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Background. The vagus nerve may slow tumor progression because it inhibits inflammation. This study examined the relationship
between a new vagal neuroimmunomodulation (NIM) index and survival in fatal cancers. Method. We retroactively derived
markers of vagal nerve activity indexed by heart rate variability (HRV), specifically the root mean square of successive
differences (RMSSD), from patients’ electrocardiograms near diagnosis. The NIM index was the ratio of RMSSD to C-reactive
protein levels (RMSSD/CRP). Sample 1 included 202 Belgian patients with advanced pancreatic cancer (PC), while sample 2
included 71 Belgian patients with non-small cell lung cancer (NSCLC). In both samples, we examined the overall survival, while
in sample 2, we additionally examined the survival time in deceased patients. Results. In PC patients, in a multivariate Cox
regression controlling for confounders, the NIM index had a protective relative risk (RR) of 0.68 and 95% confidence interval
(95% CI) of 0.51-0.92. In NSCLC patients, the NIM index also had a protective RR of 0.53 and 95% CI of 0.32-0.88. Finally, in
NSCLC, patients with a higher NIM index survived more days (475.2) than those with lower NIM (285.1) (p < 0.05). Conclusions.

The NIM index, reflecting vagal modulation of inflammation, may be a new independent prognostic biomarker in fatal cancers.

1. Introduction

Despite progress made in treating various cancers, the ability
to improve the prognosis in some cancers such as pancreatic
cancer (PC) or non-small cell lung cancer (NSCLC) remains
grim [1]. For example, the one-year survival rate in stages
IIIB-1IV lung cancer is poor (30-36%; [2]). Such a situation
calls for searching new and modifiable prognostic biomarkers
which are also related to key processes affecting prognosis,
making such prognostic biomarkers potential therapeutic
targets. Recent research suggests that the autonomic nervous
system, and particularly the vagus nerve, may affect tumori-
genesis. While oxidative stress [3], excessive inflammation
[4-6], and sympathetic overactivity [7] all contribute to
tumorigenesis, the vagus nerve in contrast inhibits oxidative

stress [8], inflammation [9], and sympathetic activity [10].
Due to inhibiting these three tumorigenic factors, the vagus
nerve is thought to possibly slow tumor growth [11, 12].
Indeed, several experimental studies in mice, though not all,
show that vagotomised tumor-bearing animals had more
metastases [13, 14]. Furthermore, one study demonstrated
that an anti-inflammatory drug, which depends on the vagus
nerve, reduced metastases in tumor-bearing mice [15]. These
studies clearly indicate the possible causal relationship
between adequate vagal nerve activity and reduced tumor
progression, though not all studies point at this direction [16].

In humans, heart rate variability (HRV) is a noninvasive
marker of vagal nerve activity [17]. HRV reflects fluctuations
in normal R-R interbeat intervals. High HRV predicts lower
levels of tumor makers over time [18, 19] and longer survival
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times in various cancers (e.g., [19, 20]), in most cases inde-
pendent of known prognostic factors. However, HRV may
not predict all outcomes (e.g., presence of metastases), possi-
bly because HRV alone does not consider vagal modulation
of inflammation directly. Vagal nerve modulation of inflam-
mation may be the critical link between vagal activity and
possible slowing down of carcinogenesis [11]. Indeed, a
recent study found that levels of the general inflammatory
marker C-reactive protein (CRP) statistically mediated the
relationship between HRV and survival time in patients with
PC [21]. But can there be one single index which considers
both vagal nerve activity and its modulation of inflammation,
and does such an index have a prognostic value in cancer? To
the best of our knowledge, no study has developed and exam-
ined the prognostic value of an index which reflects vagal
modulation of inflammation.

Given the possible role of the vagus nerve in modulating
cancer via inhibiting inflammation [21], we developed a sim-
ple numerical ratio indexing vagal neuroimmunomodulation
(NIM) of inflammation. The NIM index considers in one
number two systems: vagal nerve activity (the autonomic
nervous system in the numerator: HRV) and an inflamma-
tory marker (the immune system response in the denomina-
tor: CRP). This study examined in two fatal cancers whether
the NIM index (HRV/CRP) could predict survival, indepen-
dent of confounders. Based on the literature mentioned
above, we hypothesized that higher NIM predicts better
prognosis, independent of confounders.

2. Materials and Methods

2.1. Patients. After the approval of the Medical Ethics
Committee, medical records of 620 patients with histologi-
cally proven advanced (locally advanced and metastatic)
pancreatic ductal adenocarcinoma (PDAC) treated at the
University Hospital Erasme, Brussels, between 1998 and
2011, and medical records of 650 patients with NSCLC treated
at the UZ Brussels hospital between January 2005 and Decem-
ber 2009 were reviewed. Exclusion criteria included condi-
tions known to alter HRV or influence inflammation, such
as inflammatory diseases (e.g., arthritis), cardiovascular dis-
ease (for the NCSLC patients only), implanted pacemaker,
or prescribed cardiologic medication (f-blockers, antiar-
rhythmics for the NSCLC patients only). Following these
exclusion criteria and the (un)availability of ECG, CRP, and
survival data, 202 PC and 71 NSCLC patients were included.
Table 1 depicts the characteristics of these samples.

2.2. Design. The study included a historical prospective design.
We collected existing archival electronic patient records (his-
torical) and examined the prospective relationship between
the NIM index (see below) derived from these records and
measured at baseline (time of diagnosis, time 1), and prognosis
at time 2 (e.g., overall survival and survival time). This design
is commonly used in the reanalysis of existing data sets.

2.3. Measures

2.3.1. Background Variables and Confounders. In both sam-
ples, we considered the prognostic roles of patients’ age,
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TaBLE 1: Descriptive statistics of the pancreatic cancer (PC) and
non-small cell lung cancer (NSCLC) patient samples.
(a) Categorical variables

Variable PC (%) NSCLC (%)
Gender
Men 53.0% 63.4%
Women 47.0% 36.6%
Radiotherapy 13.4% 69.0%
Chemotherapy 73.3% 76.0%
Surgery 40.1% 10.0%
Stage
Stage 1 11.3%
Stage 2 7.0%
Stage 3 21.1%
Stage 4 60.6%
(b) Continuous variables
Variable Meal;(éSD) Mlj:r? ?S(I:))
Age (years) 66.2 (11.8) 62.5 (11.5)
HRV (RMSSD) 27.4 (20.5) 21.6 (24.0)
CRP 4.7 (18.8) 43.1 (63.3)

PC: pancreatic cancer; NCSLC: non-small cell lung cancer; HRV: heart rate
variability; RMSSD: root mean square of successive differences; CRP:
C-reactive protein.

gender, stage (only in NSCLC), and treatments (chemother-
apy, radiotherapy, surgery), as well as whether patients had
cardiac problems (only in PC). In PC patients, stage was
not considered since all patients had advanced cancer, but
we considered whether the tumor spread was locally
advanced versus metastatic disease.

2.3.2. Neuroimmunomodulation Index. Heart rate variability
(HRV) is a common noninvasive index of vagal nerve activity
[17]. We derived the measure of HRV retroactively from
10-second electrocardiographs present in patients’ files. Sim-
ilar ultrashort HRV measures were found to predict tumor
markers in previous studies [18, 19] and overall survival
in the general population [22]. To index neuroimmuno-
modulation (NIM), we divided the HRV index of the root
mean square of successive RR intervals (RMSSD) by patients’
C-reactive protein (CRP), a general marker of inflammation,
to yield our NIM index = RMSSD/CRP. Both HRV and CRP
were obtained near diagnosis, in both patient cohorts.

2.3.3. Outcomes. In both the PC and NSCLC cohorts, the out-
come was the overall survival, defined as the time from the
date of histologically proven cancer diagnosis to death or till
the end of follow-up for surviving patients. However, in the
NSCLC cohort, an additional outcome was the survival time
among deceased patients because fewer patients survived.
These data were obtained from patients’ medical files and
the Belgian national registry.
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Figure 1: Cumulative survival curves of patients with pancreatic
cancer with a high versus low neuroimmunomodulation (NIM)
index.

2.4. Statistical Analysis. In both cancer samples, the main
analysis was a Cox regression survival analysis. After identi-
fying the significant confounders univariately, we entered
them together with the categorical NIM index, split at its
median value. Time till death or till the end of follow-up
(for surviving patients) was also considered as the time vari-
able, and the outcome variable was the vital status. Addition-
ally, in the NSCLC sample, because few patients survived to
follow up, we further examined only in the deceased patients
the partial correlation between continuous levels of the NIM
index and the survival time, controlling statistically for con-
founders that were significantly related to the survival time.

3. Results

Table 1 presents the background characteristics of each
patient cohort. In the PC cohort, 56.9% had locally advanced
disease while 43.1% had metastatic tumors. Among all con-
founders tested, surgery (p < 0.001), local versus metastatic
disease (p <0.001), cardiac problem (p<0.025), age at
diagnosis (p <0.001), and presence of metastatic diseases
(p < 0.001) were predictive of the overall survival, while radio-
therapy and chemotherapy were not (both p values > 0.05).
Categorical NIM was highly significantly predictive of the
overall survival (p < 0.001; see Figure 1). In the final multivar-
iate Cox regression (see Table 2), categorical NIM was still
significantly predictive of overall survival (p =0.011), inde-
pendent of the significant confounders mentioned above
(for NIM, the relative risk (RR) and 95% confidence interval
(CI) were 0.68 and 0.51-0.92, resp.).

TaBLE 2: Multivariate Cox regression survival analysis of relative
risks for death in patients with advanced pancreatic cancer.

Variable B Sig. RR 95% CI

Surgery -0.84 0.00 0.43 0.30-0.62
Local/advanced -0.09 0.71 0.91 0.55-1.51
Cardiac problem 0.13 0.41 1.14 0.83-1.57
Age 0.02 0.01 1.02 1.00-1.03
Metastases 0.28 0.30 1.33 0.77-2.28
NIM index -0.38 0.01 0.68 0.51-0.92

Sig.: significance; RR: relative risk; 95% CI: 95% confidence interval; NIM
index: neuroimmunomodulation index.

In the NSCLC cohort, among all tested confounders, che-
motherapy tended to predict the overall survival (p < 0.055),
while surgery (p < 0.001) and cancer stage (p < 0.001) signif-
icantly predicted the overall survival. Categorical NIM also
significantly predicted the overall survival (p <0.005; see
Figure 2). In a multivariate Cox regression (see Table 3),
categorical NIM remained a significant predictor of overall
survival (for NIM, RR =0.53; 95% CI: 0.32-0.88). Since many
patients in the NSCLC cohort died, we tested the correlation
between continuous NIM levels and survival time, in the
deceased patients only. Controlling for the above con-
founders, log-transformed NIM index scores were signifi-
cantly positively correlated with the survival time (r=0.31,
p=0.010). Among these deceased patients, those with a
relatively high NIM index (above the median) lived sig-
nificantly longer (mean (SD)=4752 (383.9) days) than
those with a low NIM index (mean=285.1 (282.2) days;
t (69)=2.40, p < 0.05).

4. Discussion

To the best of our knowledge, this may be the first study to
develop and test the prognostic value of a new composite bio-
marker which reflects the autonomic and immune (inflam-
matory) systems together, in relation to cancer prognosis.
Two studies revealed that a new neuroimmunomodulation
(NIM) index, which reflects vagal nerve activity (RMSSD)
over general systemic inflammation (CRP) significantly pre-
dicted the overall survival in patients with advanced PC
and in patients with NSCLC. 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 NSCLC and a relatively high NIM index had a nearly
double survival time compared to those with low NIM.
These results are in line with one experimental study
showing that an anti-inflammatory drug (CNI-1493), which
depends on and activates the vagus nerve, led to reduced
metastases in tumor-bearing mice [15]. These results also
support many correlational studies showing that high vagal
nerve activity, indexed by HRV, predicts reduced tumor
marker levels over time or longer survival, in different can-
cers including young NSCLC patients (e.g., [18, 19]). These
results also support those showing that CRP statistically
mediated the relationship between HRV and survival in PC
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FIGURE 2: Survival days in deceased patients with non-small cell lung cancer with a high versus low neuroimmunomodulation (NIM) index.

TABLE 3: Multivariate Cox regression survival analysis of relative
risks for death in patients with non-small cell lung cancer.

Variable B Sig. RR 95% CI

Chemotherapy -0.44 0.25 0.64 0.30-1.38
Surgery -1.20 0.01 0.30 0.11-0.79
Stage 0.48 0.01 1.61 1.24-2.10
NIM index -0.63 0.01 0.53 0.32-0.88

Sig.: significance; RR: relative risk; 95% CI: 95% confidence interval; NIM
index: neuroimmunomodulation index.

[21]. However, the results of the present study extend these
past observations to incorporate the balance between vagal
activity (RMSSD) and inflammation (CRP) in one ratio and
reveal its prognostic value. The novelty in these results is that
this new NIM index reveals that a shift in balance from
inflammation to vagal activity (a higher NIM ratio) predicts
longer survival in two very fatal cancers, independent of
relevant prognostic factors. These results are in line with
our model of vagal nerve neuroimmunomodulation of
cancer [11, 12]. Furthermore, these results are in line with
the known anti-inflammatory functions of this important
cranial nerve [9]. This index includes HRV derived from
ECGs and includes CRP levels, both which are routinely
available worldwide in hospitals. This availability makes
the new NIM index highly feasible for use to estimate can-
cer patients’ prognosis. Finally, using noninvasive vagal
nerve activating methods (e.g., electric vagal nerve stimula-
tion; [23]), NIM is a marker which could be therapeutically
modified, making this index also a possible therapeutic
target on its own, to possibly then influence prognosis.
Future controlled intervention studies need to test such
treatment avenues.

This study had several limitations. First, we did not
employ formal prospective studies, rather historical prospec-
tive designs. However, previous studies demonstrating prog-
nostic values of HRV used similar designs (e.g., [19]).
Furthermore, the EGCs, from which HRV was derived, and
CRP were both measured near diagnosis, while follow-ups
were done later, maintaining a longitudinal aspect in the
design. Second, the ECGs were very brief—lasting only 10
seconds. However, multiple studies including one large

population study have demonstrated that such brief HRV
measures have a prognostic value [18, 19, 21, 22] and that
this brief measure correlates with HRV measures in longer
tests [24]. In addition, we showed here the prognostic value
of the NIM index in two cancer samples, attesting to the reli-
ability of this new observation. Nevertheless, these results
should be replicated in a formal prospective study, with
longer ECG readings. Should the results be replicated, and
should the new NIM index be found to be predictive in other
cancers (and chronic diseases), this NIM index may be
proven clinically important for prognostication and for
identifying patients who require more close medical care.
Finally, the relationship between NIM and prognosis only
reflects an association, not a causal relationship between
these variables. Some of the animal studies conducted to
date do propose a causal relationship between vagal nerve
activation and improved cancer prognosis [13-15]. To test
this important issue in people, investigators need to test
whether activating the vagus nerve shifts the balance from
inflammatory to vagal activity and whether this shift could
then improve cancer treatment and patients’ prognosis, the
ultimate goal. These would have both scientific and potential
clinical significances.

Conflicts of Interest

There are no conflicts of interest.

Acknowledgments

The authors would like to thank Alex De Waele, Dr. Ralf
Caers, and Dr. Sofie Moorthamers for their contribution.
This study was performed with funding from the Anti-
Cancer Fund provided to Professor Gidron Y.

References

[1] A. Teague, K. H. Lim, and A. Wang-Gillam, “Advanced
pancreatic adenocarcinoma: a review of current treatment
strategies and developing therapies,” Therapeutic Advances in
Medical Oncology, vol. 7, no. 2, pp. 68-84, 2015.

J. H. Schiller, D. Harrington, C. P. Belani et al., “Comparison of
four chemotherapy regimens for advanced non-small-cell
lung cancer,” The New England Journal of Medicine, vol. 346,
no. 2, pp. 92-98, 2002.

[2

—



Journal of Immunology Research

(3]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

M. Valko, M. Izakovic, M. Mazur, C. J. Rhodes, and J. Telser,
“Role of oxygen radicals in DNA damage and cancer inci-
dence,” Molecular and Cellular Biochemistry, vol. 266, no. 1/2,
pp. 37-56, 2004.

T. Lawrence, “Macrophages and NF-«B in cancer,” in Current
Topics in Microbiology and Immunology, M. Karin, Ed,,
vol. 349, pp. 171-184, Springer, Berlin, Heidelberg, 2011.

A. Mantovani, P. Allavena, A. Sica, and F. Balkwill, “Cancer-
related inflammation,” Nature, vol. 454, no. 7203, pp. 436-
444, 2008.

E. Voronov, D. S. Shouval, Y. Krelin et al., “IL-1 is required for
tumor invasiveness and angiogenesis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 100, no. 5, pp. 2645-2650, 2003.

F.Entschladen, T. L. Drell, K. Lang, J. Joseph, and K. S. Zaenker,
“Tumour-cell migration, invasion, and metastasis: navigation
by neurotransmitters,” The Lancet Oncology, vol. 5, no. 4,
pp. 254-258, 2004.

T. Tsutsumi, T. Ide, M. Yamato et al., “Modulation of the
myocardial redox state by vagal nerve stimulation after exper-
imental myocardial infarction,” Cardiovascular Research,
vol. 77, no. 4, pp. 713-721, 2008.

K. J. Tracey, “Reflex control of immunity,” Nature Reviews
Immunology, vol. 9, no. 6, pp. 418-428, 2009.

K. Saku, T. Kishi, K. Sakamoto et al., “Afferent vagal nerve
stimulation resets baroreflex neural arc and inhibits sympa-
thetic nerve activity,” Physiological Reports, vol. 2, no. 9, article
el2136, 2014.

Y. Gidron, H. Perry, and M. Glennie, “Does the vagus nerve
inform the brain about preclinical tumours and modulate
them?,” The Lancet Oncology, vol. 6, no. 4, pp. 245-248, 2005.

M. De Couck, B. Mravec, and Y. Gidron, “You may need the
vagus nerve to understand pathophysiology and to treat
diseases,” Clinical Science, vol. 122, no. 7, pp. 323-328, 2012.
N. Erin, P. J. Boyer, R. H. Bonneau, G. A. Clawson, and D. R.
Welch, “Capsaicin-mediated denervation of sensory neurons
promotes mammary tumor metastasis to lung and heart,”
Anticancer Research, vol. 24, no. 2B, pp. 1003-1009, 2004.

N. Erin, G. Akdas Barkan, J. F. Harms, and G. A. Clawson,
“Vagotomy enhances experimental metastases of 4THMpc
breast cancer cells and alters substance P level,” Regulatory
Peptides, vol. 151, no. 1-3, pp. 35-42, 2008.

N. Erin, O. Duymus, S. Oztiirk, and N. Demir, “Activation of
vagus nerve by semapimod alters substance P levels and
decreases breast cancer metastasis,” Regulatory Peptides,
vol. 179, no. 1-3, pp. 101-108, 2012.

N. Al K. Ryberg, ]. Heiman Ullmark et al., “Is acetylcholine a
signaling molecule for human colon cancer progression?,”
Scandinavian Journal of Gastroenterology, vol. 46, no. 4,
pp. 446-455, 2011.

T. B. Kuo, C.J. Lai, Y. T. Huang, and C. C. Yang, “Regression
analysis between heart rate variability and baroreflex-related
vagus nerve activity in rats,” Journal of Cardiovascular Electro-
physiology, vol. 16, no. 8, pp. 864-869, 2005.

C. Mouton, A. Ronson, D. Razavi et al., “The relationship
between heart rate variability and time-course of carcinoem-
bryonic antigen in colorectal cancer,” Autonomic Neurosci-
ence: Basic & Clinical, vol. 166, no. 1-2, pp. 96-99, 2012.

M. De Couck, D. van Brummelen, D. Schallier, J. De Gréve,
and Y. Gidron, “The relationship between vagal nerve activity
and clinical outcomes in prostate and non-small cell lung

[20]

[21]

[22]

(23]

[24]

cancer patients,” Oncology Reports, vol. 30, no. 5, pp. 2435-
2441, 2013.

J. K. Chiang, T. B. Kuo, C. H. Fu, and M. Koo, “Predicting 7-
day survival using heart rate variability in hospice patients
with non-lung cancers,” PLoS One, vol. 8, no. 7, article
€69482, 2013.

M. De Couck, R. Maréchal, S. Moorthamers, J.-L. Van
Laethem, and Y. Gidron, “Vagal nerve activity predicts overall
survival in metastatic pancreatic cancer, mediated by inflam-
mation,” Cancer Epidemiology, vol. 40, pp. 47-51, 2015.

J. M. Dekker, E. G. Schouten, P. Klootwijk, J. Pool, C. A.
Swenne, and D. Kromhout, “Heart rate variability from short
electrocardiographic recordings predicts mortality from all
causes in middle-aged and elderly men: the Zutphen Study,”
American Journal of Epidemiology, vol. 145, no. 10, pp. 899-
908, 1997.

K. T1, K. Hosl, O. Kiess, A. Schanze, J. Kornhuber, and
C. Forster, “BOLD fMRI deactivation of limbic and temporal
brain structures and mood enhancing effect by transcutaneous
vagus nerve stimulation,” Journal of Neural Transmission,
vol. 114, no. 11, pp. 1485-1493, 2007.

R. M. Hamilton, P. S. McKechnie, and P. W. Macfarlane, “Can
cardiac vagal tone be estimated from the 10-second ECG?,”
International Journal of Cardiology, vol. 95, no. 1, pp. 109-
115, 2004.



	The Relationship between a New Biomarker of Vagal Neuroimmunomodulation and Survival in Two Fatal Cancers
	1. Introduction
	2. Materials and Methods
	2.1. Patients
	2.2. Design
	2.3. Measures
	2.3.1. Background Variables and Confounders
	2.3.2. Neuroimmunomodulation Index
	2.3.3. Outcomes

	2.4. Statistical Analysis

	3. Results
	4. Discussion
	Conflicts of Interest
	Acknowledgments

