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Abstract

Purpose We performed a cross-sectional study of neurocognitive function in non-brain cancer patients treated with long-
term bevacizumab.

Methods/patients From 2015 to 2017, we included patients with different types of cancer treated with bevacizumab with
or without chemotherapy (BEV; N=20) or only chemotherapy (ChT; N=19) for at least 34 weeks, patients who received
non-brain radiotherapy (RxT; N=19), and healthy controls (HC; N=19) were assessed once at week 34 of treatment (BEV
and ChT) or at completion of radiotherapy. Neurocognition was evaluated with the Hopkins Verbal Learning Test-Revised
(HVLT-R) total and delayed recall, the Trail Making Test A and B, and the Controlled Oral Word Association Test in the
four groups. Non-parametric tests were used to assess differences between groups.

Results The BEV, ChT, and RxT groups scored significantly lower than the HC group on all tests and especially on the
HVLT-R total recall. In no case were the mean scores of the BEV group significantly lower than those of the ChT or RxT
groups.

Conclusions Neurocognitive impairment was seen even in patients treated with local non-brain radiotherapy. Treatment with
bevacizumab for a long period of time does not seem to worsen neurocognitive function to a greater extent than chemotherapy.

Keywords Bevacizumab - Neurocognition - Non-brain cancer - Cancer - Radiotherapy - Chemotherapy

Introduction

Bevacizumab is a recombinant humanized monoclonal IgG1
antibody that binds to vascular endothelial growth factor
(VEGF) to inhibit angiogenesis, resulting in the inhibi-
tion and regression of newly formed vasculature and the
alteration of vascular function and tumour blood flow [1].
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It is approved by the US Food and Drug Administration for
the treatment of glioblastoma in the recurrent setting and
of colorectal, lung, kidney, cervical, and ovarian cancers
in several settings. VEGF-A is a key regulator of tumour-
associated angiogenesis in glioblastoma, which is a highly
vascularised tumour where the presence of abnormal new
vessels is a marker for histological diagnosis. The accel-
erated FDA approval of bevacizumab for the treatment
of recurrent glioblastoma was based on the results of two
phase II studies that showed an improvement in 6-month
progression-free survival (PFS) and objective radiographic
responses higher than those described in historic controls [2,
3]. In contrast, neither of the two phase III randomized trials
in the first-line setting (AVAGLIO [4] and RTOG 0825 [5])
comparing standard treatment (radiotherapy with concurrent
and adjuvant temozolomide) with or without the addition of
bevacizumab showed an improvement in overall survival for
patients treated with bevacizumab [4, 5]. Several other well-
designed phase II and III trials in the first-line and recurrent
settings showed similar results: an increase in PFS without
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a consistent impact on overall survival [6, 7]. Nonetheless,
bevacizumab is currently used to treat glioblastoma in the
recurrent setting and is included as a useful treatment in the
guidelines of both the European Association of Neurooncol-
ogy [8] and the National Comprehensive Cancer Network
(https://www.nccn.org/professionals/physician_gls/pdf/cns.
pdf).

A net clinical benefit substudy in the RTOG 0825 trial [5]
found a deterioration of neurocognitive function in patients
treated with bevacizumab that was first seen at week 22 and
was statistically worse at week 34 of treatment. These find-
ings led to a certain degree of mistrust of bevacizumab as
a first-line treatment of glioblastoma, as it seemed that the
3—4 months of PFS benefit conferred by bevacizumab were
obtained at the cost of neurocognitive decline. Neurocogni-
tive function is clearly a crucial factor in patients with brain
tumours, many of whom present with neurocognitive deficits
that tend to worsen over the course of the disease [9].

There are several possible explanations for the neurocog-
nitive deterioration reported in the RTOG 0825 trial. It may
have been partly due to an underestimation of the infiltrative
progression pattern, since FLAIR sequences, which evaluate
this infiltrative progression, were not part of the response
criteria in the trial. Thus, patients could have been errone-
ously considered progression-free when they were in fact
progressing and accumulating neurocognitive impairments.
Alternatively, the deterioration could have been the result
of the combinatory effect of bevacizumab and radiotherapy,
rather than that of bevacizumab alone. Finally, bevacizumab
may have been the sole cause of the deterioration, which
may have been detected in this trial and not in others sim-
ply because neurocognitive assessments are not generally
included in trials of non-brain cancers.

To shed light on this third alternative, we have assessed
neurocognitive function in non-brain cancer patients without
previous neurological disease or brain metastases who were
treated with bevacizumab for at least 34 weeks. We com-
pared the bevacizumab-treated patients with healthy con-
trols and with cancer patients who received chemotherapy
or radiotherapy without bevacizumab.

Materials and methods
Patients

This study was designed to include non-brain cancer patients
treated at the Medical and Radiation Oncology Services of
the Catalan Institute of Oncology at Hospital Germans Trias
i Pujol between 2015 and 2017. We designed a four-arm
prospective study to enrol non-brain cancer patients in four
types of individuals: the BEV group included patients with
cancer who were treated with bevacizumab, with or without
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chemotherapy, for at least 34 weeks; the ChT group included
patients with cancer who were treated with chemotherapy
alone for at least 34 weeks; the RxT group were patients
with cancer who were treated with radiotherapy alone; and
the HC group included randomly selected persons without
cancer working at the hospital in different capacities. For
each patient included in the BEV arm, we included one
patient in each of the other arms, starting with the ChT
group, followed by the RxT group, and finally the HC group.
Individuals with previous or current neurological disease,
brain metastases or primary central nervous system tumors
were excluded from the study. Patients should be at least
18 years old and sign the Informed Consent form before
participating in the study.

Participants were asked to provide information about their
socio-demographic background in an interview and clini-
cal information was obtained from patient medical records.
We recorded information about age, sex, handedness, edu-
cational level, Eastern Cooperative Oncology Group per-
formance status (ECOG PS), disease characteristics, cancer
treatments, and concomitant medications.

Neurocognitive assessments

The study was designed as a cross-sectional study to assess
the neurocognitive status of a patient at a given time. There-
fore, only one full neurocognitive assessment was done for
each individual. The assessment was performed at week
34 in the BEV and ChT groups, after completion of radio-
therapy in the RxT group, and at an unspecified time in the
HC group.

Short- and long-term memory were assessed with the
Hopkins Verbal Test-Revised (HVLT-R), processing speed
with the Trail Making Test A (TMT_A), executive function
with the Trail Making Test B (TMT_B), and verbal fluency
with the Controlled Oral Word Association Test (COWAT).

The HVLT-R is a verbal learning and memory test in
which an individual is asked to learn and recall a list of
12 nouns. The test includes three parts: total recall (TR),
20-min delayed recall (DR), and yes/no delayed recogni-
tion (RECOG). The RECOG test was not included in the
present study. The HVLT-R is administered by reading the
list of words aloud and then asking the individual to repeat
the words—immediately and after 20 min. The result of
the TR and DR is between 0 and 12, according to the mean
number of words recalled in both parts of the test.

The TMT_A and the TMT_B consist of 25 circles dis-
tributed over a sheet of paper. In the TMT_A, the circles are
numbered 1-25 and the individual is asked to draw lines to
connect the numbers in ascending order. In the TMT_B,
the circles include numbers (1-13) and letters (A-L). The
patient is asked to connect the circles in ascending order
alternating numbers and letters (1-A-2-B-3-C, etc.). The
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patient is instructed to connect the circles as quickly as pos-
sible, and scores are based on the number of seconds needed
to complete the task. We adjusted the number of seconds
according to the age and educational level of our subjects
[10], obtaining percentile scores, where < 26 was considered
below average.

The COWAT is a lexical fluency test that measures spon-
taneous verbal production of words beginning with a specific
letter of the alphabet (on three tasks with a total of three
letters) in 1 min. The score is calculated as a z value based
on the mean number of words produced with all three let-
ters (mean), the standard deviation (SD), and the normative
mean for the healthy population (x), according to the fol-
lowing formula:

= Mean — x
SD

Z < —0.66 were considered below average.

On all tests, a higher result indicates a better perfor-
mance. The results of the tests were communicated to
patients but in no case did test results cause a change in
their treatment.

Statistical analysis

Demographic characteristics were described by frequencies
and distribution differences were assessed with the »? test
or Fisher’s exact test, as appropriate. The Kruskal-Wal-
lis test was used for comparison of test score distributions
between groups. When statistically significant differences
were detected, we performed pairwise comparisons between
groups with the Mann—Whitney U test, controlling for mul-
tiple tests using the false discovery rate (FDR) procedure.
All statistical analyses were performed with the Statistical
Package for Social Science (SPSS), version 24.0.

Results

Seventy-seven individuals were included in the study: 20 in
the BEV group, 19 in the ChT group, 19 in the RxT group,
and 19 in the HC group. Each participant was given the
battery of tests by a neurocognitive investigator (CP), and a
neurologist (GL). The complete battery of tests took around
30 min for each participant.

Patient characteristics

Table 1 shows the demographic and clinical characteris-
tics of the patients and controls. There were more females
than males in all the groups. All individuals had ECOG PS
0-1 and a similar exposure to antidepressants and anxiolyt-
ics. The number of patients who received a chemotherapy

regimen associated with neurocognitive impairment was
similar in the BEV and the ChT groups (p=0.13). When
only the three groups of cancer patients were included in the
analysis, in the RxT group, more patients had a lower level
of education (p=0.054) and a better ECOG PS (p=0.05).
In addition, all the patients in the RxT group had local dis-
ease, while those in the BEV and ChT groups had mainly
advanced disease (p <0.001).

Test results

Table 2 and Fig. 1 show the mean results for each test and
group. The HC group had significantly better scores in all
tests than the other three groups: HVLT-R TR (p =0.002),
HVLT-R DR (p=0.001), TMT_A (p=0.002), TMT_B
(p=0.003), COWAT (p=0.01).

Table 3 displays the Mann—Whitney p values for the
comparison of mean test scores between groups. Significant
differences were observed in mean scores on the HVLT-R
TR between the BEV and HC groups (»p =0.001), between
the ChT and HC groups (p=0.003), and between the RxT
and the HC groups (p <0.001). Significant differences were
observed in mean scores on the HVLT-R DR between the
ChT and the HC groups (p=0.005) and between the RxT
and HC groups (p=0.002). On the TMT_A, differences were
significant only between the RxT and HC groups (p=0.007),
and between the BEV and HC groups (p =0.011). Differ-
ences on the TMT_B were significant for the comparison
between the BEV and HC groups (p =0.005) and between
the RxT and HC groups (p =0.003). Finally, significant dif-
ferences on the COWAT were observed only between the
RxT and HC groups (p=0.006). No other significant dif-
ferences between groups were observed on any of the tests,
including when comparing only the three groups of cancer
patients (BEV vs. ChT, BEV vs. RxT, ChT vs. RxT).

Discussion

Bevacizumab has been associated with neurocognitive
deterioration in patients with glioblastoma [5, 11], but it
is not clear whether bevacizumab is the sole cause of this
deterioration or if it acts together with other characteristics
unique to glioblastoma and its treatment. To remove these
possible confounding factors, we have examined the effect of
bevacizumab in non-brain cancer patients who were treated
with chemotherapy with or without bevacizumab or with
radiotherapy alone and in healthy controls. We have found
that bevacizumab was not associated with a worsening of
neurocognitive function compared to other treatments.

A significant decline in cognitive function, particularly
in processing speed, as measured by the TMT_A test, and
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Table 1. Patient characteristics

BEV group ChT group RxT group HC group p
N (%)* N (%)* N (%)* N (%)*
Age 0.221
> 50 years 11 (55) 12 (63) 16 (84) 11 (58)
< 50 years 9 (45) 7 (37) 3(16) 8 (42)
Sex 0.638
Male 6 (30) 4(21) 7 (37) 4(21)
Female 14 (70) 15 (79) 12 (63) 15 (79)
Primary tumour
Gynaecologic 10 (50) 6 (32) 2(11)
Breast 2 (10) 7 (37) 10 (52) - -
Lung 3(15) 4(21) 0(0)
Gastric 2 (10) 1(5) 0(0)
Rectal 1(5) 0(0) 0(0)
Sarcoma 1(5) 1(5) 0(0)
CUP 1(5) 0(0) 0(0)
Prostate 0(0) 0(0) 7 (37)
Median time from diagnosis (months) 33 42 2 - -
Median number of chemotherapy lines 1 3 n/a - -
ECOG PS < 0.001
0 6 (30) 8 (42) 13 (68) 18 (94)
1 14 (70) 11 (58) 6 (32) 1(6)
Concomitant treatment -
Steroids 2 (10) 3(16) 0(0) 0(0)
Antidepressants 2 (10) 4 (21) 4 (21) 3(16)
Anxiolytics 3(15) 5(26) 4(21) 4(21)
Morphine 1(5) 1(5) 0(0) 0(0)
Handedness
Right 20 (100) 19 (100) 19 (100) 19 (100) -
Left 0(0) 0(0) 0(0) 0(0)
Level of education 9 (47) 0.115
> 12 years 7 (35) 11 (58) 4(21) 10 (53)
< 12 years 13 (65) 8 (42) 15 (79)
Disease status
Local 1(5) 1(5.3) 19 (100) - < 0.001
Advanced 19 (95) 18 (94.7) 0(0)
Chemotherapy regimen linked to neuro-
cognitive decline®
Yes 2 (65) 17 (89.5) - - 0.127
No 7 (35) 13 (10.5)

CUP cancer of unknown primary, ECOG PS Eastern Cooperative Oncology Group performance status

4All percentages are rounded

°Cyclophosphamide, 5-fluorouracil, platinates, FOLFOX, doxorubicin, or taxanes. One patient in the BEV
group and one in the ChT group received tamoxifen as part of their treatment. No patients in the RxT group

were treated with hormonotherapy

in executive function, measured by the TMT_B test, was
observed in patients receiving bevacizumab in the RTOG
0825 clinical trial at week 34 [11]. In addition, a later analy-
sis showed further deterioration on the COWAT [5]. Other
studies have also linked bevacizumab to undesirable neuro-
cognitive effects, including brain atrophy after prolonged
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treatment [12]. VEGF inhibition has a special role in modu-
lating both vascular and neuronal behaviour in the central
nervous system. VEGF inhibition led to a cytotoxic effect on
neurons and a decrease in the dendritic length of hippocam-
pal neurons in rats [1]. A reduction in the synaptic plastic-
ity of the hippocampus, which could lead to an impairment
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Table 2. Mean test scores and percentage of participants scoring below average in each group

ChT group RxT group HC group

BEV group

Range

Test

% below mean + SD % below mean + SD % below mean + SD % below

Mean + SD

average

average

average

average

< 0.001

9.05+1.39

9.21 £ 1.65
55.53 £ 16.15
5395+ 15.15
-0.14 +£0.71

6.68 + 1.53
6.37 +£2.81
33.84 £26.91

7.11+£2.23

6.89 +2.81
35.95+33.21
37.58 + 35.86
—0.64 +0.92

6.85+2.11
745 +£2.7

0/12

HVLT-R TR

0.007

32.40 + 30.34
27.45 + 18.17
-0.79+1.29

0/12

HVLT-R DR
TMT_A?*

0.022

0
0

52.6%
57.9%
73.7%

52.6%
52.6%
42.1%

55.5%
65.5%
50.0%

< 10/>90*
< 10/>90*

TMT_B*

0.012

30.74 £ 29.16
—-0.97£0.8

COWAT*

0.059

36.8%

<—1.67/>+0.67*

#The average and below-average scores on the TMT_A and TMT_B (< 26) were based on age and educational level' and those on the COWAT (< — 0.66) on the normative mean for the

healthy population
"Kruskal-Wallis

of short-term memory and learning, was observed in glio-
blastoma patients after bevacizumab treatment [13]. Neuro-
cognitive impairment attributed to dysregulation of VEGF
receptor signalling has also been reported after treatment
with sunitinib malate, an inhibitor of the VEGF receptor
2 [14].

Chemotherapy has also been associated with neurocogni-
tive decline, and post-chemotherapy cognitive impairment
(PCCI), known colloquially as “chemobrain”, has been
reported in patients with breast cancer, where a large number
of long-term survivors receive adjuvant therapies [15]. Sev-
eral studies exploring the pathophysiological mechanisms
underlying the cognitive decline associated with chemother-
apy [16] have suggested that cytostatic agents can disrupt
neurobiological processes by impairing hippocampal neuro-
genesis or by producing neuroinflammation and a change in
myelination [3, 17-19]. Furthermore, neuroimaging studies
have found that chemotherapy produces structural alterations
and changes in gray matter [20, 21].

Several drugs have also been associated with neurocog-
nitive deterioration, including 5-fluorouracil, doxorubicin,
cyclophosphamide, taxanes, methotrexate, bis-chloroethyl-
nitrosurea carmustine (BCNI), fludarabine, cytarabine, and
platinates [22]. There are many patients who, after having
received these treatments, report cognitive disorders associ-
ated with a decline in attention, memory, information pro-
cessing speed, and executive functions. In our series, how-
ever, neurocognitive function did not differ between the BEV
and the ChT groups among patients treated with these drugs.
In fact, while alterations in these patients were as expected,
the addition of bevacizumab did not worsen neurological
impairment. Conversely, alterations in patients treated with
radiotherapy for local disease were unexpected in our series
since patients with prior brain radiotherapy or neurological
disease were excluded from the study. Patients treated with
local radiotherapy alone were diagnosed of gynaecological,
breast or prostate cancer with a supposed 5 year survival
rate above 90%. Thus, their cognitive status should appar-
ently be that of the general population of that age-group. As
we did not find differences in age, socio-economic status,
and education levels compared to the HC, we think that the
cognitive impairment detected in RxT should be taken into
consideration in further studies.

In fact, to the best of our knowledge, the effect of non-
brain radiotherapy on neurocognitive function has not previ-
ously been explored and our findings indicate that it merits
further study.

Other factors could also have affected neurocognitive
function in our patients, such as the impact of the diagnosis
itself, surgery and anaesthesia, menopause, anxiety, depres-
sion, fatigue, genetic predisposition, comorbid medical con-
ditions, pain severity, and general quality of life. Nor can we
rule out an effect on neurocognitive function produced by
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Fig. 1 Mean test scores for each Group on (a) the HVLT-R for total recall (HVLT-R TR) and (b) delayed recall (HVLT-R DR) (c) the TMT_A
and (d) TMT_B; and (e) the COWAT
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Table 3 Pairwise comparisons of mean test scores

Mean difference + SE Pt FDR®
HVLT-R TR
Bev-ChT —0.26 +£0.70 0.598 0.748
Bev-RxT 0.17 + 0.59 0.764 0.849
Bev-HC —220+0.58 0.001 0.015
ChT-RxT 0.42 +0.62 0.234 0.39
ChT-HC —1.95+0.60 0.003 0.018
RxT-HC —237+048 <.001 0.015
HVLT-R DR
Bev-ChT —0.56 +0.88 0.702 0.81
Bev-RxT 1.08 +0.88 0.192 0.339
Bev-HC —-1.76 +0.72 0.033 0.083
ChT-RxT 0.53 +0.91 0.516 0.673
ChT-HC —-232+0.75 0.005 0.021
RxT-HC —2.84+0.75 0.002 0.018
TMA_A
Bev-ChT —-3.55+10.18 0.642 0.77
Bev-RxT —1.44 +9.20 0.374 0.513
Bev-HC —23.13+7.84 0.011 0.033
ChT-RxT 2.11 +£9.81 0.882 0.944
ChT-HC —19.58 + 8.47 0.031 0.083
RxT-HC —21.68 +7.20 0.007 0.023
TMA-B
Bev—-ChT —10.13 = 10.30 0.259 0.401
Bev-RxT -329+09.18 0.138 0.259
Bev-HC —26.50 +7.30 0.005 0.021
ChT-RxT 6.84 + 10.60 0.916 0.944
ChT-HC —16.37 +8.93 0.12 0.24
RxT-HC —-2321+7.54 0.003 0.018
COWAT
Bev-ChT —0.15+0.36 0.944 0.944
Bev-RxT 0.18 +£0.36 0.376 0.513
Bev-HC —0.66 +0.34 0.115 0.24
ChT-RxT 0.33+£0.29 0.267 0.401
ChT-HC —-0.50 +£0.27 0.087 0.201
RxT-HC —0.83 +0.26 0.006 0.023

*Mann—Whitney U test

YFDR, false discovery rate

the cancer itself [23, 24]. In fact, cognitive impairment has
been reported in breast cancer even before the administration
of chemotherapy [25]. These factors were not explored in
the present study due to the low number of patients but we
recommend their inclusion in future studies.

Our study has several limitations in addition to the rela-
tively small number of patients included—a consequence
of the small number of patients who were progression-free
after at least 34 weeks of bevacizumab treatment, which was
the time frame in which neurocognitive alterations had been
found in previous studies of glioblastoma patients receiving

bevacizumab [5, 11, 26]. In the BEV arm, patients received
chemotherapy and bevacizumab as maintenance therapy,
although the ideal comparison would have been with patients
receiving bevacizumab alone. However, bevacizumab is
never indicated as the sole treatment in any disease; rather,
it is always combined with chemotherapy. Additionally, our
results are based only on a single evaluation of cognitive
functions at one given time and could well have changed if
the tests had been administered at different intervals or if we
had tested at baseline before starting treatment. However,
such a study would need to include a very large number
of patients initially since many of those assessed at base-
line could well have changed their treatment or progressed
before week 34. We point out this aspect as the main limita-
tion of our study. In fact we designed this transversal study
to explore the neurocognitive impairments after having
received bevacizumab for a long time, as they have been
detected in long-term-treated glioblastoma patients, in the
setting of a clinical trial (RTOG 0825). Our results justify a
prospective study which includes data about the basal neuro-
cognitive status of patients before any oncological treatment.
Finally, we did not take into account the possible effect of
anxiety, depression, or stress on test results, although the
use of antidepressants and anxiolytics was similar across the
groups, including HC.

It is unclear to what extent baseline cognitive impair-
ment is related to anxiety and depression. Certainly, learn-
ing of a cancer diagnosis can affect mood, which may in
turn affect sleep and other physiological functions. Most
data on this issue proceed from breast cancer patients. In
a small study of breast cancer patients who were to receive
either chemotherapy or radiation treatment, pre-treatment
worry was associated with alterations in brain function, as
measured by functional magnetic resonance imaging, and
with subjective and objective measures of cognitive func-
tion in both treatment groups, with the pre-chemotherapy
group reporting significantly more worry [27]. However,
in several studies of women undergoing adjuvant or neoad-
juvant chemotherapy for breast cancer, the authors reported
that anxiety, distress, or poor quality of life correlated with
self-perceived cognitive concerns but not with neuropsycho-
logical test results [28-30]. In another study of breast cancer
patients, cognitive impairment observed prior to systemic
treatment was associated with certain comorbidities but not
with anxiety, depression, or type of surgery [31].

To the best of our knowledge, this is the first study to
investigate the neurocognitive effects of bevacizumab in
patients with non-brain cancers. Our findings suggest that
bevacizumab in and of itself may not worsen neurocognitive
function to a greater extent than chemotherapy. In addition,
the fact that patients receiving local non-brain radiotherapy
had worse neurocognitive function than healthy controls
suggests that the term “cancer-related cognitive impairment
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(CRCI)” may be more apt than PCCI. Our findings lend
support to the premise that a deeper understanding of the
nature, causes, incidence, and prevalence of CRCI would be
of interest for the management of both brain and non-brain
cancer patients and indicate that neurocognitive function
should be assessed both at baseline and after treatment in
all cancers.
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