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The exposure to a life-threatening disease such as cancer may constitute a traumatic experience that
in some cases may lead to the development of posttraumatic stress disorder (PTSD). In recent years,
several studies investigated this syndrome in patients with cancer, but few focused on the underlying
neurobiology. The aim of this work was to review the current literature of neurobiology of PTSD in onco-
logical diseases, focusing on a comparison with the results of neurobiological studies on PTSD in non-
oncological patients and on treatments resulted effective for such disorder. Brain structures having a role
in the appearance of PTSD in psycho-oncology, and in particular, in intrusive symptoms, seem to be the
same involved in non-oncologic PTSD. These findings may have important implications also at clinical
level, suggesting that psychotherapies found to be effective to treat PTSD in different populations may
be offered also to patients with cancer-induced posttraumatic symptoms. Further studies are needed to
deepen our knowledge about cancer-related PTSD neurobiology and its treatment, aiming at transferring
the results into clinical practice.
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toms seem to reflect a persistent, abnormal

adaptation of neurobiological systems to the
stress following experienced trauma. In the recent
years, several studies have highlighted how psycho-
logical trauma can cause anatomical and functional
changes in specific brain areas associated with the
onset of posttraumatic symptoms. Thanks to the
development of neuroimaging techniques such as
magnetic resonance imaging (MRI), functional mag-
netic resonance imaging (fMRI), positron emission
tomography (PET), and single photon emission com-
puted tomography (SPECT) it has been possible to
identify the brain regions and circuits involved in the
pathophysiology of PTSD.

Amygdala, medial prefrontal cortex (mPFC), and
hippocampus are those brain regions that primarily
appear to be pathologically involved in PTSD (Martin,
Ressler, Binder, & Nemeroff, 2010; Shin, Rauch, &
Pitman, 2006; Wager, Lindquist, & Kaplan, 2007;
Yehuda & LeDoux, 2007).

P osttraumatic stress disorder (PTSD) symp-

According to the neurobiological model of PTSD
(Shin et al., 2006), there is evidence for an heightened
responsivity of the amygdala, implying an exag-
gerated response to fear as well as to threat-related,
ambiguous, and uncertain stimuli (Herry et al., 2007;
Sander, Grafman, & Zalla, 2003). On the other hand,
there is a diminished responsivity of the regions of
the prefrontal cortex (including rostral cingulate
cortex and ventromedial frontal gyrus), and this has
been linked to a partial failure in the appropriate
functional inhibition of the activity of the amygdala
by the mPFC (Etkin & Wager, 2007). In addition,
evidence of decreased hippocampal volume and
neuronal integrity as well as impaired hippocampal
function is associated with explicit memory impair-
ment (Liberzon & Sripada, 2008).

This neurobiological model is now widely ac-
cepted by the scientific community, and despite the
divergent results because of the different neuro-
imaging techniques used to the low sample size
in the most of studies and to the heterogeneity of
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patients’ symptoms, it has been validated in research
and clinical settings.

Decades of neuroimaging studies also showed
other regions involved in PTSD. Insula hyperactiv-
ity is associated with trauma reliving, intrusions, and
avoidant behaviors (Nardo et al., 2011). Deactivation
of the Broca’s area may explain patients’ difficulty in
describing and cognitively restructuring their trau-
matic experience (Hull, 2002).

A significant activation of retrosplenial cortex
and precuneus may account for reexperiencing the
precipitating event in the form of recurrent, distress-
ing images and recollections (Sartory et al., 2013).
Thalamus is deactivated in patients with PTSD
(Lanius et al., 2004), and the alterations in thalamo-
cortical connectivity may be implicated in excessive
fear recall, failure of expression and maintenance of
extinction memory, and heightened traumatic re-
membrance (Yin et al., 2011). Cerebellum volume
is smaller in patients with PTSD, and this reduc-
tion is associated with the magnitude of the PTSD
symptoms (Baldagara et al., 2011). On the other
hand, right caudate volume was found to increase
in PTSD, possibly because of selective lateralized
activation of the corticostriatal circuits subserv-
ing processing of trauma resulting in neuroplastic
changes (Looi et al., 2009).

Also, anterior cingulate cortex (ACC) was found
to be implicated in the pathophysiology of PTSD.
Corrigan (2002) underlined that ACC is divided in
two parts: an affective subdivision in the ventral ACC
and a cognitive subdivision in the dorsal ACC that re-
ciprocally inhibit each other. In PTSD, this reciprocal
inhibition is unbalanced in favor of a greater activa-
tion of the ventral affective ACC versus a deactivation
of the cognitive dorsal ACC. This hypothesis was re-
cently supported by a neuroimaging study (Bing et al.,
2013) that found focal thinning in the dorsal ACC in
patients with PTSD.

Finally, some studies (Lanius, Brand, Vermetten,
Frewen, & Spiegel, 2012; Lanius et al., 2010; Nardo
et al., 2013) have highlighted an important distinc-
tion between two different types of posttraumatic
symptoms. The first is the so-called “hyperaroused”
one, characterized by emotion dysregulation that
involves emotional undermodulation, mediated by
the failure of prefrontal inhibition on hyperactivity
in limbic regions resulting in an increased activa-
tion of the alarm systems. The other is the so-called
“dissociative” one, characterized by an emotion dys-
regulation that involving emotional overmodulation
mediated by midline prefrontal inhibition of the
limbic regions.

In summary, these studies have underscored the
existence of specific neural models connected to dif-
ferent posttraumatic clinical presentations, involving
several cerebral regions.

Neurobiological Correlates of Posttraumatic
Stress Disorder in Oncological Diseases

The diagnosis and treatment of a life-threatening
disease such as cancer involves exposure to psycho-
logical and physical stress and may constitute a trau-
matic experience for most people. In recent years,
several studies investigated the characteristics of
cancer-related PTSD (Abbey, Thompson, Hickish,
& Heathcote, 2015; Andrykowski & Kangas, 2010;
Kangas, Henry, & Bryant, 2002). These investigations
converge in identifying risk factors to developing
PTSD, such as the severity of cancer, the recent diag-
nosis, and the presence of treatment side effects and
pain. Furthermore, individual factors such as previous
trauma and poor social support may also play a role in
PTSD development.

Several studies have shown that 5%-35% of
patients with cancer might suffer from posttraumatic
symptoms related to their disease (Kangas et al., 2002;
National Cancer Institute, 2015). These symptoms are
often displayed as constant worries, fears of recur-
rence, nightmares or flashbacks about the illness or
treatments, and a sense of shortened future. Patients
with cancer often show avoidant behavior, focused on
places, events, and people connected to their cancer
experience. They also may experience irritability, dif-
ficulty sleeping, restlessness, and fatigue.

Intrusive symptoms are the preeminent ones
(Matsuoka, Nagamine, & Uchitomi, 2006) and have
a prevalence varying from 11%-45% according to dif-
ferent studies.

In the last decade, neuroimaging techniques, ini-
tially used to diagnose tumors and to detect changes
in brain caused by the presence of oncological disease,
have also had a strong role in delineating psychologi-
cal and psychiatric disorders linked to cancer diseases
(Chiaravalloti et al., 2013; Tashiro, 2004).

Therefore, these studies have been useful in high-
lighting the neurobiological correlates of PTSD
symptoms in patients with cancer; the main results of
which will be described in this following section.

Hippocampus

Most of the structural studies converge in describ-
ing a reduction in hippocampal volume in patients
with PTSD (for a review, see Shin et al., 2006).
Some recent volumetric analyses have explored the
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presence of this association even in patients with
oncological pathology.

Nakano and colleagues (2002) showed a significant
reduction in left hippocampal volume associated with
intrusive memories in a group of women with breast
cancer. A reduction of hippocampal volume was
also seen in patients with major depression without
cancer (Bremner et al., 2000; Sheline, Wang, Gado,
Csernansky, & Vannier, 1996), but this result was not
confirmed in women with a major depressive episode
following breast cancer diagnosis (Inagaki et al., 2004).
This discrepancy may be mainly because of two fac-
tors: (a) the length of depressive episodes, which
was relatively shorter in patients with breast cancer,
and (b) gender, because a reduction of hippocampal
volume was more prevalent in men suffering from
depression rather than in women (Frodl et al., 2002).

Moreover, Hara et al. (2008) did not find any asso-
ciation between hippocampal volume and PTSD, but
they highlighted an inverse correlation between intru-
sive symptoms and hippocampal volume, consistent
with the results of Nakano et al. (2002). As suggested
by the latter investigation, this could mean that in-
trusive symptoms, and not PTSD in general, may be
associated with a smaller hippocampus.

Another study (Bergouignan et al., 2011) found
that a reduction in hippocampal volume was associ-
ated with the diagnosis of cancer per se, regardless
the presence of PTSD or major depression. “Cancer
experience” by itself appears to be associated with a
reduction in the hippocampal volume in accordance
with Nakano et al. (2002).

The etiology of decreased hippocampal volume
in PTSD is not yet established, but two major hy-
potheses have been proposed. The first one proposes
that trauma exposure or posttraumatic response
may affect hippocampal volume because of the neu-
rotoxicity caused by cortisol (Bremner et al., 2000).
The second assumption suggests that a smaller
hippocampus may be a vulnerability factor to de-
veloping PTSD after exposure to a stressful event
(Gilbertson et al., 2002; Gurvits et al., 2006). In
general, a hippocampal deficit was seen in patients
whose traumatic experiences were supposedly more
intense and prolonged.

Moreover, it is important to point out that current
therapies for cancer may represent a confounding
factor. Several studies have shown that chemother-
apy and radiotherapy can cause deleterious cell loss
and may affect adult hippocampal neurogenesis,
contributing to memory deficits as well as psychi-
atric symptoms, such as depression (Pereira Dias
et al., 2014). A temporal pattern of chemotherapy

toxicity on brain regions has not been described
yet, neither there is knowledge about possible long-
lasting effects of chemotherapy and their impact
on the development and treatment of PTSD. More
work is needed.

Amygdala

Studies focusing on reduced amygdala volume in pa-
tients with cancer found divergent results. Matsuoka,
Yamawaki, Inagaki, Akechi, and Uchitomi (2003)
showed a significant reduction in the volume of
amygdala associated with intrusive memories. A simi-
lar result was found also in patients with cancer and
symptoms of depression (Yoshikawa et al., 2006). On
the other hand, Hara et al. (2008) did not replicate this
finding in patients with PTSD or intrusive symptoms
related to cancer. In these studies, the different dura-
tion and severity of PTSD necessary to cause volu-
metric changes of the amygdala may account for the
divergent results.

Moreover, recent studies on imaging gene x envi-
ronment interaction (Bogdan, Pagliaccio, Baranger,
& Hariri, 2016; Pagliaccio et al., 2014) suggest that
genetic variation within the neuroendocrine stress
hormone system and early environmental factors
contribute to variation in stress reactivity and lim-
bic brain volumes (i.e., amygdala and hippocampus),
which, in turn, might result as a risk factor to develop
psychopathology.

Orbitofrontal Cortex

To date, only one study (Hakamata et al., 2007) has
investigated the role of orbitofrontal cortex (OFC) in
patients with posttraumatic symptoms linked to can-
cer experience. The results showed that gray matter
volume in OFC of women with PTSD was signifi-
cantly lower than in women without PTSD. However,
to evaluate the effect of chemotherapy on brain, a
PET study recruiting patients with Hodgkin’s lym-
phoma was recently conducted (Chiaravalloti et al.,
2013). Hypometabolism in frontal cortex—in particu-
lar in the PFC, in the OFC, and ACC—after 2 months
of chemotherapy was found. These changes disap-
peared about six months later, at the end of chemo-
therapy, upon symptoms disappearance. Although in
this study an assessment of psychological symptoms
was not carried out, it is worth noting that brain areas
found to be hypometabolic after 2 months of chemo-
therapy were the same as those implicated in affective
disorders involving the limbic circuitry and alterations
in PFC and ACC suggests the presence of PTSD or
depressive state in the acute phase.
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Summary of Results

The earlier described studies highlight how intru-
sive symptoms in oncology patients can be consid-
ered as the core of PTSD also at a neurobiological
level.

These recurrent and distressing memories related
to the disease play a significant role in patients’ func-
tioning, and they may adversely affect the acceptance
of the disease (Whitaker, Brewin, & Watson, 2008)
leading to symptoms of depression (Brewin, Watson,
McCarthy, Hyman, & Dayson, 1998).

Moreover, these findings highlight that brain struc-
tures having a role in the appearance of posttraumatic
symptoms in psycho-oncology, and in particular in-
trusive symptoms, seem to be the same implicated in
non-oncologic PTSD.

These investigations have some limitations that
have to be acknowledged. Almost all neuroimaging
studies conducted in psycho-oncology focused on
women with breast cancer, possibly because of the
higher prevalence of this type of cancer compared to
other tumors. Different populations of patients with
cancer have to be taken into account to evaluate spe-
cific characteristics for any kind of disease as well as
the effects of chemotherapy on different brain regions
and their possible mediating/confounding effect on
PTS symptoms. Moreover, recent gene X environ-
ment interaction research may contribute to widen
the understanding of the different etiological factors
of PTSD.

Neurobiological Correlates of
Psychotherapy Treatment

In the recent years, several studies using different
methodologies, such as MRI, fMRI, PET, SPECT,
and electroencephalography (EEG) have investi-
gated the effectiveness of psychotherapy in PTSD,
with a specific focus on its neurobiological substrate
and trying to reveal the neural changes associated
with treatment.

As reported earlier, brain structures possibly
responsible for posttraumatic symptoms are amyg-
dala and hippocampus (hyperaroused) as well as
PEC (deactivated). Furthermore, the deactivation
of Broca’s area may explain the difficulty, for people
suffering from this disorder, in accessing a seman-
tic knowledge of their emotional experiences. This
element can therefore question the effectiveness of
some “talking therapies” (Hull, 2002) and may in-
stead suggest the use of psychological treatments
allowing a multimodal and multisensory access to
traumatic memories.

To date, trauma-focused cognitive behavioral
therapy, eye movement desensitization and repro-
cessing (EMDR) therapy, and stress management
are those treatments recognized as more effective
in reducing PTS symptoms (Bradley, Greene, Russ,
Dutra, & Westen, 2005) and considered as elective
treatments for PTSD by numerous international
guidelines (American Psychiatric Association, 2006;
Bisson & Andrew, 2007; National Collaborating
Centre for Mental Health, 2005; Tol, Barbui, & van
Ommeren, 2013).

Most of the neuroimaging studies have focused
on EMDR therapy, whereas only a few have investi-
gated the neurobiological effects of therapies such as
cognitive behavioral therapy (CBT) and brief eclec-
tic psychotherapy (Pagani & Cavallo, 2014; Pagani,
Hogberg, Fernandez, & Siracusano, 2013).

EMDR therapy is an information-processing ther-
apy that focuses on trauma elaboration. A distinct
characteristic of EMDR therapy is the use of alternat-
ing bilateral stimulation (eye movements, tactile, or
audio) that appears to produce a physiological effect
promoting accelerated reprocessing of dysfunction-
ally stored information related to the traumatic event.

Studies that have used SPECT to compare brain ac-
tivation before and after EMDR therapy showed that
significant changes in blood flow occurred mainly in
limbic areas and in PFC. This normalization was also
associated with symptoms remission resulting in a re-
duction of flashbacks, intrusive memories, and of the
feeling of reliving the trauma even at a somatic level
(Lansing, Amen, Hanks, & Rudy, 2005; Oh & Choi,
2007; Pagani et al., 2007).

Other MRI and fMRI studies have investigated hip-
pocampal volume in patients treated with EMDR
(Bossini et al.,, 2012) showing an increased hippo-
campal volume in association with improvement of
posttraumatic symptoms.

Nardo and colleagues (2010) also showed with MRI
that patients who had not responded to EMDR ther-
apy showed, before the therapy sessions, a decrease
of gray matter density in various limbic regions (pos-
terior cingulate, parahippocampal cortex, and insular
cortex) that may prevent access to target regions, ren-
dering EMDR ineffective.

EMDR therapy was also evaluated using EEG
(Harper, Rasolkhani-Kalhorn, & Drozd, 2009;
Lamprecht et al., 2004; Propper and Christman, 2008;
Propper, Pierce, Geisler, Christman, & Bellorado,
2007). Lamprecht and collaborators (2004) investigat-
ing evoked potentials related to the traumatic event
before and after an EMDR therapy session suggested
that clinical improvements may be linked to changes
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in information processing associated with a reduction
of new stimuli orientation and with lower levels of
arousal after the treatment. Propper and colleagues
(Propper & Christman, 2008; Propper et al., 2007)
examined the effects of eye movements on inter-
hemispheric coherence and found them to facilitate
episodic memory and to result in a decreased inter-
hemispheric coherence in anterior PFC. This might
lead to consolidation of the traumatic memory of the
event, allowing a reduction of intrusive symptoms.
Furthermore, the brain state during the bilateral
stimulation phase of EMDR therapy was found to be
similar to that during slow-wave sleep (Harper et al.,
2009), the condition in which new information is ed-
ited and stored in semantic memory (Stickgold, 2002;
Stickgold, Hobson, Fosse, & Fosse, 2001).

Although different neurobiological mechanisms
underlying the efficacy of EMDR therapy and bilat-
eral stimulation have been described (for review, see
Bergmann, 2010, and McGuire, Lee, & Drummond,
2014), no definitive consensus has been reached yet.

The effectiveness of CBT was investigated by
Rabe, Zoellner, Beauducel, Maercker, and Karl (2008)
revealing by EEG a decrease of anterior right activa-
tion associated with a reduction of posttraumatic
symptoms and showing that CBT treatment may be
accompanied by adaptive changes in brain function.

CBT was also investigated using MRI. Bryant,
Felmingham, Kemp, et al. (2008) found a greater
rostral ACC volume, also correlated with symptoms
reduction, in those patients who reported an improve-
ment of posttraumatic symptoms in comparison with
those resistant to the treatment.

The same researchers using fMRI showed also
that poor symptoms improvement after CBT was as-
sociated with a pretreatment observation of greater
amygdala and ventral ACC activations, inferring that
an exaggerated response to fear stimuli can be a key
factor in limiting psychotherapeutic treatment effec-
tiveness (Bryant, Felmingham, Whitford, et al., 2008).

The efficacy of an exposure-based treatment for
patients with PTSD was assessed in a SPECT study
(Peres et al., 2007). An increased activity after treat-
ment was observed in parietal lobes, in the left
hippocampus, in the thalamus, and in the left PFC,
suggesting that psychotherapy could influence the
development of narrative memories, overlaying the
neural substrates of previous traumatic memories.
Another study (Felmingham et al., 2007) investigated
by fMRI the efficacy of CBT for PTSD reporting that
changes in PTSD severity correlated with changes in
ACC activation and inversely correlated with right
amygdala activation. These changes are associated

with a better ability to result in extinction of the
fear response.

Lindauer and colleagues (Lindauer et al., 2008;
Lindauer et al., 2005) assessed the neurobiological and
clinical outcome of treatment with brief eclectic psy-
chotherapy. In the MRI study (Lindauer et al., 2005),
they showed no changes in hippocampal volume after
treatment even in patients who reported symptoms
improvement. On the other hand, in their second
study (Lindauer et al., 2008) performed by SPECT,
they highlighted changes in dorsolateral PFC associ-
ated with a treatment positive outcome.

Recently, a ground-breaking study investigated,
with an accurate time resolution, the real-time brain
changes occurring during a therapy session, over-
coming previous static observations before and after
the treatment. Pagani and colleagues (Pagani et al.,
2011; Pagani et al., 2012) compared the EEG of the
first (in which patients were symptomatic) and of the
last (in which patients were asymptomatic) EMDR
therapy sessions. A greater temporo-occipital cortex
activation was observed during the latter, primarily
on the left side. The limbic activation prevailing dur-
ing typical EMDR alternate bilateral stimulation that
was present in OFC, in PFC, and in ACC during the
first EMDR session moved to associative regions after
EMDR treatment. These findings, confirmed recently
in a much larger patient and control subject cohorts
(Pagani et al., 2015), pointed out that traumatic mem-
ories move from an implicit subcortical state to an
explicit cortical state, where different brain regions
contribute to process and re-elaborate the experience.
A normalization of activation after trauma processing
was highlighted, which can be interpreted as the neu-
robiological correlates of symptoms improvement.

Summary of Results

Overall, the results of these studies indicate a post-
treatment reversal of the prefrontal and limbic ab-
normalities, which were clearly recognized at the
pretreatment stage and are frequent neuroimaging
findings in patients with PTSD. The PFC recovers its
inhibitory role, reducing amygdala hyperactivation
and the corresponding cortical hyperarousal. Also,
hippocampus seems to regain its function, promoting
a contextualization and a consolidation in a declarative
form of the memories related to the traumatic event.

These findings are also consistent with long-lasting
clinical improvements (Hogberg et al., 2008), demon-
strating that psychotherapy efficacy is strongly related
to the normalization of brain functions. In particu-
lar, EMDR therapy appears to promote a shift of the
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traumatic material from an implicit subcortical to an
explicit cortical status where different brain regions
participate in processing the experience.

Patients who do not improve after EMDR therapy
or CBT show a decrease of gray matter density in
posterior cingulate, parahippocampal cortex, and in-
sular cortex and increased activation of the amygdala
and ventral ACC. These regions are well known to be
implicated in processes such as the integration of cog-
nitive and affective processes, encoding and retrieval of
autobiographical and episodic memories, emotional
processing, interoceptive awareness, self-referential
conscious experience, and extinction of fear. Deficits
in these areas can constitute a key factor in limiting
the efficacy of psychotherapeutic treatments.

Implications for Cancer-Related PTSD Treatment

Although all studies assessing the prevalence of PTSD
in patients with cancer recommend interventions
for this disorder (Abbey et al., 2015; Andrykowski &
Kangas, 2010; Kangas et al., 2002), little research has
been carried out on the psychological intervention
that may reduce PTSD symptoms in this population.
To date, there is only one study that examined the
efficacy of EMDR therapy and CBT in oncology pa-
tients with PTSD (Capezzani et al., 2013). Moreover,
no neuroimaging studies have evaluated the efficacy
of psychotherapy for posttraumatic symptoms in
patients with cancer.

Intrusive symptoms appear to be the core of PTSD
in oncology patients both at a clinical and neurobio-
logical level. Brewin et al. (1998) showed that such
symptoms are also present in patients with cancer
and depression and suggest that these memories cor-
respond to events that have not received sufficient
emotional processing. Therefore, these disabling signs
may be present also in those patients with cancer
who do not meet full criteria for a diagnosis of PTSD
(i-e., subthreshold PTSD) and suffer from depression
or adjustment disorder.

Our review provides a neurobiologically based sup-
port for what was suggested by the National Cancer
Institute (2015), which recommends that patients
with cancer receive the same therapies used to treat
PTSD related to other forms of trauma.

Consideration of these recommendations may
encourage future studies investigating the neuro-
biological impact of psychotherapies in oncology.
EMDR therapy which functional effects have been
demonstrated both during therapy sessions and in
posttreatment assessments is an ideal candidate. Its
proven ability to normalize the dysfunction of limbic

areas involved in PT'SD and depression might relieve
patients from the psychological burden associated
with oncological diseases. The only clinical study con-
ducted so far (Capezzani et al., 2013) showed that
EMDR therapy was more effective than CBT in the
treatment of cancer-related PTSD, but larger samples
and the application of neuroimaging techniques are
necessary to deepen our understanding of the differ-
ences between these treatments.

Investigations into the role of dissociation are also
needed. As reported in the first part of this work,
some studies have revealed a dissociative subtype of
PTSD, presenting a peculiar neurobiological pattern.
They also highlighted important implications for the
treatment that should be offered to patients with dis-
sociative PTSD (Lanius et al., 2012). A recent study
underscored the presence of a higher dissociation
score in patients with cancer, receiving chemotherapy
compared with patients who did not (Civilotti et al.,
2015). These considerations emphasize why it is even
more important to investigate dissociative symp-
toms and to clarify the role of antitumor therapies
in the pathophysiology of the symptoms of cancer-
related PTSD.

This literature review on the neurobiological as-
pects of cancer-related PTSD suggests that the brain
regions involved in PTSD in patients with cancer
appear to be the same as those highlighted in stud-
ies on different psychological traumas such as road
accidents, combat trauma, sexual abuse, and other
stressful events considered as “classic” traumas in
PTSD nosology.

It is therefore reasonable to infer that therapies,
found to be effective in treating PTSD in populations
who had suffered a “typical” psychological traumatic
events, can be effective even in patients suffering
from posttraumatic symptoms related to their physi-
cal illness because the underlying neurobiological
processes appear to be similar.
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