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Hippocampal volume reduction after chemotherapy assessed by brain
MRI: a cause of chemobrain in cancer patients

Kemoterapi sonrasi hipokamplis hacmindeki azalmanin beyin MRG ile
degerlendiriimesi:kanser hastalarinda kemobeyinin bir sebebi
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Abstract

Purpose:Cancer treatment (chemotherapy) affects various neural parts of the brain which results in cognitive
impairments as problems in working memory, concentration, speed of processing and responding, and speech.
This condition is called “chemobrain”. The aim of this study is to establish whether any change exists in the
volume of certain brain parts before and after chemotherapy that might play a role in chemobrain by means of
magnetic resonance imaging (MRI).

Materials and methods: Eleven patients with various cancers underwent cranial MRI before and after
chemotherapy. 3-dimensional reconstruction from coronal 2 dimensional images were obtained by SURFDriver
program. Volume calculations of cerebrum, cerebellum, ventricles, right and left hippocampus were done by
Cavalieri method.

Results:According to measurements there was a statistically significant difference only in the volumes of right
and left hippocampus before and after chemotherapy (p<0.05). The volumes of the hippocampus on both sides
decreased after chemotherapy.

Conclusion:This study revealed significant volume changes in the hippocampus of cancer patients after
chemotherapy. We suggest that this volume reduction in hippocampal regions might be the explanation of
chemobrain seen in cancer patient during and after chemotherapy.
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Ozet

Amagc:Kanser tedavisi (kemoterapi) beyinin gesitli néral pargalarini etkileyerek hafiza, konsantrasyon, isleme
ve karsilik verme hizi ve konusma gibi alanlarda biligssel bozukluklara neden olur. Bu duruma “kemobeyin” adi
verilir. Bu ¢alismanin amaci manyetik rezonans géruntileme (MRG) araciliiyla kemoterapi dncesi ve sonrasi
bazi beyin kisimlarinda kemobeyin olusmasina neden olabilecek herhangi bir hacim degisikligi olup olmadigini
ortaya koymaktir.

Gereg ve yontem:Farkl kanser tanilar olan 11 hastaya kemoterapi dncesi ve sonrasi kraniyal MRG tetkiki
yapildi. Koronal 2-boyutlu goruntilerden SURFDriver programi kullanilarak 3-boyutlu rekonstriksiyonlar
elde edildi. Serebrum, serebellum, ventrikiller, sag ve sol hipokampdustun hacim élgimleri Cavalieri yontemi
kullanilarak elde edildi.

Bulgular:Olgiimler sonucunda kemoterapi éncesi ve sonrasi sadece hipokampls hacimlerinde anlamli farklilik
vardi (p<0.05). Her iki tarafta da hipokampus hacimlerinde kemoterapi sonrasi azalma gérilda

Sonug:Bu calisma kemoterapi sonrasi kanser hastalarinin hipokampus boélgelerinde anlamli hacim degisikligi
oldugunu ortaya koymaktadir. Kemoterapi sirasinda ve sonrasinda kanser hastalarinda goriilen kemobeyinin
nedeninin hipokampus bdlgelerindeki bu hacimsel azalmaya bagli oldugunu distinmekteyiz.
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Introduction

Cognitive disorders including problems
in working memory, concentration, speed of
processing and responding, and speech are
reported to be the adverse effects of cancer
therapy [1-3]. Chemotherapy-induced cognitive
dysfunction which is seen during or following

cancer treatment is called “chemobrain”
or “chemofog” [3-5]. Physiopathology of
chemotherapy-induced cognitive impairment

has been a challenge because chemotherapy
itself causes fatigue and cancer treatment also
has side effects as anxiety, depression, mood
changes affecting cognitive functions of the
person [3]. It is reported that some experimental
studies demonstrated the cause of chemobrain
as fluctuations in the circulating proinflammatory
cytokines [1]. Some studies reported that
level of cognitive disorders correlate with the
dosage of adjuvant chemotherapy. As the
dose increased cognitive dysfunction levels
increased [4]. Monje and Dietrich [6] reported
that cancer treatment disrupts the proliferation
of healthy cells, such as those that give rise to
new neurons in the adult hippocampus. Tasks
that depend on hippocampus are affected more
by the treatment [5]. It is mostly reported to end
after the treatment ends.

In this study we tried to establish possible
volume changes in different parts of the brain as
cerebrum, cerebellum, ventricles, right and left
hippocampus by means of magnetic resonance
imaging (MRI) in patients who underwent
cancer treatment. Magnetic resonance imaging
was done before the treatment and control MRIs
were taken after 6 months of drug treatments.

Materials and methods
Study population, scanning and evaluation

This study was approved by the local ethics
committee  (60116787/020/27525).  Written
informed consent was obtained from all patients
included in the study. From August 2014 to
January 2016 thirty-six patients with new cancer
diagnosis were enrolled in the study. Twenty
patients had breast cancer, 3 had pancreas
cancer, 4 had ovarian carcinoma, 6 had lung
cancer and 3 had gastric cancer. Eleven of
the 36 patients underwent cerebral MRI, of
the remaining 25 patients 14 died because of
progressive disease and 11 were lost to follow-
up MRI. Eleven patients who underwent MRI
before and 6 months after chemotherapy were
included in the study. Eight of 11 patients had
breast cancer, 1 had ovarian cancer, 1 had lung
cancer and 1 had pancreas cancer. Nine of them
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were female (82%) and 2 were male (18%). Age
range between 40- 76 years; mean 63 + 11.

All MRI examinations were performed with
a 1.5 Tesla (T) MRI system (Ingenia; Philips
Medical Systems, Best, The Netherlands) with
a 16-channel head coil and high performance
gradient (maximum gradient, 45 mT/m;
maximum slew rate, 200 T/m/s). Coronal 2 -
dimensional (2D) T2-weighted turbo spin echo,
echo planar imaging, sensitivity encoding (T2
-TSE EPI SENSE) (TR, 6000 ms; TE, 100
ms; number of excitations (NEX), 1 or 2; slice
thickness, 4 mm; flip angle, 90°) images were
obtained for cerebral volume measurements.
3-dimensional (3D) reconstruction of the images
was done by SURFDriver program [7]. Volume
of the cerebrum, ventricles, cerebellum, right
hippocampus and left hippocampus before and
after chemotherapy were calculated from the
images by using Cavalieri method.

Statistical analysis

Quantitative data were summarized as
means and standard deviations and the
changes in volumes of cerebrum, cerebellum,
ventricles, right and left hippocampus before and
after chemotherapy were compared by using
Wilcoxon signed rank test. A p value of 0.05
or less was defined as statistically significant.
Calculations were performed on commercially
available statistical software (SPSS version
21.0; IBM Corporation, Armonk, NY).

Results

Mean volumes of cerebrum, cerebellum,
ventricles, right and left hippocampus were
given on table 1. According to the measurements
although there was no statistically significant
change in the volumes of cerebrum, ventricles
and cerebellum (p>0.05), there was a
statistically significant difference in the volume
measurements of right and left hippocampus
before and after chemotherapy (p=0.003)
(Figure 1).

Discussion

This study revealed a significant reduction in
the hippocampal volume of cancer patients on
both sides who had undergone chemotherapy
and thus we assume that chemobrain might
result from hippocampal volume changes in
these patients.

Hippocampus is the part of limbic system
that is involved in the storage of long term
memory and knowledge of experiences. It
stores memories and it is also able to recall
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Figure 1.Coronal T2 weighted TSE MRI (a) of a 73- year-old patient with breast cancer is seen on the
left. Hippocampal regions are shown in white circles. On the right (b) reconstruction of hippocampal

regions by 3D reconstruction program is seen

Table 1. Mean values of the volumes of different brain parts before and 6 months after

chemotherapy calculated using coronal MRI

Mean volume before

Mean volume 6 months

Brain parts chemotherapy (mm?3) after chemotherapy (mm?3) P value
Cerebrum 912827+118517 899576+103652 0.13
Cerebellum 8728+1153 8507+1078 0.18
Ventricles 8507+1108 8393+1029 0.36
Right hippocampus 43061366 29781345 0.003
Left hippocampus 41924284 2885+320 0.003

Data are given as mean # standard deviation

mm?3: cubic milimeter

them [8].In cancer patients several studies
reported various cognitive impairments called
chemobrain [4,9-11]. Chemobrain was mostly
studied and proved in patients who received
treatment for breast cancer [6,11-14]. In a study
with 39 breast cancer patients a decline in
concentration and memory in 28% of patients
was shown [15]. Another study reported that
63% of cancer survivors reported problems
with concentration and attention, 50% problems
with memory, and 38% problems with abstract
reasoning [16]. Bender et al [17] reported
deteriorations in working memory in women who
received chemotherapy. Most studies reported
mixed cognitive pattern in neuropsychological
testing most of which showed disorders in verbal
learning, memory, attention and concentration
[18]. It is believed to be caused by damage to
neural progenitor population that is responsible
for adult hippocampal neurogenesis [6].

Studies with imaging methods are limited
on this specific issue and structural changes
were shown by magnetic resonance imaging

(MRI) in various studies. Manual segmentation
protocols, automated methods and voxel based
morphometry techniques were the methods
that are used to uncover tissue density or
volume changes on MRI which might result
from chemobrain effect [10]. In our study we
calculated the volumes of different brain parts
with SurfDriver program on thin slice MRI.
Inagaki et al [19] reported significant volume
differences by using voxel based morphometry
technique in grey matter of right prefrontal
cortex and parahippocampal gyrus and white
matter in the bilateral middle frontal gyri, left
para-hippocampal gyrus, left precuneus and
right cingulate gyrus that played role in cognitive
functions such as memory and attention. Another
study in breast cancer patients reported grey
matter volume reduction in a network called
“default mode network” (DMN) of the brain
which is composed of precuneus, posterior
cingulate, medial frontal, middle temporal and
lateral parietal regions and hippocampus [13].
Functional MRI studies established that DMN
is more vulnerable to disease and effects of

224



Pamukkale Tip Dergisi 2017;10(3):222-226

Herek ve ark.

chemotherapy in breast cancer patients [13].
Our study also revealed hippocampal volume
loss on MRI 6 months after cancer treatment.

Our sample was composed mostly of breast
cancer patients (72%) who had doxorubicin
(adriamycin), cyclophosphamide and paclitaxel
treatment. Our one patient with squamous
cell lung cancer had cisplatin, carboplatin and
paclitaxel, one patient with pancreas cancer had
gemcitabine and one patient with ovarian cancer
had carboplatin, paclitaxel and bevacizumab
therapies. In a study conducted with breast
cancer patients who received doxorubicin and
cyclophosphamide therapy with or without
paclitaxel were reported to show worse
performance on memory testing compared
with healthy controls [20]. Other study reported
deterioration in verbal memory, processing and
psychomotor speeds and executive function
in patients who received cyclophosphamide,
methotrexate and fluorouracil treatment for
breast cancer [21]. Another study in breast
cancer patients who were treated with
fluorouracil, epirubicin, and cyclophosphamide
or with cyclophosphamide, thiotepa, and
carboplatin  or  with  cyclophosphamide,
methotrexate and fluorouracil, established
cognitive impairment 2 years after completion of
chemotherapy [22]. All these studies pointed out
that chemobrain might be independent from the
drug that has been used during chemotherapy.
But some authors have noted that dosage of
the cancer drugs is much more correlated with
cognitive changes in patients [10,18]. Schagen
et al [23] reported in their cross-sectional
study with breast cancer patients that ones
who received high dose cyclophosphamide,
thiotepa, and carboplatin treatment performed
worse in neuropsychological tests. In our study
all patients had been given standard dose
chemotherapy protocols according to their
tumor type.

This study had some limitations. First of all,
our sample size was small because of the loss
to follow-up. Second, we couldn’t perform any
neuropsychological tests to patients to evaluate
the possible cognitive deterioration. Third, we
only calculated the volume changes in different
brain parts but we couldn’t do any functional MRI
studies because of the technical shortcomings
of our MRI scanner. Lastly, since we had a
limited number of patients for different cancer
types, we did not correlate the hippocampal
volume changes with types of drugs that have
been used during treatment. We suggest that
this could be an issue of a further study that can
be conducted in a large group of patients.
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In conclusion, our study established a
significant volume loss in hippocampus of
the patients on both sides after 6 months of
cancer treatment. This finding correlated with
some reports about hippocampal damage in
chemotherapy patients. So, we also think that
chemobrain in cancer patients under treatment
is a result of hippocampal volume loss. However,
further study should be done in a larger size
sample to verify our findings.
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