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Abstract

Background: Brain-derived neurotrophic factor (BDNF) levels have been implicated in cognitive function and in
the regulation of mood disorders, like depression. The aim of this study was to investigate the cognitive deficits of
advanced cancer patients with depression and to assess the influence of various clinical factors on depression and
cognition.

Methods: Serum BDNF and plasma IL-6 were measured in patients treated for metastatic breast cancer
diagnosed with depression according to DSM |V criteria. Cognitive function was assessed by the Piaget tasks and
Verbal Learning and Memory Test, as a measure of short-term memory (STM) and long-term memory (LTM).

Results: 29 patients with depression were compared to 27 matched controls without depression in this study.
Even though both patient groups were of similar age, patients with clinical depression presented with a reduced
Karnofsky performance status 66%. The presence of clinical depression was dependant on higher IL-6 levels (29.3
vs. 7.1 pg/ml; p=0.001) and cancer activity (p=0.002, x2-test). BDNF had no direct association with depression.
However, IL-6 level was an independent predictor of BDNF (b=-0.41, p=0.005). Patients with depression showed
impairment of their ability to perform the Piaget tasks and a reduction in STM (4.0 vs. 6.8; p<0.001 and 18.9 vs.
32.3; p=0.003, respectively). Piaget tasks performance and STM were associated with lower BDNF levels (b=0.46,
p=0.001 and b=0.23, p=0.043).

Conclusions: Unlike IL-6, BDNF showed no association with depression in this population. Patients with low
BDNF-levels and depression however, achieved lower scores in STM and Piaget tasks. The inability to perform the

L

Piaget tasks adequately in this situation, demonstrates substantial difficulties in reasoning.

J
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Introduction

Brain-derived neurotropic factor (BDNF) has been shown to play a
key role in neuronal plasticity, especially in brain regions pertinent to
cognition and regulation of mood [1-3]. Depression is the most
common mood disorder in the advanced cancer setting and often
associated with an impaired cognitive function [4]. Depression and
cognitive dysfunction increase functional impairment, compliance
with therapy and reduce quality of life [5]. Like cancer, various diseases
associated with significant inflammation show high prevalence rates of
depression [6,7]. Thus, inflammatory cytokines, i.e. IL-6, have been
implicated in the pathophysiology of depression [8,9].

It is a common observation that sick patients, although appearing to
display normal mental capacity, might have difficulty thinking clearly
when presented with complex clinical choices. Patients with advanced
cancer are often forced to make important medical and financial
decisions, for which they don’t seem fit at that point in time. In the
presence of clinical depression these patients can face cognitive deficits
that make sound reasoning difficult.

Multiple studies have described a decline in cognitive function of
the following cognitive domains: learning and memory, processing

speed and executive function [10]. Most studies measured the
cognitive function in post-chemotherapy healthy breast cancer
survivors and patients receiving adjuvant chemotherapy [11-14]. A
variety of neuropsychological assessment tools has been used. To
increase the homogeneity of studies the International Cognition and
Cancer Task Force (ICCTF) has recommended 3 tests, which measure
learning and memory, processing speed and executive function: The
Hopkins Verbal Learning Test (HVLT-R), the Trail Making Test (TMT)
and the Controlled Word Association (COWA) of the Aphasia
Examination [15]. To explore the memory function capabilities of our
patients we applied the Verbal Learning and Memory Test (VLMT).
Since the proposed test for measuring the executive function
capabilities overwhelmed most of our advanced cancer patients,
specifically in terms of their limited attention span we chose to apply
the Piagetian tasks in an unusual manner in this situation.

The Piagetian tasks were developed to measure the cognitive
development of children [16]. They evaluate the mental abilities
necessary to take transitions of information into account and process
them correctly. For example, when fluid is poured from one container
into another container of different shape, the change in water level is
not indicative of change in quantity, a transition an adult brain can
perform.

This also applies to the logical reversibility of such a transition, such
as the remodeling of a ball of clay into a sausage and back into the
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original shape of a ball, does not include the loss of substance or mass.
Children learn to master these transitional tasks at the age of 6-10
years [17]. According to the classical models of cognitive development,
early stages before age 6 are characterized by such a cognitive and
perceptual bias, leading to this incorrect performance. This bias should
to be overcome when higher executive networks in the anterior
cingulate cortex and the prefrontal cortex develop at the age of 6-10
[18-20].

We conducted this cross-sectional study to examine cognitive
dysfunction in breast cancer patients with depression, by employing a
validated cognition test for short-term (STM) and long-term memory
(LTM) and applying the Piaget tasks in an unusual way. In addition, we
investigated the influence of various factors like BDNE IL-6 and
demographic factors on depression and cognition in this metastatic
setting.

Patients and Methods

Patients with advanced metastatic breast cancer were evaluated at
bedside for symptoms of depression. All patients were receiving their
current course of chemotherapy at time of evaluation. The same
investigator collected the blood samples and performed the cognition
tests like the MMSE, VLMT and the Piaget tasks. In addition,
demographic data like age, Karnofsky Performance Status (KPS),
hormone receptor status, location and number of metastasis, prior
adjuvant treatments, prior number of chemotherapy line was collected.

This study was approved by the institutional ethics committee, all
patients gave their informed consent.

All subjects presented themselves with a Mini-Mental state
Examination (MMSE) score of at least 24 [21]. Exclusion criteria were:
radiation therapy within the last 3 months, untreated endocrine
diseases, renal insufficiency requiring dialysis or any form of
neurological malfunction, i.e. meningeosis carcinomatosa, brain
metastasis or known diagnosis of affective disorders (even if treated).
None of the patients were receiving medication for treatment of
affective disorders, anticonvulsants or long-term steroid use (>8
weeks).

All participants completed the Hospital Depression Scale (HADS-
D) and underwent cognition testing (VLMT, Piaget tasks) on the same
day as the blood draw, before receiving chemotherapy. The HADS was
specifically developed for the assessment of depressive symptoms in
patients with somatic disease [22-24]. All patients with a probable
caseness of clinical depression (HADS-D scores >11) were further
examined with a structured clinical interview (SCID) according to the
criteria of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) [25].

Blood samples for the measurement of IL-6 and BDNF
concentrations were collected at 09:00 AM, before administration of
chemotherapy [26]. Plasma IL-6 and serum BDNF levels were
measured with commercially available ELISA kits [Immulite/Immulite
1000 IL-6, DPC Biermann Germany; Quantikine Human BDNF, R&D
Systems, Minneapolis, MN, USA] according to the manufacturer’s
instructions. Each essay was performed in duplicate. All samples were
assayed by personnel, who were blind to the identity of the study
subjects.

Learning and memory

The Verbal Learning and Memory Test (VLMT) is an advanced
version of the Rey Auditory-Verbal Learning Test (AVLT) and a
validated measure of verbal learning and memory in German language
[27-29]. The following two scores were used: total learning £Dgl-5
(consisting of a 15-item word list (List A) practiced over 5 learning
trials) and the delayed recall ZDg5-7 (the number of correct responses
from delayed recall of List A, after an intrusion List B).

The total learning process (XDgl-5) is a function of short-term
memory (STM) and represented by the acquisition and encoding of
information, whereas the delayed recall score (XDg5-7) reflects the
retrieval of items from memory, as a function of long-term memory
(LTM) [30,31].

Piaget tasks

The following 7 Piaget tasks were administered in the same order to
each patient:

Conservation of number: The patient is presented with two parallel
laid rows of marbles, each consisting of 4 marbles. Then the 4 marbles
in the one row are spread apart to double the length of the row. The
patient is asked if the two rows of marbles still have the same amount
of marbles.

Conservation of length: The patient was asked to pick two sticks of
equal length among a choice of three. The two equal sticks were placed
side by side and the patient was asked if the two stick were sill equal in
length. This procedure was repeated with the stick displaced both up
and to the left.

Conservation of volume: The patient is shown 2 identical containers
(such as urine collection cups) that contained an equal amount of
water. The patient was first asked to confirm their equivalence, than
the content of one container was poured into a different tall and
narrow container (i.e. test tube). Now the patient was asked if the two
liquid filled containers had an equal amount of water.

Conservation of substance: The patient was presented with two
equal balls of clay and asked to confirm the equal amount of clay
between the balls. One ball then was formed into a long sausage thin
rode. The patient was then asked if the two pieces of clay still were of
equal amount.

Conservation of area: Two same size pieces of paper (20 cm x 10
cm) were shown to the patient. One of the pieces of paper was cut into
5 stripes and laid end to end. The patient was then asked if the strips
were equal in area to the uncut paper.

Preservation of the horizon: An upright water glass picture, with the
water level drawn parallel to the bottom of the glass was shown to the
patient. Then a picture of the same water glass in a 45% tilted position
was shown and the patient was asked to draw in the water line.

Ability to classify: The patient is shown pictures of animals,
featuring ducks, non-duck birds, or non-bird other animals. The
patient is first asked to sort the pictures into 3 groups: A=ducks,
B=Dbirds (non-duck birds), C=other animals (non-bird animals), then
to put each picture into the accordingly labeled envelope (A: ducks, B:
birds, or C: animals). Patients where then asked if envelope A could
retain its label if envelope B was placed inside it. The same was done
with B and C.
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Statistical Methods

Descriptive analysis included absolute and relative frequencies for
categorical variables, as well as mean, standard deviation, median and
range for numerical measurements. For univariate group comparisons
between categorical variables and patients groups (depression vs. no
depression), the Chi square test, for small sample sizes, the Fisher’s
Exact test were applied, as appropriate.

The Wilcoxon-Test for independent samples was used to assess the
degree of variance of continuous variables between the two patient
groups (depression vs. no depression). Correlations were evaluated
using the Spearman’s correlation coefficient. All results were
considered significant at p<0.05 (two-tailed).

A multiple logistic regression analysis was performed to identify
independent predictors (IL-6, BDNE age, KPS, Tumor activity) for
depression. In addition, linear regression was applied to determine the
independent influence of various variables on BDNF and the ability to

perform the Piaget tasks. The resulting models were obtained after
forward and backward selection. For comparability, standardized
regression coefficients are presented as well.

Results

Twenty-nine patients were diagnosed with clinical depression and
27 matched cancer patients with no history of depression were
recruited for comparison. All 29 patients identified in the HADS
probable caseness of clinical depression satisfied the diagnostic criteria
for depression according to DSM IV. The 56 female participants
evaluated, had a mean age of 60 years and presented themselves with a
reduced KPS of 66%. 95% of the women had visceral metastasis, with
metastasis of the liver being in 75% most frequent. All patients were
being treated with chemotherapy starting either on a new regime due
to progression (64%) or continuing with the next cycle if patients were
classified as stable disease (36%) (Table 1).

Variable

All Patients (n=56)

Mean age (SD)

60 years (+12.1)

Karnofsky Performance Status (SD)

66% (+10.2)

Previous adjuvant treatment n (% of patients)

Chemotherapy

39 (69%)

Endocrine therapy

17 (231%)

Number of metastatic sites

1 5 (6%)
2 20 (39.3%)
>3 31 (54.7%)

Metastatic sites n (% of patients)

Visceral metastases

53 (95%)

Lung 21(39.1%)
Liver 42 (75%)
Bone 38 (67.9%)

Hormone receptor status (%)

Positive

35 (62%)

Negative

21 (38%)

Table 1: Characteristics of patients with metastatic breast cancer.

Table 2 shows a comparison of the characteristics of patients with
and without depression. Patients with depression showed a lower
performance status (63% vs. 70.4%; p=0.03). In addition, depression
was associated with higher levels of inflammation, expressed by
elevated plasma IL-6 concentration (29.3 vs. 7.1 pg/ml; p=0.001).
Symptoms of depression were strongly correlated with levels of IL-6
and reciprocal with KPS (r?=0.56, p<0.001 and r2=-0.35, p=0.011,
respectively). The presence of depression was also dependent on cancer

activity (i.e. progressive disease (Chi-square: 8.5; degrees of freedom
(df): 1; p=0.002). Depression was not influenced by age, hormone
receptor status (p=0.48, x>-test) or prior number of chemotherapy lines
(p=0.13, x*-test). (Depression vs. no Depression). Variables are
presented as mean values and standard deviations. For univariate
group comparison, the X2-test and the t test or, in case the normal
distribution assumption being violated, the Mann-Whitney’s test was
performed.
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Characteristic Depression (n=29) No Depression (n=27) P value
HADS-D-Score (0-21) 13.7+27 45+22 p<0.001
Age (years) 61+10.9 59+9.5 p=0.52

p=0.03
KPS' (%) 63+10.7 704 +12.7
Number of prior chemotherapy lines%
1 11 13
2 57 46
3 20 25 p=0.71
4 12 16
Hormone receptor status
Positive 19 16 p=0.49
Negative 10 11
Tumor-status
SD2 8 12 p=0.002
PD?3 21 15
IL-6 (pg/ml) 29.3 +30.1 7.1+10.8 p=0.001
BDNF (pg/ml) 25.1+24.1 33.1+24.2 p=0.26
Cognition
STM#: Dg1-5 18.9+6.9 32.3+10.5 p=0.003
LTM3: Dg5-7 42+20 3.1+1.8 p=0.1
Piaget Score (1-7) 40+1.2 6.8+0.8 p<0.001

Karnofsky Performance Status; 2Stable Disease; 3Progressive Disease; “Short-term memory; Long-term memory

Table 2: Comparison of demographics between both patients groups (depression vs. no depression).

After multiple logistic regression analysis with depression as the
dependent variable and age, KPS, Tumor activity IL-6 and BDNF as
the independent variables, only IL-6 was an independent predictor for
depression (odds ratio (OR)=1.5; 95%CI, 1.0-1.9 (p=0.02). BDNF
showed no association with clinical depression or depressive symptoms
(p=0.26). BDNE, on the other hand, showed a strong correlation with
IL-6 (r?=0.52, p<0.001). In linear regression analysis, only IL-6 was
independently associated with BDNF negatively (b=-0.41, p=0.005).
BDNF also was positively correlated with parameters of cognition
(short-term memory: r?=0.50, p=0.02; Piaget-Score: r?=0.44, p=0.01)
(Figure 1).

Patients with clinical depression showed significant impairment of
their ability to perform the Piaget tasks (4 vs. 6.8; p<0.001). In
addition, short-term memory was also reduced in depression (VLMT
Dgl-5) (18.9 vs. 32.3; p=0.003). The ability to perform the Piaget tasks
was directly correlated with the level of depression (r?=-0.65, p<0.001)
(Figure 2), IL-6 (r?=-0.59, p<0.001), BDNF (r?=0.44, p=0.01) and
short-term memory (r?=0.77, p<0.001).
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Figure 1: Piaget task score vs. BDNF (pg/ml): r?=0.44, p=0.01.
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Linear regression analysis showed that performance of the Piaget
tasks was predicted in-dependently only by BDNF level and short-term
memory (b=0.23, p=0.043 and b=0.46, p=0.001, respectively). The
prior number of chemotherapy lines (b=-1.1; p=0.42), KPS (b=1.4;
p=0.51) or age (b=-1.8; p=0.12), had no influence on the ability to
perform the Piaget tasks. Only LTM was reduced by a poor KPS
(b=-0.31; p=0.03).

25

HADSD

| T T
4 5

Piaget

P o=
[*5)

(=
) ]

Figure 2: Level of depression (HADS-D) vs. Piaget task score,
r=-0.65, p<0.001.

Discussion

The aim of this study was to investigate the cognitive deficits of
advanced cancer patients with depression and to highlight the
influence of various clinical factors associated with such an advanced
stage on depression and cognition in a hospital setting.

29 patients were diagnosed with clinical depression while receiving
chemotherapy at an oncology unit. Unsurprisingly patients with
depression showed a lower performance status, compared to patients
without depression, however in a similar cancer setting. Patients with
depression expressed higher levels of IL-6, indicating more
inflammation. This finding is further supported, by the strong
association of depression with cancer activity, i.e. progressive disease.
Cancer progression is characterized by a marked increase in
inflammatory markers, like IL-6 [32,33]. The influence of IL-6 on
depression has been shown extensively in somatic healthy patients and
patients with metastatic cancer [34,35].

In search of further depression markers, we examined the role of
BDNE a driving force of neuroplasticity and neurogenesis in the
hippocampus. The hippocampus is a crucial brain structure implicated
in cognitive function and in the regulation of mood disorders, like
depression [36,37].

BDNF however, showed no association with depression in patients
with advanced metastatic cancer. Studies evaluating somatic healthy
patients suggest BDNF to play a pivotal role in neuroplasticity and
depression [38]. However, there seem many unknown confounding
factors surrounding the evaluation of BDNF, which have also resulted
in negative trials. Besides factors such as age, sex, the optimal method

for assessment of BDNF in the blood (serum vs. plasma) and the actual
potential of BDNF to cross blood-brain barrier, the release of BDNF
stored in platelets is serious confounding factor in this assessment we
didn’t account for in this cancer patient population [39,40].

Of the three parameters of cognition (STM, LTM and Piaget tasks),
only STM and Piaget tasks were impaired when associated with
depression.

BDNF implicated to be a driving force of neuroplasticity and
neurogenesis in the hippocampus was interestingly independently
negatively influenced by IL-6. This finding supports the hypothesis that
inflammation reduces neuroplasticity by down-regulation of BDNF as
the underlying pathophysiology of depression [3]. BDNF emerged as
strong positive determinant of short-term memory and Piaget tasks.

Very few studies have investigated the cognitive deficits in advanced
cancer patients receiving chemotherapy and being burdened by
depression. The ICCTF neuropsychological test recommendations
were made in the context of data pertaining to healthy post-
chemotherapy breast cancer survivors and in the adjuvant setting. We
would therefore argue that the wvalidity of this formal
neuropsychological test in the advanced cancer setting can be
challenged. Especially measuring the domain executive function
requires a reasonable attention span, not always given in this advanced
cancer situation. We decided therefore to apply the Piaget tasks, as a
descriptive measure of visual-spatial judgment and reasoning, as
functions of executive function. The Piaget tasks can be performed
easily at the bedside, are short in duration (10 min) and proved to be
feasible in the context of a reduced attention span. The relevance of the
Piaget tasks as a measure of cognitive ability has not been validated in
adults with cancer either. Its results can therefore only be thought as
hypothesis generating, and were not meant to substitute for
comprehensive neuropsychological assessment.

A current discussion in developmental psychology exists, whether
such cognitive and perceptual biases of early childhood still remain as
relicts in adults [41,42]. To succeed at the Piaget task, children have to
inhibit a misleading strategy, the visual-spatial bias, by activating a
higher executive network of the anterior and frontal cortex [43,44]. In
our study, performance in the Piaget test was positively associated with
the level of BDNF and negatively by the presence of depression. This
leaves room for speculation, that the higher executive network in the
anterior and frontal cortex, which is necessary to overcome the
cognitive and perceptual bias, is possibly inhibited in the state of
depression. BDNF on the other hand could strengthen this
mechanism.

Due to the cross-sectional study design and possible confounding
factors unaccounted for, like the BMI, education level, smoking and
influence of the pain medication (i.e. Opiates), the results can only be
seen as hypothesis generating.

However, some interesting observations could be made. All patients
past the MMSE and did not suggest impaired cognition. The findings
of especially the Piaget task test however, seem troubling, since these
same patients are forced to make serious decisions that require
reasoned consideration. Even though the patients exhibited reasoning
abilities similar to those of children between the ages of 6-10 years,
they should by no means be seen as childish. They are confronted with
a flood of information concerning treatment implications, giving
informed consistent to treatment, study participation and possibly
other financial issues. Not always are decisions made in the best
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interest on behalf of the patient. A prior knowledge of this state of 21. Folstein MFE, Folstein SE, McHugh PR (1975) Mini-Mental State (a
p % g 8
reasoning could facilitate faster support. practical method for grading the state of patients fort he clinician).
Journal of Psychiatric Research 12: 189-198.
22. Zigmond AS, Snaith RP (1983) The Hospital anxiety and depression scale.
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