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Relationship of Frontal Cortex Glucose Metabolism
with Depression-Anxiety Status in Patients with Early
Stage Non-Small-Cell Lung Cancer: A Cross-Sectional
Study
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Abstract

Aim: We investigated the relationship between frontal cortex 18-fluorodeoxyglucose ('®FDG) uptake levels and depression-anxiety
status in patients with early-stage non-small-cell lung cancer (E-NSCLC) who underwent "®FDG-positron emission tomography/computed
tomography ("®FDG-PET/CT) imaging.

Methods: This prospective study was conducted between the May-November 2020, after the permission of ethics committee. A
total of 34 patients with E-NSCLC who underwent "®FDG-PET/CT imaging for diagnosis-staging and the control group consisting of 25
subjects were included in the study. Regional cerebral '®FDG uptake level was calculated by SUVmean. Depression-anxiety levels were
determined using Hospital Anxiety and Depression Scale (HADS). The frontal cortex SUVmean ratio and depression-anxiety levels was
compared between the groups, and the relationship between SUVmean ratio and depression-anxiety levels were performed.

Results: The frontal cortex SUVmean ratio values were somewhat lower in the patient group compared to the control group for
both sexes, being more prominent in males. However, these differences were not statistically significant for both sexes [for male:
0.75+0.006, 0.79+0.03; (p=0.055); for female: 0.73+0.04, 0.74+0.049; (p=0.71)]. In addition, a statistically significant weak negative
correlation was found between frontal SUVmean values and anxiety levels in male patients (r=-0.4697, p=0.01).

Conclusions: \We believe that the measurement of frontal cortex '®FDG uptake level and notification of the clinician about the patients
with decreased values are important in patients with E-NSCLC who underwent "8FDG-PET/CT imaging.
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Introduction

Depression is known to be more commonly seen in
those with cancer or other chronic additional diseases
(1,2). More common depressive disorders have been
reported to occur especially in pancreas, breast and lung
cancers (2). Although there is many evaluation scales that
can be used for the diagnosis and screening of depression
such as beck depression test, Hospital Anxiety and
Depression Scale (HADS), patient health questionnaire
(DSM-MD4), center for epidemiologic studies depression
scale (CES-D), Hamilton Depression Rating Scale; since
depression symptoms are similar to the general condition

in cancer patients, it may be difficult to diagnose. The
treatment of accompanying depression has been reported
to provide a positive contribution on the prognosis and
survival in cancer patients (2-4).
18-fluorodeoxyglucose-positron emission tomography/
computed tomography ("®FDG-PET/CT) is an imaging
method evaluating glucose metabolism, and today is
widely used in many clinical indications, especially in the
field of oncology. Since the main energy need of the
cerebral tissue is glucose, and because physiologically high
level of ®FDG uptake is seen, most centers perform the
imaging from the skull base in the oncologic ®FDG-PET/
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CT studies. But some centers as in our center perform
the imaging from the vertex and the cerebral tissue is
included in the imaging area. In this way, some incidental
cerebral-cerebellar lesions and diseases may be detected
in oncologic FDG-PET/CT examines.

Although there are studies showing high frequency of
depression in cancer and negative effects on prognosis-
survival, there are few studies examining brain 8FDG
uptake levels in lung cancer (5,6). In addition, looking
at the literature, no study was found investigating the
relationship between the presence of depression and
cerebral 8FDG uptake levels in early-stage (Stages 1-2)
lung cancer (E-NSCLC).

In the light of this information, we aimed to investigate
the relationship between frontal cortex '®FDG uptake level
and depression-anxiety status in patients who underwent
8FDG-PET/CT imaging and were clinically accepted to have
E-NSCLC, to compare the results with the control group
and to evaluate whether "®FDG uptake can be a helpful
parameter in predicting the diagnosis of depression in
E-NSCLC.

Methods

Subjects

The patient information form was filled in for this study
and the approval of the institutional ethics committee was
obtained from Gaziantep University (number; 2020-152,
date; 15/04/020). This prospective study was conducted
between May and November 2020, after the permission
of the ethics committee. A total of 34 patients with 25
being males and 9 females who underwent "8FDG-PET/CT
for the diagnosis and/or staging in our clinic and accepted
to have early-stage (Stages 1-2) lung cancer ®FDG-PET/
CT and chest CT findings were included in the study.
In addition, a total of 25 persons with 16 being males
and 9 females who underwent "8FDG-PET/CT due to any
cancer suspicion in our clinic and without any malignancy
detected were assigned to the control group. When
establishing the control group, it was paid attention to
be similar to the patient groups’ features as age, gender,
profession, educational status.

Newly diagnosed patients who did not receive any
treatment (radiotherapy, chemotherapy, surgery), were
histopathologically diagnosed with non-small-cell lung cancer
(NSCLC), and accepted as to have early-stage (Stages 1-2)
lung carcinoma on "8FDG-PET/CT and chest CT findings, and
persons without any pathological FDG uptake detected as
the control group were included in the study.

Patients with a known pathology/drug use/surgery that
could affect cerebral-cerebellar '®FDG uptake, pregnant
and breastfeeding patients and those aged under 18 years
were excluded from the study.
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Patient Preparation and '"®FDG-PET/CT Imaging
Protocol

The blood glucose of the patients was cotrolled the
following 12-hour fasting and if glucose level <150 mg/
dL, were injected with 5 MBq/Kg intravenous (iv) '®FDG.

The PET/CT imaging was performed 60 minutes after
the injection using combined PET/CT device (Biograph2
LSO/Somatom Emotion; Siemens Medical Solutions) in
our department.

The imaging was performed as whole-body from vertex
up to the upper thigh region at mean 5-7 bed interval.

Imaging Analysis and Evaluation of the Patients

'®FDG-PET/CT images of the patient and control groups
included in the study were evaluated by two experienced
nuclear medicine specialists. Frontal cortex '®FDG uptake
level was found by calculated by averaging ratios of the
mean standard uptake values (SUVmean) taken from the
superior, middle and inferior levels of the frontal cortex
area to the SUVmean measurements taken from the other
cerebral regions in similar sections.

Liver SUVmax values were also measured in order to
test the possible variabilities related to the other factors
that could affect FDG uptake in the body.

Depression-anxiety levels of the persons in the patient
and control groups who met the inclusion criteria were
determined 2 days after "™FDG-PET/CT imaging using
HADS, which validity and reliability was studies by Aydemir
et al. (7), by a psychiatrist who was blind to "8FDG-PET/CT
findings.

The HADS scale consisted of 14 questions with anxiety
was measured with seven (uneven-number items: 1, 3, 5,
7,9, 11 and 13) and depression with seven (even-number
items: 2, 4, 6, 8, 10, 12 and 14) questions. The answers
were scored with 0-3 points and the minimum score that
can be obtained from the scale was 0 and the maximum
score was 21 points. As specified in the study by Aydemir
et al. (7), cut-off points for the Turkish form of the scale
was taken as 10 points for anxiety (HADS-A) and 7 for
depression (HADS-D).

Both groups were examined in terms of age, gender,
profession, educational level, blood glucose, frontal cortex
SUVmean ratio, depression and anxiety levels.

The relationship between frontal cortex SUV mean
ratio and depression-anxiety levels was analyzed.

Statistical Analysis

Data of the patient and control groups were obtained
via the medical history, HADS scale and "8FDG-PET/CT
images. Data were analyzed using SPSS V.18 statistical
software. Mean, standard deviation and percentage
descriptive values were used for age, blood glucose levels,
liver SUVmax, frontal cortex SUVmean and HADS scale
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results. Quantitative variables were expressed as mean +
standard deviation (SD) when normally distributed, and as
[IQR, (interquartile range)] when non-normally distributed.
The comparison between the groups was made with
t-tests, Fisher Exact and chi-square tests. Pearson’s analysis
was used to determine the correlation between frontal
cortex SUVmean values and HADS scores. The p<0.05
were considered statically significant for all statistical tests.

Results

Demographic  features (age, gender, profession,
educational status), frontal cortex SUVmean, HADS-A
and HADS-D results of the patient and control groups,
intergroup comparisons of these parameters and statistical
analysis data are given in Table 1,2, and these data were
explained shortly with the following sentences.

There was no statistical difference between the two
groups in terms of age, gender, profession, educational
status, blood glucose levels and liver SUVmax values
(p>0.05).

Frontal cortex SUVmean ratios were slightly lower in
both sexes in the patient group compared to the control
group, although the difference was not statistically
significant (p>0.05).

The correlation between frontal cortex SUVmean
values and HADS-A and HADS-D scores was analyzed in the
patient group, and a statistically significant weak negative
correlation was found between frontal cortex SUVmean
values and HADS-A in the male patients group (r=-0.4697,
p=0.01), while no statistically significant correlation was
found in the other sex and scores.

Figure 1 shows fusion "FDG-PET/CT images of
a patient with decreased frontal cortex FDG uptake
(SUVmean ratio: 0.68) compared to the control group
who a HADS-A score of 12 and a HADS-D score of 9, while
Figure 2 shows fusion "FDG-PET/CT images of a patient
with normal frontal cortex FDG uptake (SUVmean ratio:

Figure 1. Cranial FDG-PET/CT fusion images of a 59-year-
old male patient (top row: transaxial sections from the vertex
towards inferior; bottom row: sagittal sections): Frontal cortex
FDG uptake appears to be decreased (Frontal cortex SUVmean
r=0.68). HADS-A and HADS-D scores were found 12 and 9,
respectively.

FDG: Fluorodeoxyglucose, PET: Positron emission tomography,
CT: Computed tomography, SUV: Standart uptake value, HADS-A:
Hospital anxiety and depression scale-anxiety, HADS-D: Hospital
anxiety and depression scale-depression

Table 1. The Patient and control groups’ characteristics
Characteristics Mal'e Male p Fen'1ale Female p

patients control patients control
Subject number 25 16 p*=0.56 9 9 p*=0.56
Age (year) 57.8+7.2 55.1+5.9 p**=0.22 53.8+7.8 52.7+6.6 p**=0.74
Education level ({/1) 12/13 6/10 p*=0.53 7/2 6/3 p***=0.53
Profession (working or retired/not working) 24/1 15/1 p*=1.0 8/1 7/2 p***=0.52
Education level |: High school or below, Education level 1: University, p*: Fisher's Exact test, p**: T-test, p***: Chi-square test
Table 2. The Inter-group comparison for the metabolic findings and anxiety-depression scores
Deta Male patients | (L (P pationts control | P
Glucose level (mg/dL) 117.8+£12.5 112.9+14.0 p*=0.25 113.3x12.4 111.7+£13.7 p*=0.80
Liver SUVmax 3.37+0.43 3,28+0.51 p*=0.27 3.30+0.37 3.23+0.36 p*=0.35
Frontal cortex SUVmean ratio 0.75+0.06 0.79+0.03 p*=0.055 0.73+0.04 0.74+0.04 p*=0.71
HADS-A score 9.7+3.6 8.5+2.7 P*=0.28 10.8+4.3 9.2+2.5 p*=0.33
HADS-D score 5.8+1.7 5.1£1.5 p*=0.18 7.3+2.0 6.8+1.7 p*=0.62
Correlation of SUVmean and HADS-A r=-0.4697 - p**=0.01 r=-0.4813 - p**=0.18
Correlation of SUVmean and HADS-D r=-0.3754 - p**=0.06 r=-0.5303 - p**=0.14
SUV: Standart uptake value, HADS-A: Hospital anxiety and depression scale-anxiety, HADS-D: Hospital anxiety and depression scale-depression, p*: T-test, p**: Pearson
correlation analysis
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0.81) compared to the control group who a HADS-A score
of 9 and a HADS-D score of 6.

Figure 2. Cranial FDG-PET/CT fusion images of a 46-year-old
female patient (top row: transaxial sections from the vertex
towards inferior; bottom row: sagittal sections): There is no
decrease in frontal cortex FDG uptake and it is appear to be
normally (Frontal cortex SUVmean r=0.81). HADS-A and HADS-D
scores were found 9 and 6, respectively.

FDG: Fluorodeoxyglucose, PET: Positron emission tomography,
CT: Computed tomography, SUV: Standart uptake value, HADS-A:
Hospital anxiety and depression scale-anxiety, HADS-D: Hospital
anxiety and depression scale-depression

Discussion

Although establishing the diagnosis of depression
is difficult in cancer patients due to similarity between
general status features and depression symptoms, there
are studies in the literature demonstrating high incidence
and negative effects of depression on prognosis in patients
with lung cancer (3,8-11). On the other hand, the number
of studies investigating cerebral FDG uptake levels and
the relationship between the presence of depression and
cerebral FDG uptake in patients with lung cancer is limited
(5,6). In our study, we compared frontal cortex FDG uptake
between patients with non-small cell lung carcinoma and
the control group, and investigated its relationship with
HADS-A and HAS-D scores. In this respect, our study is the
first in the literature.

Many factors such as age, gender, occupation,
educational status, PET imaging procedure-parameters,
blood glucose level, possible drugs used, neurological-
vascular-systemic diseases can cause changes in brain FDG
uptake. In order to minimize these, maximum attention
was paid to ensure inclusion-exclusion criteria of the study
and to be no statistical differences between the patient-
control group in terms of these factors.

Because the probability of unpredictable metastases
to distant organs such as the brain in small cell lung
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carcinoma, and high probability of cerebral metastasis
in advanced stage lung cancer, we were included only
patients with E-NSCLC in our study. When reviewing of
few studies (5,6) which evaluating brain "®FDG uptake in
patients with lung cancer in the literature, it is seen that
they are designed without regard to case discrimination,
and therefore we believe that our study is superior in this
sense.

Although '"FDG uptake is physiologically high in the
cerebral tissue, the imaging is started from the cranial
vertex in "®FDG-PET/CT examinations in some centers,
and although procedures-parameters in neuropsychiatric
cerebral '®FDG-PET/CT examinations are not used,
incidental cerebral-cerebellar metastases, CVD and
demantial pathologies may be detected. Similarly, we
are routinely include the brain to imaging area on PET
examinations and we would like to emphasize that no
additional imaging was performed except for routine
imaging in our study.

It is argued that regional increases and decreases in
cerebral FDG intake of cancer patients are caused by the
interaction between central neuromodulation and tumor-
associated peripheral reaction. In the study conducted by
Zhang et al. (5), brain regions where decreases/increases
in FDG uptake in small cell lung cancer patients were
identified and possible mechanisms were investigated.
Whereas in our study only frontal lobe FDG uptake levels
were investigated, and the other cerebral regions could
not be examined. The most important reason for this was
the lack of a software specific to cerebral studies such
as cortexID and NeuroQuant, and not performed the
neurologic PET/CT examination which containing differing
imaging procedures-parameters.

Although evaluating only frontal lobe FDG uptake may
be seen as a weak aspect of our study, there are studies
showing that prefrontal dysfunction is the pathologic basis
of depression onset and also a marker of a depressive
condition (12,13). In addition, it has been reported that
frontal and parietal regions are the main components
of the dorsal attention network (DAN), which controls
attention allocation and spatial orientation functions,
and these may be associated with possible dysfunction in
cancer patients (6,14,15). In the present study, although
no statistically significant difference was not found
between both sexes in the patient group compared to the
control group in terms of frontal cortex FDG uptake, it was
lower in the patient group than in the controls, and these
findings were supporting the literature.

Clinical examination is necessary for the diagnosis of
depression, although HADS is a simple, but simple, reliable
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depression evaluating tool designed for use in medical
practice. Studies have shown that this scale can be used
not only for hospital setting, but also social and first line
medical applications. The reason for using this scale in our
study was that the study group was in the hospital, the
scale can be used in a practical way in about five minutes
and validity-reliability study of the scale was conducted for
our population.

HADS-A and HADS-D scores were found to be higher
for both sexes in the patient group compared to the
control group. However, these differences were not
statistically significant. It should be taken into account
that, this result might be resulted from that although the
control group consisted of the persons without pathologic
8FDG uptake detected, this group could not be created
with completely healthy persons without health problems
and/or our patient group consisted of the patients with
early-stage (Stages 1-2) disease.

When the relationship between the frontal cortex
SUVmean values, HADS-A and HADS-D scores was
analyzed in the patient group, there was a statistically
significant weak negative correlation between frontal
cortex SUVmean values and HADS-A scores only in the
male patients group. Although a weak correlation was
found only in male patients group and the study group
and assessment scale were different, in a study by Fu C et
al. (16) it was reported that SUV values were low in "®FDG/
PET-CT imaging in the frontal gyrus region and showed
correlation with the Hamilton score in major depressive
patient compared to the control group.

Although the HADS scale has been performed 2 days
after "®FDG/PET-CT imaging in the patient and control
groups opened the door for critical opinion that anxiety-
depression evaluation was not made concurrently, we think
that this provided an advantage of ruling out concern-fear
state that can be caused by the imaging process.

Study Limitations

Besides being the first prospective cross-sectional study
conducted in this area, our study also has some main
limitations. These can be listed as follows; the presence
of depression could not be determined with clinical
evaluation, some software evaluating cerebral metabolism
in @ more standardized way could not be used and the
number of patients was relatively small.

Conclusion

We found that the frontal cortex '®FDG uptake was
lower in the patient group than in the controls and, there
is a relationship between the frontal cortex SUVmean
values and HADS-A scores in male patients. We think that
it is important to measure frontal cortex '®FDG uptake in
NSLC patients who underwent *FDG-PET/CT imaging and
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to inform the clinician about the patients with decreased
8FDG uptake values of the frontal cortex for the prediction
of likely depressive status.
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