neuron damage in those regions, and the higher the incidence rates and degree of anxiety and depression. It is particularly important to pay attention to the emotional changes of patients with advanced lung cancer. However, some contradictory results discovered that SUVs of patients with anxiety and depression increased in the hippocampus and anterior cingulate cortex (43, 47). These results may be due to a number of factors, such as differences in the type and stage of anxiety and 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 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.




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.
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L-temporal | 1558+ | 1380+ <0.0001 | 1407 £ 1.173 00011 | 1529+ 09781 1538+ 1617 09938 1553+ >0.9999
1262 1897 1.333 1512

Retemporal | 1574+ | 1423+ <0.0001 | 1461 + 1508 00295 | 15.69 = 509999 1558+ 1436 09973 1581 % >0.9999
1.131 1966 1.451 1440

L-caudate 9734+ | 9081 % 00305 | 8797 + 1116 0.0046 | 9.590 + 09953 9.885+ 1338 | 09907  9.667 + 0.9999
0.7927 1129 0.8984 1413

R-caudate 9.794 + 9314 £ 0.1669 9.129 + 0.9542 0.0718 2.509 ¢ 0.9750 9.841 + 1.388 >0.9999 9.698 + 0.9991
0.7956 0.9651 0.9133 1392

A 9649+ | 8574+ <001 8829+ 1133 00059 | 951+ 09933 958+ 09998 | 10.15 + 03178

hippocampus | 1.050 09141 0.8660 0.8301 1414

R- 9713+ | 8652+ <0.0001 | 8.814 + 1,092 0.0006 | 9.514 % 09557 9.9607 + 09959 | 1017 + 03351

hippocampus | 1.048 09159 0.8891 0.8341 09507

L-cingulum | 1158+ 1099 + 00298 | 1077 + 1219 00073 | 11.57 % 509999 1136+ 1019 09196 | 1120 + 0.6490

0.8462 0.9740 1.133 1.041





