Association between baseline serum vascular endothelial growth factor levels and response to electroconvulsive therapy
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Abstract

Objective

Several studies have shown that vascular endothelial growth factor (VEGF) is implicated in different neuronal processes involved in major depressive disorder (MDD) and in the mechanisms of action of antidepressants. The aim of this study was to investigate whether VEGF serum levels before treatment might be associated with the antidepressant response.

Method

Two groups of patients were enrolled. One was composed of 50 MDD patients receiving an antidepressant drug treatment. Illness severity was measured before the treatment (T0) and after 12 weeks (T1). The second group was composed of 67 treatment-resistant depressed (TRD) patients undergoing electroconvulsive therapy (ECT). Illness severity was assessed before the treatment (T0) and 1 month after the end of ECT (T1). Blood samples for VEGF measurements were collected for both groups at the baseline (T0).

Results

A significant correlation was observed between baseline VEGF serum levels and the percentage reduction in depressive symptomatology after ECT (P = 0.003). In particular, VEGF levels at baseline were significantly lower in patients showing no response to ECT at follow-up (P = 0.008). No correlation between T0 VEGF concentrations and drug treatment outcome was found.

Conclusion

Our results suggest that VEGF plays a role in the mechanism of response to ECT.

Significant Outcomes

A significant correlation has been shown between VEGF baseline serum levels and response to ECT. The identification of predictive clinical and biological markers could be helpful for the personalization of ECT treatment.

Limitation

The patients who undergo ECT were in pharmacological treatment, and this could represent a possible confounder.
Introduction

The vascular endothelial growth factor (VEGF) was originally described as a vascular permeability factor and an angiogenic mitogen [1]. It was later found to be expressed in the brain and subsequently implicated in neuronal processes regulating growth, differentiation, survival, neuroprotection and regeneration [2-4]. VEGF has been recently investigated as a potential biomarker for major depressive disorder (MDD), as it represents a strategic mediator of neural processes involved in MDD pathogenesis, however, the results are contradictory [5-8]. In particular, two studies [5, 7] revealed increased concentrations of VEGF in MDD patients compared with controls, whereas another work [6] reported no difference. Furthermore, in healthy subjects, VEGF was negatively associated with depressive mood trait [8]. 

The literature indicates that VEGF may be a common downstream target of both pharmacological and non-pharmacological antidepressant treatments. Studies on animal models have shown that the increase in hippocampal VEGF expression is required for the neurogenic and behavioural actions of different antidepressant drugs, such as SSRIs and SNRI [9, 10]. Regarding non-pharmacological treatments, VEGF has been shown to be strongly upregulated in the hippocampus by electroconvulsive seizures (ECS) in animal models [10-12] and may represent an essential mediator of the neurogenic effect of ECS in the adult brain [10]. In our previous work, we provided evidence supporting the involvement of VEGF in the antidepressant mechanism of electroconvulsive therapy (ECT), which revealed a significant increase in serum VEGF in depressed patients after ECT. Furthermore, we found a significant correlation between this increase and the reduction in symptomatology [13]. In addition, a recent study showed that sleep deprivation treatment was associated with an increase in plasma VEGF levels in depressed patients [14].

To date, MDD treatment shows large interindividual differences in patients' clinical response: only about one-third of patients experiences full remission after the first treatment trial [15] and approximately 15% of MDD patients are classified as resistant or refractory (treatment-resistant depression, TRD) [16]. Consequently, the identification of measurable biological markers in vivo, along with non-invasive methods, could be of great value for differential diagnosis and for the optimization of patient treatments. In particular, greater relevance may come from the identification of predictive biomarkers, which are pretreatment measurements used to identify patients who are more likely to benefit from a specific therapy. Proteomic biomarkers that are predictive of treatment response in MDD remain in very early stages of development and, to date, few studies have been directed at identifying biomarkers related to different treatments and responses in depression [17]. Recent studies indicated preliminary data about a possible usefulness of the brain-derived neurotrophic factor (BDNF) as a predictive marker for antidepressant drug treatment outcome in MDD patients [18-20].

Aims of the study

The aim of our study was to investigate whether Vascular Endothelial Growth Factor serum levels might be associated with the treatment response to both antidepressant drugs and electroconvulsive therapy treatment.
Material and methods

One hundred and seventeen (DSM-IV) MDD patients were voluntarily enrolled in the study, which was approved by the local ethics committees, and written informed consent was obtained. Diagnosis of unipolar depression was confirmed using the SCID-I diagnostic structured interview. Exclusion criteria were as follows: (i) mental retardation and cognitive disorders; (ii) a lifetime history of schizophrenic, schizoaffective or bipolar disorder; (iii) personality disorders, obsessive–compulsive disorder, post-traumatic stress disorder, as primary diagnosis; (iv) comorbidity with eating disorders, substance abuse or dependency.

A first group of 50 patients (Group 1: drug treated) were referred to the Psychiatric Rehabilitation Unit of IRCCS Centro S. Giovanni di Dio FBF, Brescia, to the Mood and Anxiety Disorders Unit of the University of Turin and to the Department of Psychiatry of the Central Hospital of Bolzano, Italy, to receive antidepressant treatment. Twenty-six patients were ‘drug naïve’ which had never received previous treatment with any antidepressant drug, while twenty-four were ‘drug free’, who had been previously treated with one or two antidepressants and had a washout period lasting at least 2 weeks. Thirty-seven patients were treated with SSRIs, and the other patients were treated with SNRIs or TCAs. Illness severity was assessed by the Montgomery and Asberg Depression Rating Scale (MADRS) before the start of the new antidepressant treatment (T0) and after 12 weeks of treatment (T1).
A second group of 67 subjects (Group 2: ECT treated) referred to the Psychiatric Hospital ‘Villa Santa Chiara’, Verona, Italy, and were scheduled to undergo ECT, because they had been evaluated as TRD patients. Treatment resistance to antidepressants was defined as at least the failure of the patient to respond to two or more adequate trials of two or more different classes of antidepressants and to an adequate trial of a tricyclic (TCA) drug referred to Stage III of Thase and Rush Staging Method [21]. Forty-six (69%) patients exhibited psychotic symptoms; furthermore, 31 (46%) showed comorbidity in Axis I and Axis II disorders as a secondary diagnosis. Patients were maintained on the same pharmacological treatment for at least 3 weeks before ECT treatment. Thirty-eight patients were treated with SSRIs in monotherapy or in combination with other agents; 28 patients were treated with other antidepressant drug classes, and 49 patients were treated with antipsychotic drugs. Illness severity and the outcome of ECT were assessed using the MADRS before the treatment (T0) and 1 month after the end of ECT (T1). In the month after the end of ECT, the pharmacological treatment was maintained the same, with only a possible light reduction in dosage. Any medications, in particular benzodiazepines, that reduce ECT efficacy are in general reduced or eliminated in the patients' daily treatment on the basis of the clinical judgment of the treating physicians. The mean number of ECT treatments received was 7.64 ± 2.57, and the treatment was completed on the basis of the clinical judgment of the treating physicians. ECT was performed with standard settings [22] with a bipolar brief pulse square wave and bilateral electrode placement [23], that is, two stimulus electrodes were placed over the left and right frontotemporal scalp. The ECT procedure has been described in detail elsewhere [13].

Serum VEGF determination

Venous blood samples were collected between 8:00 and 9:00 a.m. after an overnight fast in anticoagulant-free tubes. Samples were kept at room temperature for 1 h followed by 1 h at 4°C before serum separation by centrifugation (1620 rcf for 15 min at 4°C). Serum samples were stored at −80°C until the assay was performed. VEGF levels were measured in duplicate using an enzyme-linked immunosorbent assay (ELISA) method (Human VEGF Quantikine kit, R&D Systems, MN, USA) following the manufacturer's instructions. VEGF content was expressed as pg of protein/ml of serum, with a detection limit of 9 pg/ml.

Blood samples for VEGF measurements were collected at T0 for all the patients.
Statistical analysis

Demographic and clinical characteristics in our patient samples were described either in quantitative terms of mean ± standard deviation (SD) or as percentage proportions. Analysis of variance (anova) was used for computing possible differences, whereas the chi-square (χ2) test was used to evaluate categorical variables, along with clinical and biological changes. Pearson's coefficient was used to evaluate bivariate correlations.

The identification of the VEGF cut-off score was made using receiver operating characteristic (ROC) curve analysis. The area under the curve (AUC) is a measure of the overall discriminative power. A value of 0.5 for the AUC represents the absence of discriminative power, whereas a value of 1.0 indicates perfect discrimination. The curve shows different probabilities (different decision cut-points of the logistic model) of a patient to achieve or not achieve response to ECT.

Moreover, we have computed the positive and negative predictive values (PPV and NPV), which respectively indicate the probability of achieving or not achieving the response given an above/under threshold VEGF level.

All analyses were conducted using SPSS Version 17.0 statistical software (SPSS Inc. Chicago, IL).
Results
Considering the whole group, no significant correlation was detected between VEGF levels at the baseline (T0) and gender (P = 0.10), age (P = 0.13), BMI – body mass index (P = 0.41), smoking (P = 0.23) and T0 MADRS scores (P = 0.42). The group treated with antidepressant drugs differed from the one treated with ECT in the categories of age, education, BMI and illness severity at the baseline (for all features at the baseline of both groups see Table 1).

	Baseline characteristics
	Drug treated (N = 50)
	ECT treated (N = 67)
	P-value

	Age (years), mean (SD)
	41.0 (13.7)
	54.7 (15.0)
	<0.001

	Gender (F), n (%)
	35 (70.0)
	47 (70.1)
	0.99

	Education (years), mean (SD)
	11.7 (2.9)
	8.4 (3.9)
	<0.001

	BMI, mean (SD)
	24.0 (3.2)
	26.8 (5.0)
	<0.001

	% Smokers
	47.5
	52.5
	0.36

	MADRS at T0, mean (SD)
	24.9 (5.0)
	33.7 (6.6)
	<0.001

	VEGF at T0, mean (SD) pg/ml
	360.27 (210.41)
	377.72 (206.44)
	0.65

	% Responders
	72.0
	68.7
	0.70

	% psychotic symptoms
	0%
	69%
	<0.001

	% of recurrent MDD
	29%
	93%
	<0.001


Table 1. Demographic, clinical and biological features at the baseline both for the depressed patients treated by antidepressant drugs and for the treatment-resistant depressed patients undergoing electroconvulsive therapy

Regarding Group 1 (drug treated), the antidepressant drug treatment reduced depression symptomatology as measured with MADRS (T0 = 24.94 ± 5.02; T1 = 10.00 ± 8.82; F1,49 = 146.50; P < 0.0001), and 72.0% of the patients were considered responders (patients were defined as responders if percentage MADRS reduction at T1 was >50%).

No significant correlation was found between baseline VEGF serum levels and the percentage MADRS score reduction (ΔMADRS%) (P = 0.25) and between baseline VEGF level and response (P = 0.24), demonstrating a lack of predictive power of VEGF levels at T0 for the drug treatment.

Regarding Group 2 (ECT treated), the ECT treatment reduced depression symptomatology as measured with MADRS (T0 = 33.69 ± 6.60; T1 = 12.72 ± 11.55; F1,66 = 197.50; P < 0.0001), and 68.7% of the patients were considered responders.

A significant correlation was found between baseline VEGF levels and ΔMADRS% (T0 VEGF 377.72 ± 206.44 pg/ml; ΔMADRS 61.91% ± 32.83%; r = 0.35; P = 0.003). The t-test indicated that VEGF serum levels at baseline were significantly lower in patients that showed no response to ECT treatment at follow-up (responders T0 VEGF 422.05 ± 200.25 pg/ml; non-responders T0 VEGF 280.63 ± 189.73 pg/ml; P = 0.008; Fig. 1).
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Figure 1. Difference of the VEGF serum levels at baseline between patients that did or did not respond to ECT treatment by the time of follow-up. Error bars show mean ± 1.0 SD.
As we found a significant association between response and the presence of psychiatric comorbidity (P = 0.02), a logistic regression was used to adjust the result, and the effect of VEGF serum levels on the ECT outcome remained highly significant (P = 0.02). No significant association was found between presence of psychosis and ECT response (P = 0.74).
Receiver operating characteristic (ROC) curve for predicting response showed an AUC = 0.72. In our model, the best fitting decision rule (referred to as ‘prediction’) was a VEGF serum concentration of 191.36 pg/ml at the baseline, revealing a sensitivity of 93.5%, a specificity of 42.9%, a PPV of 78.2% and a NPV of 75.0%.
Discussion

Our results have not shown any significant correlation between baseline VEGF serum levels and response to antidepressants, confirming our previous study regarding a lack of involvement of VEGF in antidepressant drug treatment in depressed patients [6]. In literature, only a recent study has evidenced an association trend between higher baseline VEGF plasma levels and poorer response to antidepressants [24], even though the sample size was extremely limited and consisted of patients with both MDD and bipolar disorder diagnosis.

In parallel, we have highlighted a significant correlation between baseline VEGF levels and response to ECT. This suggests that the VEGF content before treatment may provide a neurotrophic support in TRD patients undergoing ECT and therefore could represent one of the factors influencing the treatment response. These data go in the same direction of our previous study [13] showing a significant increase in the VEGF serum content following ECT and support a role of VEGF in the efficacy of this non-pharmacological antidepressant therapy.

Neurogenic and neurotrophic hypothesis of depression assumes that development of this disease is, at least partially, related to the reduced neurogenesis and/or depletion of neurotrophic factors. A low concentration of trophic factors, such as BDNF and/or VEGF, can contribute to the progression of depression [5, 25, 26]. A neurotrophic/neuroprotective role for VEGF has been widely demonstrated. Studies of cultured neurons subjected to hypoxia showed that endogenous VEGF exerts a neuroprotective effect, and in parallel, exogenous VEGF administered to rat brains can reduce ischaemic infarct and hypoxic neuronal death [27]. Moreover, the increase in hippocampal VEGF expression is required for the therapeutic action of antidepressants [9, 10], and hippocampal neurogenesis seems to be essential for the effectiveness of these drugs because its suppression has been shown to prevent their effects in behavioural animal models of depression [28].

We hypothesize that an anomalous VEGF regulation in TRD patients, and a consequent decrease in neurotrophic support, could represent one of the reasons for a lack of response to ECT.

Vascular Endothelial Growth Factor (VEGF) is also directly involved in the mechanism of action of ECT, as shown by studies in animal models, where it has been described to be strongly regulated in the hippocampus by electroconvulsive seizures (ECS) [11, 12, 29] VEGF signalling is necessary and sufficient to produce ECS induction of quiescent neural progenitor cell proliferation [29]. It is interesting to note that ECS can increase both neuronal and endothelial cell expression of VEGF in the brain [9].

Furthermore, another intriguing hypothesis regarding the role played by VEGF in antidepressant mechanisms can be formulated considering that it has been shown to downregulate the activity of multiple drug resistance (MDR) P-glycoprotein (a drug efflux transporter) at the brain–blood barrier (BBB) [30], resulting in an increased brain content of its substrates, which include antidepressant drugs [31]. As ECT may increase VEGF levels [10-12] and was mainly administered to subjects receiving antidepressant medication, it could augment the cerebral concentration of these drugs. In TRD patients, a low VEGF level could contribute to a low cerebral concentration of antidepressant drugs, which could not be sufficient to produce an adequate therapeutic response. However, it remains unclear whether serum concentrations reflect VEGF expression in the central nervous system; however, at this regard, a study reported a parallel alteration of VEGF serum and CSF (cerebrospinal fluid) levels in subjects with neurotuberculosis [32].

Our significant effect in TRD represents an important finding since approximately one-third of real-world MDD patients show an insufficient response to various drug treatments, and approximately 15% of MDD patients have significant depression despite aggressive pharmacologic and psychotherapeutic approaches, and for this reason, they are classified as TRD [16, 33]. In this scenario, despite controversial issues, ECT remains one of the most eligible therapies among TRD patients or intolerance to antidepressant medications or when a rapid and definitive response is required (e.g. because of psychosis or a risk of suicide) [23, 34]. Moreover, to date, meta-analyses have shown that ECT is more efficacious than simulated ECT and also more efficacious than antidepressant drugs [34]. With the aim to attain a reasonable balance between effectiveness and safety, the identification of predictive markers, both biological than clinical, associated with the response to the ECT could allow the clinicians to classify patients as good or poor candidates for ECT treatment and/or plan other options. Indeed, it might be possible to arrange in advance a plan of care that provides the integration with other non-pharmacological therapies, such as psychotherapy procedures [35, 36]. The available evidence suggests that the combined use of ECT and psychotherapy may confer additional, positive functional outcomes [36]. Moreover, the identification of TRD patients who could obtain a real benefit from ECT could be relevant for avoiding the immediate exclusion of ECT as a potential treatment. In fact, in many countries, the choice of this treatment is still largely governed by the principle of ‘ultima ratio’ [37], where patients are treated with ECT only after complex and controversial combinations of drugs or time is consuming for non-evidence-based psychotherapy, resulting in a high suffering of patients and their families.

The applicability of the VEGF serum measurement as a biomarker is limited as the ROC curve analyses indicated a high sensitivity but a low specificity and further studies in larger and independent samples are necessary for the confirmation of these first findings. On the other hand, the association of serum VEGF with ECT response remained significant after the correction for clinical predictors of poorer outcome as psychiatric comorbidity demonstrating the robustness of the results. At this regard, replications in larger samples may be helpful also to evaluate the added value of VEGF dosage in relation to other clinical predictors of response and other putative molecular markers.

A limitation of our study is the heterogeneity of antidepressant drugs administered to TRD patients undergoing ECT, which makes it difficult to define a possible augmentation effect of ECT and/or VEGF for specific drug classes, as the sample is too small for this subanalysis.

In conclusion, these results suggest that VEGF might play a role in the mechanism of ECT, and the dosage of serum VEGF might be helpful, together with other clinical and biological markers, for the prediction of response for the improvement of the remission rate and lower healthcare costs.
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