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ABSTRACT 
[bookmark: _Hlk527721661]Introduction. Depressive disorder (DD) is one of the most common mental disorders in palliative cancer patients. It has been one of the most underdiagnosed and untreated disorders in patients at the end of life. Additionally, DD is an important factor for the presence of desire to hasten death, a lower functional status, survival and quality of life, a poor therapeutic adherence and greater intensity of physical symptoms. Objective. To identify the frequency of depressive disorder, its impact on overall survival and its relation with clinical and sociodemographic characteristics in patients with advanced cancer seen at a palliative care service in Mexico. Methods. A prospective, observational, cross-sectional study of patients within a palliative care service of the National Institute of Cancerology in Mexico City were recruited. Clinical factors were assessed by the Edmonton Symptom Assessment System (ESAS), functionality by the Karnofsky performance score and survival clinical prediction by the Palliative Prognostic Index. A semi-structured clinical interview according to the DSM-5 criteria to identify major depressive disorder was carried out by a psychiatrist from February 2018 to January 2019. Results. One hundred patients were recruited, 69 were female, median age was 57 years. Twenty-four patients met the criteria for depressive disorder. In the univariate analysis, patients with DD showed more intense physical symptoms, lower functionality, and poorer survival, compared to patients without DD. In the multivariable regression analysis, lower functionality was associated with DD OR 5.4 (95%CI 1.2-25.1) p = .026.  Median overall survival in patients with DD was 5 months vs 27 months in those with no DD, p = .0289. Conclusion. The presence of depressive disorder is associated with a lower functionality and a worse prognosis in patients with advanced cancer. Improving strategies to improve early diagnosis and treatment of depressive disorder in patients with advanced cancer should be encouraged.
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INTRODUCTION
The aim of palliative care is the multidisciplinary support and care of the patient in order to improve her/his quality of life and of those closest to them (i.e. family care givers and close friends). This is achieved by early problem identification, integral evaluation and control of the physical problems such as pain, psychological suffering and spiritual issues; as well as their social needs, helping them to live the best possible way until their death (1).  
In order to achieve these objectives, there are multiple challenges, including the presence of mental health that imply additional suffering (2,3). Delirium, anxiety and major depressive disorders are the most common. Unfortunately, these are not always diagnosed and therefore many times go by undertreated (4,5).
In our palliative care unit, the frequency of depressive disorder (DD) is still not known (6), medical literature state that the prevalence of DD in patients with advanced cancer seen at palliative care centers is 14% (12-20.4%)(7–9), which is higher than in the general population (10). Although DD is frequently found in palliative cancer patients, it is usually under recognized and undertreated (11).
Depressive disorder is associated with a decreased in the perception of quality of life (12), longer hospitalization time, greater weight loss, lower functionality, worse treatment adherence, more  frequent and intense physical symptoms such as fatigue and pain(13–15). DD is also associated with a higher suicidal risk and the desire to hasten death(16–22). Furthermore, the presence of a DD has been associated with a shorter overall survival (15,23,24); therefore, DD increases the disability in those patients with oncologic conditions (18). 
The aim of the present study was to identify the frequency of depressive disorder, its impact on overall survival, and its relationship with clinical and sociodemographic characteristics in patients with advanced cancer seen at our palliative care service in Mexico.
MATERIAL AND METHODS
A prospective observational study was conducted. Consecutive cases of patients with advanced cancer sent to the palliative care service at the National Institute of Cancer (Mexico City) were included from February 2018 to January 2019. Inclusion criteria included were confirmed diagnosis of cancer, age >18 years, with a Karnofsky performance score (KPS)  >50 (25). Exclusion criteria: Delirium, psychotic disorder, currently using antidepressant, central nervous system metastases (CNSm), not being able to answer the interview and/or questionnaires.
Proceedings: All patients were interviewed by a psychiatrist (ORM), who during the interview collected sociodemographic data, performance status, completed the Edmonton Symptom Assessment System (ESAS) (26) tool for symptom assessment and the palliative prognostic index (PPI). After that, a medical interview according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (27) for the diagnosis of depressive disorder was performed. Patients diagnosed with depressive disorder were prescribed with pharmacological treatment and/or psychotherapy according to the severity of the disorder. A survival cutoff was determined at end of August 2019.
Statistical analysis
Demographic and clinical characteristics are presented as frequencies, median and interquartile range (IQR). To study the relevance of the presence or absence of the depressive disorder, chi-square/Fisher exact or Wilcoxon test was used. To establish associations a univariable analysis was carried out. A multivariable model was constructed from those variables with statistically significant values defined as p < .05. For the analysis, we excluding depression and anxiety, due to content overlap with depressive disorder. Survival was estimated with Kaplan-Meier curves and comparisons between groups were done with the Log-Rank test. All calculations were done with Stata version 12 (StataCorp. 2011. Stata Statistical Software, TX).
Ethical considerations
All interventions were approved and supervised by the scientific and ethical research institutional committees. All patients approved and signed informed consent. The registry number of our Institutional Review Board (017/004/CPI) (CEI/1114/17).
RESULTS
One-hundred patients were included, after the interview, 24 were fulfilled the criteria for depressive disorder. Median age at the time of the interview was 56.5 years, Table 1 describes the characteristics of the population comparing whether depressive disorder was present or absent. No significant differences were seen in age, gender, marital status, scholarship, religion, previous occupation, or primary site of cancer.
Patients with DD had significantly worse performance status (KPS <70 47.6% vs 52.4%)  p = .000, different Palliative Prognostic Index (PPI) p = .004, and higher intensity of symptoms mainly pain (p = .0004), fatigue (p = 0.0002), nausea (p = .026), drowsiness (p= .026), dyspnea (p = .002) and insomnia (p = .009) as seen in Table 1 and Figure 1.
Once the multivariable model was constructed, the factor associated with the presence of depressive disorder was poor performance status (KPS <70) OR 5.4 (95%CI 1.2-25.1) p = .026, as seen in Table 2.
Median overall survival was better in the absence of depressive disorder group 26.7 months vs. 5.2 months log-rank p = .0289. The probability of 1-year survival was 39% for those with depressive disorder compared to 63% in those without DD, this tendency was also seen at a 2-year period (28% vs 54%) as seen in Figure 2. 
DISCUSSION 
In a prospectively study of one-hundred palliative cancer patients seen at a palliative care unit, the presence of depressive disorder diagnosed with the gold-standard was found in 24 patients. The presence of DD was associated with a higher number and intensity of physical symptoms, a worse functional status, and as shorter survival.
To the best of our knowledge, our study is the first to report the association of depressive disorder diagnosed by a psychiatric interview (28) with sociodemographic variables, physical symptoms, functionality and its impact on survival in advanced cancer patients in a Latin-American population. 
It is known that depressive disorder is frequent in palliative cancer patients seen at palliative care units, we found a 24% prevalence, higher than other reports (7-9), this was expected, for the method we used to diagnose DD, the sample size, and the population is different from previous reports. 
We found no relationship between the presence of DD and age, gender, years in education, married status, religion, previous occupation and oncologic diagnosis, similar to the findings reported by Lloyd-Williams et al (2004), but different to the findings from the study done by Grotmol KS et al (2019),  who found a relationship between DD and gender, age, years in education, and cancer diagnosis (13,14).
In our study we had an association between the presence of DD and a higher frequency and intensity of physical symptoms, this is ought to the intimate association of the perception of physical symptoms in depressed patients (13, 14). This perception might lead to a tougher control of physical symptoms such as pain and fatigue. In the same way, we found an association between DD and functionality, for a poor independent state (KPS <70) was the most important factor associated with the presence of DD, increasing 5.4 times its risk (OR 5.4). 
Previous reports have also established that DD is associated with a shorter survival in patients with advanced cancer, with a 62% of one-year mortality (23). 
An increase in the inflammatory state, in patients with advanced cancer, might be linked with the presence of depressive disorder (29); some studies have reported a close relation between inflammation and DD in advanced cancer patients, probably due to an increase in the symptom burden and a decrement in their functionality (30). This pro-inflammatory state has also been associated with a diminished response to oncologic and antidepressant treatments (31,32), and therefore with a poorer survival (30,33).
Several limitations in the present study should be described, a relatively small sample size when compared to other studies (34) should be noted, although to avoid this bias, the gold-standard test was used to diagnose DD. A referral bias should be also considered, for all patients were seen at a single cancer referral center.
The present study evidences the need to develop better strategies to identify DD in patients with advanced cancer seen at palliative care units, such as shorter interviews or self applied scales. This study will help the clinician to know the high frequency of DD and its implication in these patients, therefore making it an interesting line of research for its early diagnosis and their treatment interventions, either pharmacological or psychotherapeutic, to improve the quality of life.
CONCLUSION
Depressive disorder in palliative cancer patients referred for palliative care is very common, the presence of this disorder is associated with a higher burden of physical symptoms, a lower functionality and a worse prognosis. Strategies to improve the detection of depressive disorder are needed to determine if its early treatment increases the quality of life in these patients. More research is warranted in order to understand the factors associated with depressive disorder, inflammation and the survival in palliative cancer patients.
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TABLES AND FIGURES
Table 1. Comparison of sociodemographic and clinical characteristics of the patients with or without depression (N=100)
	Characteristics
	Depression (n=24)
	Without depression (n=76)
	p Value

	
	n
	%
	n
	%
	

	Age Median (RI)
	57.5 (50-65)
	
	55 (45.5-67)
	
	0.680

	Sex
	
	
	
	
	0.824

	Female
	17
	24.6
	52
	75.4
	

	Male
	7
	22.6
	24
	77.4
	

	Schooling (years) Median (RI)
	8.5 (6-10.5)
	
	9 (6-12)
	
	0.806

	Marital status
	
	
	
	
	

	Married / Co-habiting
	12
	22.6
	41
	77.4
	0.736

	Single
	12
	25.5
	35
	74.5
	

	Religious 
	
	
	
	
	0.422 

	Without religion
	0
	0.0
	2
	100.0
	

	With religion
	24
	24.5
	74
	75.5
	

	Previous occupation
	
	
	
	
	

	Self-employed
	7
	25.0
	21
	75.0
	0.846

	Agriculture
	1
	25.0
	3
	75.0
	

	Employed
	8
	28.6
	20
	71.4
	

	Student
	0
	0.0
	3
	100.0
	

	Homemaker
	8
	21.6
	29
	78.4
	

	Oncologic diagnosis 
	
	
	
	
	

	Head and neck
	2
	28.6
	5
	71.4
	0.695

	Unknown
	0
	0.0
	1
	100.0
	

	Gastrointestinal
	2
	20.0
	8
	80.0
	

	Gynecological
	6
	30.0
	14
	70.0
	

	Hematologic
	1
	25.0
	3
	75.0
	

	Liver and bile ducts
	1
	50.0
	1
	50.0
	

	Breast
	6
	31.6
	13
	68.4
	

	Skin and soft tissue
	3
	30.0
	7
	70.0
	

	Lung 
	1
	12.5
	7
	87.5
	

	Urological
	2
	10.5
	17
	89.5
	

	Karnofsky
	
	
	
	
	0.000

	   ≤ 70
	10
	47.6
	11
	52.4
	

	   ≥ 80
	14
	17.7
	65
	82.3
	

	PPI
	
	
	
	
	

	   A
	13
	17.3
	62
	82.7
	0.004

	   B
	10
	43.5
	13
	56.5
	

	   C
	1
	50.0
	1
	50.0
	

	ESAS
	
	
	
	
	

	Pain Median (RI)
	5 (0.5-8)
	
	0 (0-3)
	
	0.0004

	Fatigue Median (RI)
	7.5 (4.5-9)
	
	3 (0-5)
	
	0.0002

	Nausea Median (RI)
	0 (0-5)
	
	0 (0-0.5)
	
	0.026

	Drowsiness Median (RI)
	5 (0.5-8)
	
	0 (0-3.5)
	
	0.026

	Apetite Median (RI)
	5 (0-9.5)
	
	1.5 (0-4)
	
	0.000

	Well-being Median (RI)
	6 (2-8)
	
	2 (0-5)
	
	0.000

	Dyspnea Median (RI)
	0 (0-4.5)
	
	0 (0-0.5)
	
	0.002

	Insomnia Median (RI)
	0 (0-7)
	
	0 (0-3.5)
	
	0.009


PPI. Palliative Prognostic Index


Figure 1. Symptoms and their intensity in a group of patients with advanced cancers with and without depression 
[image: ]
Table 2. Logistic regression that explores the risk factors associated with the presence of depression disorder (N = 100).
	Variables
	OR
	p Value
	95% confidence interval 

	Karnofsky
	
	
	

	  ≥ 80 
	Ref.
	
	

	  ≤ 70 
	5.430254
	0.026
	1.219-24.070

	PPI
	
	
	

	  A
	Ref.
	
	

	  B
	0.7533244
	0.729
	0.152-03.729

	  C
	0.5378833
	0.727
	0.016-17.459

	Pain
	1.156
	0.197
	0.927-01.440

	Fatigue
	1.132697
	0.29
	0.899-01.426

	Nausea
	0.9532436
	0.703
	0.745-01.218

	Drowsiness
	1.15706
	0.153
	0.947-01.413

	Apetite
	1.039745
	0.696
	0.855-01.264

	Well-being
	1.041736
	0.697
	0.847-01.280

	Dyspnea
	1.00256
	0.983
	0.794-01.265

	Insomnia
	1.120416
	0.273
	0.914-1.373


PPI. Palliative Prognostic Index


Figure 2. Kaplan Meier curve of overall survival in patients with depressive disorder versus those who did not had depressive disorder.
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