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potential implication of origin of cancer. The aim of the study was to assess stress
prevalence prior to diagnosis of wild-type IDH glioblastoma.

Methods: This prospective single-center study enrolled consecutive new cases of wild-
type IDH glioblastoma diagnosed between December 2019 and March 2021 at the
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questionnaire explored both the presence of stressor exposure and the intensity of
patient stress level prior to the diagnosis. Four groups were included: high
stressors/high stress, high stressors/low stress, low stressors/low stress and low
stressors/high stress. Patient characteristics were collected. Statistical analysis was
based on the Chi-square test and the Kaplan-Meier survival estimator.

Results: Sixty-four patients with a median age of 66 years were included. Glioblastoma
involved predominantly the frontal lobe (39%). Thirty-six patients (56.3%) presented
a low stressor/low stress profile. Stress corresponded mainly to the death of a loved
one or to family health problems. Among working professionals, 20 patients (67.5%)
reported low-intensity work stress. A history of depression was found in 30%.
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Progression-free survival at 6 months was 45.3% and median overall survival was
estimated to be 16.5 months. Level and presence of stress did not differ based on
location of tumour. No association was found between stress and tumour progression
or overall survival.

Conclusion: A majority of patients in this study had low exposure to stressors as well

as low stress level. Psychological stress did not seem to favour the emergence of
glioblastoma or survival.

Keywords: Psychosocial Stress; Glioblastoma; Stressors; Stress Level

Introduction

Stress corresponds to the psychological, physical and emotional reaction that a subject can develop to cope with situations and
pressures imposed on them [1]. By activating the adrenergic system and the cortisol pathway, stress becomes responsible for
physiological changes (increase in blood pressure, acceleration of the heart rate, disruption of circadian rhythms, etc.) and the
hypothesis of an association between stress and increased health risk emerged many years ago [2]. The impact of stress on
increased risk of morbidity and mortality is now well established, particularly with cardiovascular diseases. It includes different
types of stressful events (bereavement, work, trauma, financial problems, etc) and can be spread over a very variable time scale
[3-6]. In oncology, the implication of stress on oncogenesis and tumour progression remains a source of questions. A strong
association between stress and cancer has not clearly been established yet [7-9]. In primary central nervous tumours, few risk
factors have been identified [10,11]. The potential presence of an identified psychosocial stress prior to diagnosis represents an
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important source of routine questions for both patients and caregivers. To our knowledge, no study has yet evaluated the impact
of acute or chronic stress on the incidence of brain tumours. The study aimed to assess prospectively the prevalence of exposure
to acute and chronic psychosocial stress and the response of patient to the stress in a consecutive cohort of newly diagnosed
patients with wild-type IDH glioblastoma at the University Hospital of Bordeaux, France using a standardized self-assessment
scale [12]. Secondary objectives were to analyze the potential association between stress and glioblastoma progression and
survival.

Methodology

The study included prospectively all adult patients diagnosed for a newly wild-type IDH glioblastoma from December 2019 to
March 2021 at the University Hospital of Bordeaux. Exclusion criteria were the presence of a mutant IDH glioblastoma and the
presence of advanced cognitive disorders incompatible with filling in the questionnaire. Due to the Covid-19 health crisis during
2020 (confinement, teleworking, telephone announcement) and some cases of intense psychological suffering at the
announcement of the diagnosis, some eligible patients could not complete the questionnaire and were therefore not included in
the present study. All patients included signed an informed consent form. We collected patient characteristics included clinical,
radiological, oncological management and follow-up. Habits reported included excessive alcohol consumption or smoking over
10 pack-years. A history of depression corresponded to an active or past depression for major depression of DSM criteria.
Multifocal location corresponded to a presentation with at least 2 consecutive lobes involved with tumoral contiguity. Tumour
characteristics included neuropathology according to the 2016 WHO classification of brain tumours and methylation status of
the MGMT promoter. Time of first symptoms, time of diagnosis corresponding to surgery and time of acute stress, if present,
were reported. At the time of the announcement of the glioblastoma diagnosis, the patient was included and received the
validated stress questionnaire from the specialist nurse or the neuro-oncologist separated into two different parts. The first part
of the questionnaire entitled "Brief Rating Scale for Stressors" includes 8 questions and the answers to each question are calibrated
with a score from 1 to 6 (from "no" to "extremely"). The patient then related the potential history of psychological trauma
experienced (any time in their life) as well as their exposure to stressors (health, family, loss, sentimental, financial and
professional or other stressors). If recent trauma was identified in the two years prior to diagnosis, the patient was asked to
provide written details of this trauma. A global score was calculated and it was then possible to define a stressor intensity level
(high level of stressor exposure if score above 18). Question 8 of this part (Do I have a disease? Rate its severity and the discomfort
for you) was analyzed independently from the rest of the questionnaire and new intervals were recalculated. The second part of
the questionnaire entitled "Brief stress rating scale" included 11 questions about how the stress was expressed through character
traits, emotivity, potential psychosomatic manifestations as well as feelings about their health. After adding points obtained for
each question, a global score was calculated to define a stress intensity level (high level of stress if score above 30). Patients were
separated into 4 different categories according to their level of stressor exposure and stress response (category 1: high stressors
/high stress; category 2: high stressors / low stress; category 3: low stressors / low stress; category 4: low stressors / high stress).
Patient characteristics as well as Progression Free Survival (PFS) and Overall Survival (OS) were analyzed using a Chi-square
test. The Kaplan Meier estimator and the Log Rank test enabled the development and comparison of survival curves. Depending
on calculated stressor subgroups, we explored eventual association with tumour location, history of depression, beta-bloquant
management, Overall Survival (OS) and Progression Free Survival (PES) with Chi-square test.

Results

65 patients were included in this study with a median age at diagnosis 66 years. One patient was excluded due to IDH mutant
status. Patients characteristics are presented in Table 1. Glioblastoma mainly involved the frontal lobe (39%). The methylation
status of MGMT promoter was found in 20 cases among the 50 cases assessed. Patients with professional activity at diagnosis
represented 30 patients (47%) of the cohort. A history of chronic disease at diagnosis was reported in 46 patients with a majority
of high blood pressure in 26 patients, dyslipidemia in 17 patients, diabetes in 11 patients and coronary disease in 10 patients. A
history of depression was reported for 19 patients (30%) and 12 patients (19%) were taking psychotropic medication at the time
of diagnosis (7 patients with anxiolytic treatment such as benzodiazepines and 5 with antidepressant treatment). 11 patients
(17%) of the cohort were taking a beta-blocker treatment for cardiovascular disease at diagnosis. Clinical presentation was mainly
a neurological deficit in 33 patients and performance status was less or equal to 1 in 45 patients (70%). Thirty patients (47%)
underwent a brain biopsy while 34 patients (53%) had a surgical resection including 9 (26%) with complete resection and 25
(74%) subtotal resection. Four patients with complete resection had a Carmustine wafer implantation during surgery. After a
multidisciplinary meeting, a concomitant radio-chemotherapy was the oncological treatment proposed for 57 patients (89%).
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Treatment with Temodal alone was decided for 6 patients (9%). One patient underwent palliative care after surgery.

After category recombination, 36 patients (56.3%) presented a "low stressor / low stress” profile (Table 1). According to the first
question regarding the experience of psychological trauma, 33 patients (52%) reported low or absence of exposure to
psychological trauma (score 1 to 3). The loss of a loved one accounted for 80% of the psychological traumas described by patients.
Forty patients (63%) reported low or no acute stress in the 2 years prior to diagnosis and the existence of extreme acute stress
was found in only 10 patients (15,6%). Family health problems were the most represented category of stressful events (31%)
followed by the loss of a family member (27.5%) and job strain (27.5%). Divorces and other unclassified stressful events each
accounted for 7% of stressful events. Among all patients, 37 patients (57.8%) did not mention any job strain and among the 30
working patients, 20 (67.5%) reported low job strain. After analyzing all the results of the first part of the questionnaire, a large
majority of patients (67%) had a low or very low level of stressors. Regarding question 8 of the first part of the questionnaire, 39
patients (62.9%) considered the diagnosis of glioblastoma with a significant or extreme severity. Similarly, the second part of the
questionnaire showed that 44 patients (69%) had a low or very low level of stress.

For patients on beta-blocker medication, the stress level was low or very low in 73% of cases but the difference was not significant
(p=0,754). Patients with frontal tumour location had a non-significant increase in stress level (40% vs 21%; p= 0,121) and
depression rate did not appear to be affected by tumour location (p = 0,973). The multifocal nature of the tumour was the only
parameter that significantly impacted progression (p = 0,015) and survival (p = 0,002) negatively. There was no significant
difference in stress between right and left hemisphere tumour, nor between dominant and non-dominant hemisphere (p= 0,450).
Furthermore, there appeared to be no significant difference between men and women regarding the level of exposure to stressors
(including job strain) (p = 0,184) or the level of stress (p=0,112). Based on these results, exposure to stressors as well as the intensity
of the stress level appear to be relatively low in the glioblastoma population.

Median time between reported stress and diagnosis was 11 months (Fig. 1). Median overall survival was 16,5 months and 6-
months progression free survival was 45,3%. No significant association was demonstrated between tumour progression, overall
survival and exposure to stressors or stress level. History of depression (p = 0,755), use of beta-blockers (p =0,683) and MGMT
status (p = 0,309) did not appear to significantly impact overall survival.

Patient 41 " Time symptom - diagnosis
" Time stress - symptom

Fatient 24

T0 = symptom
Time (month)
Figure 1: Time between stress - symptom - glioblastoma diagnosis in patients with acute stress. 0 represented glioblastoma first
symptoms, negative part represented time from stress event to first symptoms and positive part represented time from first
symptoms to glioblastoma diagnosis.
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High stressors / High stressors / Low stressors / Low stressors /
High stress Low stress Low stress High stress
Number of patients 13 (20,3%) 8 (12,5%) 36 (56,3%) 7 (10,9%)
Median age at diagnosis (years) 58,5 63,4 69,3 66,7
Depression history N =8 (61,5%) N =4 (50%) N=4(11,1%) N =3 (42,9%)

Psychotropic medication

N=1(7,7%)

N=1(12,5%)

N=6(16,7%)

N=4(57,1%)

Beta-blocker medication

N=1(7,7%)

N=1(12,5%)

N =7(19,4%)

N=2(28,6%)

Workers

N =10 (76,9%)

N =4 (50%)

N =16 (44,4%)

N=1(14,3%)

Symptoms at diagnostic :
- Deficit
- Cognitive impairement
- Epilepsy

-Intracranial hpertension

N =5 (38,5%)

N=9(69,2%)

N =5 (38,5%)

N=0(0%)

N =4 (50%)

N =4 (50%)

N =4 (50%)

N=1(12,5%)

N =20 (55,6%)
N =16 (44,4%)
N =14 (38,9%)

N=11(2,8%)

N=4(57,1%)

N=2(28,6%)

N =3(42,3%)

N=1(14,3%)

PS0/1

N =8(61,5%)

N=7(87,5%)

N =25 (69,4%)

N=5(71,4%)

Tumour location :

- Frontal N =8 (61,5%) N=3(37,5%) N =12 (33,3%) N=2(28,6%)
- Temporal N =31(23,1%) N =2(25%) N=9(25%) N =1 (14,3%)
- Parietal N=0 N =0 (0%) N =7(19,4%) N=1(14,3%)

- Occipital N=0 N=1(12,5%) N=2(56%) N=0

- Corpus callosum N=0 N=1(12,5%) N=1(2,8%) N=0
- Thalamus N=0 N=0 N=0 N =1 (14,3%)
- Multifocal N =2 (15,4%) N=1(12,5%) N =5 (13,9%) N =2(28,6%)
MGMT methylation N =3(23,1%) N=1(12,5%) N =14 (38,9%) N=2(28,6%)

Median Time (month)

- Acute stress - diagnosis

17

14
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- First symptom - diagnosis 14 1.1 0.8 0.7

Psychological traumas N =11 (84,6%) N=7(87,5%) N=9(25%) N=4(57,1%)

Table 1: Patients characteristics in the study population of IDH wild type glioblastoma patients.

Discussion

The present study described for the first time stressor exposure for patients with glioblastoma at diagnosis and stress response
in this population. A majority of patients did not report acute stress prior to diagnosis of glioblastoma nor a high level of stress.
PFS and OS were comparable in the different categories of stress response. The only factor that significantly and negatively
affected PFS and OS in this study was the multifocal location.

Although stress represents an ambivalent response that can be beneficial in certain situations (concept of “fight or flight
response”), the association between stress and pathologies are numerous and concern almost all medical specialties (depression,
metabolic syndrome, coronary artery disease, psoriasis, inflammatory bowel disease etc,) [13-18]. Most epidemiological studies
affirm that the prolonged perception of a high level of stress remains associated with reduced physical and mental condition
[19,20]. This data is consistent with our results which find the higher rate of depression in the “high stressors / high stress”
category of patients.

The autonomic nervous system and the hypothalamic-pituitary-adrenal system are thought to be responsible for the majority of
interactions between stress and cancer via the secretion of catecholamines and cortisol [21-23]. We hypothesized that known
inflammation and a decrease in immunoprotective functions induced by the secretion of cortisol and catecholamines could
explain the mechanisms of gliomagenesis and glioma progression, already discussed in previous studies [21,24]. In several
publications, stress-related psychosocial factors have been suggested to contribute to incidence of cancer, tumour progression
and worst survival in cancer patients but most studies have focused on high-incidence cancer (especially in breast cancer [9,25-
28]. Despite all the studies carried out, the stress-cancer association is currently not very robust. However, primary brain cancer
incidence remains low (almost 20/100,000 person-years in France) and the risk factors for glioblastoma (brain radiation, genetic
predisposition) are rarely found in medical practice [29]. The multiple questions from patients about the origin of the disease,
led us to carry out this study and, to our knowledge, this is the first study to assess the impact of stress on the emergence of
glioblastomas.

To address this question, we selected patients with primary brain tumours at the time of diagnosis to break free from stress
induced by cancer management. Due to the Covid-19 health crisis during 2020, several eligible patients could not be included in
our study. Furthermore, the study did not include cognitive test evaluation especially for patients excluded due to advanced
cognitive disorder, incompatible with filling in the questionnaire. Moreover, we choose glioblastoma with a wild-type IDH
profile, an aggressive tumour recognized for its rapid growth and patient symptoms briefly preceding diagnosis. This choice
made it possible to limit the risk of patients presenting symptom-induced stress directly through the slow and chronic evolution
of infiltrative gliomas with IDH mutation. [30]. Cardiovascular risk factors or coronaropathy represented a majority (56%) of
medical histories of patients and these pathologies are known for their high-prevalence in the stressed population [6,31,32]. The
depression rate found in this study (30%) was a little bit higher than in the general population (20%) and is probably explained
by the cognitive impairment in the glioblastoma population [33]. The interaction of beta-blockers with the adrenergic pathway
involved in stress and depression has been the subject of many publications concerning their impact on these pathologies and
the proportion of patients treated with beta-blockers in our study seems similar to the proportion observed in the general
population (20%) [34-38]. Location of the tumour did not impact stress, especially frontal location that can induce
hypersensitivity which can lead to organic depression and anosodiaphoria which can lead to emotional indifference. The frontal
lobe is involved in several functions including emotional regulation and a large portion of the patients in this study (up to 61,5%
in the high stressor / high stress category) had an extensive frontal lobe tumour. In addition, these results are consistent because
the frontal lobe represents the largest lobe of the brain and is one of the brain regions most affected by gliomas [39].

Some studies have described a better quality of life in cases of minor hemisphere syndrome [40]. The dominant hemisphere could
be defined for all patients, however in our study there did not appear to be a significant difference in stress between left and
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right hemisphere tumours. A large proportion of patients (56,3%) with recent diagnosis of glioblastoma reported no exposure
to acute stress in the two years preceding the diagnosis. It seems important to emphasize that the “low stressor / low stress”
patients corresponded to the oldest patients (pensioners). The proportion of job strain found in this study is low and the
publications about job strain do not find a significant increase in risk of cancer [41,42]. Among the patients who identified recent
acute stress, the time between the traumatic event and the first symptom was 11 months. In this single-center study with a
socioculturally homogeneous population, health problems, loss of a loved one or job strain were the main stressors and certain
types of stressors may have been underestimated (financial, healthcare access, war, etc.). Tumour progression and overall
survival do not seem to be influenced by the existence or intensity of the patient's stress at diagnosis. However Liu, et al.,
demonstrated that additional stress in the history of patients due to poor prognostic and management are high, that we did not
explore in the present study [43]. An important limit is the absence of a control cohort and therefore the lack of possibility of
calculating the hazard ratio on stress exposure. In addition, the retrospective and declarative nature of the questionnaires may
overestimate the stress level in the context of recent diagnosis of cancer. On the other hand, talking about stress and cancer could
tend to relativize patient stress in comparison to the diagnosis of cancer and then minimize the presence of real stress that might
have been important in another context. The cognitive distortion after receiving the diagnosis and the cognitive impairment
induced by the tumour are probably responsible for a significant recall bias. Despite the inter and intra individual variability of
stress as well as the multiple methodological difficulties to objectively evaluate this qualitative variable, several evaluation scales
have been described for stressors and stress level and the Cungi scale used in our study has been validated and recognized as a
sensitive and reproducible scale [12,43-47]. The stress questionnaire completed by patients was developed in 1997 by the French
psychiatrist Charly Cungi, specialist in cognitive and behavioral therapy and author of numerous studies about stress. Thanks
to the multiple dimensions explored as well as its sensitivity, reproducibility and reliability, this questionnaire constitutes a
recognized and validated scale. Although some studies report a reduction in the risk of death from cancer, with no benefit in
overall survival [21,48]. the personalized and multimodal management of the stress of our patients remains essential to guarantee
the best possible quality of life. The survival benefit of stress management as well as the stress impact on efficacy of
immunotherapy are other avenues worth exploring.

Conclusion
Although stress is an essential concern for patients with a primary brain tumour, psychological stress does not appear to impact

the emergence of brain tumours nor the survival of patients with glioblastoma.
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