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Why we Should Stimulate the Vagus Nerve in Cancer
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Symptom-Cluster
Even though treatments are improving, approximately 30% to 40% of cancer patients will 

develop metastatic disease. The two chief goals for most patients are to prolong survival and to 
improve health-related Quality of Life (QoL) [1]. Cancer-related fatigue, pain, anxiety and 
depression often co-occur as troublesome symptoms and are even referred to as the concept of 
‘symptom cluster’. They often arrive simultaneously and are responsible for reduced QoL and 
unfavorable prognosis [2]. Furthermore, fatigue, depression, cognitive impairment and insomnia 
are increasingly recognized as some of the most common side effects of conventional treatments for 
cancer. Research conducted in women with breast cancer suggests that the prevalence of moderate 
to severe fatigue during chemotherapy is 26% to 60%, depressive symptomatology 20% to 39% and 
self-reported insomnia even 79% [3,4]. A meta-analysis suggests that cancer patients exposed to 
adjuvant therapy perform worse on cognitive impairment than comparison groups (e.g., cancer 
patients who do not receive adjuvant therapy, non-cancer comparison group) or normative data [5]. 
These symptoms tend to be associated with reduced QoL [6], which was found to be prognostic and 
predictive of survival time in cancer patients [7].

Neuroendocrine-immune Model of Co-Morbidities and Cancer
The co-occurrence of fatigue, pain, anxiety, depression, insomnia and cognitive impairment 

indicates a common etiologic feature, which can be explained by a neuro endocrine-immune model 
[8]. This model states that these symptoms are mainly due to excessive inflammation. Multiple 
studies also state that other common features are Sympathetic Nervous System over activity (SNS) 
and increased oxidative stress [9,10]. However, the focus of this short communication will be on 
inflammation. And indeed, there is a massive production of circulating cytokines during cancer 
development that are enrolled in the systemic pain experienced by patients [8], in cancer-related 
fatigue, in anxiety and in depression and insomnia [11,12]. Importantly, the excessive inflammation 
is caused by the tumor on one hand and by conventional treatments on the other hand, such as 
chemotherapy and radiotherapy [13]. Though indeed successful, studies show that these treatments 
induce increases in inflammatory cytokines, which correlate with fatigue [11], with pain [14] and 
depression [12]. Treatments can also influence cognitive function through inflammatory processes. 
For example, cancer and chemotherapy-induced inflammation can increase levels of cytokines (e.g. 
IL-6), which can enter the brain and stimulate cells to produce other pro-inflammatory cytokines. 
Thus, deregulation can lead to DNA damage and cognitive damage [15]. Hence, the ‘symptom cluster’, 
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insomnia and cognitive impairment could be more severe during 
active treatment. On the other hand, these three mechanisms (SNS, 
oxidative stress and inflammation) and specifically inflammation 
contribute to tumorigenesis since the inflammatory response plays a 
key factor contributing to escape from apoptosis, angiogenesis and 
metastasis [16-18].

The Vagus Nerve as a Protective Factor
Finding new, scientifically based treatments, which target 

this etiological factor (and at the same time oxidative stress and 
sympathetic over activity), may improve these symptoms and 
prognosis. Recent research shows that the vagus nerve may have 
protective effects in various cancers. The vagus nerve is the main nerve 
of the parasympathetic system and has an important role in several 
diseases, including cancer [19]. This nerve inhibits oxidative stress, 
strongly inhibits inflammation [20] and as a parasympathetic nerve 
branch, it inhibits sympathetic activity, three mechanisms which are 
etiological to the symptoms and poor prognosis in cancer [21]. It has 
been shown that parasympathetic nervous system stimulation (via the 
vagus nerve) leads to decreases in production of pro-inflammatory 
cytokines through the release of the neurotransmitter acetylcholine 
[20,22]. The vagus nerve informs the brain about tumors and 
modulates them through feedback to neuro endocrine and immune 
systems [23]. Parasympathetic nervous activity is typically measured 
by capturing Heart Rate Variability (HRV), which is the variation of 
time between consecutive heartbeats in the ECG [24], thus low HRV 
reflecting a low vagus nerve activity.

Relation between HRV and Prognosis
The vagus nerve is thought to slow tumorigenesis through the 

inhibition of pro-inflammatory cytokines [10,24,25] showed that 
the index of vagus nerve activity, Heart Rate Variability (HRV), is 
significantly lower in cancer patients than in healthy people (HRV=20 
vs. 50, p<0.001) and specifically in the metastatic stages. Additionally, 
our team has shown that high vagus nerve activity predicted less 
tumor burden and longer survival times in several types of cancer 
such as non-small cell lung, prostate, pancreatic and colon cancer, 
independent of confounders [10,26,27], echoed by other teams in 
breast cancer and other types [19,28]. The team of Spiegel showed 
that a higher vagus nerve activity in patients with metastatic or 
recurrent breast cancer strongly and significantly predicted a longer 
survival [29]. Furthermore, our team has shown that HRV predicts 
tumor burden very strongly, and especially in patients with metastatic 
cancer [10]. Recently, we also found that initially advanced tumor 
stages of colorectal or prostate cancer predicted higher tumor marker 
levels at follow-up than did early stages. However, this occurred 
only in patients with low, not high, vagal nerve activity (measured 
via HRV) [30]. In another study, we showed for the first time the 
prognostic value of a new composite biomarker, which reflects the 

autonomic and immune (inflammatory) systems together, in relation 
to cancer prognosis. Two studies revealed that a new Neuroimmuno 
Modulation (NIM) index, reflecting vagal nerve activity (ratio of the 
Root Mean Square of Successive Differences (RMSSD)) over general 
systemic inflammation (CRP) significantly predicted the overall 
survival in patients with advanced pancreatic cancer and in patients 
with non-small cell lung cancer. These relationships remained 
significant also after statistically controlling for confounders which 
were univariately predictive of survival and which reflected the 
severity of cancer and its treatment. Patients with non-small cell lung 
cancer and a relatively high NIM index had a nearly double survival 
time compared to those with low NIM [31].

Relation between HRV and Symptoms
Furthermore, besides the negative effects of low Heart Rate 

Variability (HRV) on tumor burden, studies showed relations 
between low HRV and fatigue, pain, anxiety, depression, insomnia 
and cognitive impairment. An association between lower 
parasympathetic activity and higher levels of fatigue in breast cancer 
survivors has been shown [32], some studies showing inflammation 
to be the mediating factor. Two reviews and meta-analyses showed 
that HRV is significantly lower in people with severe depression 
than in subjects without depression [33]. Another meta-analysis 
showed that chronic pain patients have a reduced HRV compared 
to healthy people and that experimentally-induced pain in healthy 
people even reduces HRV [34]. A study in cancer patients showed 
that patients with depression and anxiety for a surgery had a 
significantly reduced HRV compared to patients without depression 
or anxiety [35]. Examining specific aspects of QOL related to cancer, 
vagus nerve activity is inversely related to pain (r= -0.46, p<0.05) 
and its activity may reduce pain [14]. HRV is also inversely related 
to sleep disturbances, to cognitive impairment and to hopelessness 
[36,37]. Finally, vagus activity also contributes to self-regulation of 
emotion and social activity [38] and is linked to treatment adherence 
in breast cancer. The study of Karvinen et al. suggested that breast 
cancer survivors who indicate the greatest stress reactivity tend to 
have the poorest compliance to medical care and the lowest QOL. The 
data suggest that supportive care strategies that reduce stress could 
potentially improve compliance to medical care in breast cancer 
survivors.

Vagus Nerve Stimulation
The vagus nerve can be stimulated pharmacologically, invasively 

and non-invasively. An implanted human Vagus Nerve Stimulation 
(VNS) device has been FDA approved for refractory epilepsy for more 
than 10 years and is undergoing clinical trials for resistant depression 
[40]. Direct electrical stimulation of the vagus nerve attenuates 
TNFα-production during experimental models of endotoxaemia, 
haemorrhagic shock, and other conditions of cytokine excess [41]. 
Furthermore, some non-invasive techniques to stimulate the vagus 
nerve exist as well. Transcutaneous Vagus Nerve Stimulation (t-VNS)
(Gammacore and Cerbomed) has been shown to attenuate levels of 
the inflammatory mediator High Mobility Group Box 1 (HMGB1) 
and improve survival in a murine sepsis model [42]. In a recent study, 
a new t-VNS device was also found to reduce various inflammatory 
markers in humans [43] and to reduce depression by 50%, in two 
recent human trials [44]. Furthermore, tVNS was found to reduce 
headaches in patients with chronic migraines [45].

Studies have also demonstrated that multiple forms of meditation 

Figure 1: The proposed model; VNS: vagus nerve stimulation.
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can alter the parasympathetic component of HRV and can have a 
positive effect on cardiac autonomic tone [46]. Similarly, relaxation 
therapy and HRV biofeedback, both behavioural methods, can 
significantly increase the parasympathetic component of HRV, 
reflecting an increase in vagus nerve activity [47]. Furthermore, 
some therapeutic agents targeting the cholinergic anti-inflammatory 
pathway through action on the vagus nerve have been developed. 
Examples are the anti-inflammatory compound GTS-21 and CNI-
1493, also called semapimod, which is a drug working via an intact 
vagus nerve. An increased efferent vagus nerve activity has been 
observed after administration of semapimod, demonstrating its vagal 
activating potential [48]. Only two studies investigated the effects 
of Semapimod and one pilot study the effects of HRV-Biofeedback 
directly on cancer. [49] investigated the effects of CNI-1493 and 
when comparing the tumour volumes in the control group versus the 
group who received CNI-1493, a smaller tumour volume was found 
in the latter (though they did not statistically test this) [50]. On the 
other hand showed that activation of vagus nerve with Semapimod 
decreases metastasis of murine breast carcinoma. A recent matched-
controlled pilot study of our group (De Couck et al. submitted) 
showed positive effects of HRV-Biofeedback (HRV-B) in metastatic 
colon cancer patients. While in controls Carcinoembryonic Antigen 
(CEA) levels hardly changed, patients performing HRV-B showed 
a clear sharp decline in CEA levels, which by three months tended 
to be significantly lower than in controls (p<0.06) (De Couck et al., 
submitted).

VNS to Reduce Chemotherapy-Induced and 
Radiotherapy-Induced Inflammation

Can VNS be combined with cancer treatments? Common 
treatments are chemotherapy and radiotherapy. Though successful, 
studies show that both therapies cause up regulation of stress 
response genes including NFκB, that in turn up regulate the 
production of pro-inflammatory cytokines such as IL-1β, IL-6 and 
TNF-α [51], which correlate with the symptoms mentioned above. 
Such inflammation may also promote tumorigenesis [16]. Because 
vagus nerve stimulation reduces inflammation [20], VNS may also 
reduce therapy-induced inflammation and its undesirable side 
effects. Thus, VNS may potentially also augment the effectiveness of 
treatments (Figure 1). Furthermore, a recent research proposes that 
inflammation prior to radiation may make some types of lung cancer 
cells radio resistant [52]. Management of these symptoms, due to the 
cancer and the treatments and augment effectiveness of therapy is an 
important issue [7] and is the focus of the short communication at 
hand.
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