
Ten mammals and one bird were statistically evaluated, revealing a correlation between the independent variable, cancer risk, and 
the dependent variables, body weight and the brain-body weight ratio. This was treated in a system of nonhomogeneous differential 
equations, which graphically show the inclination for said variables and, moreover, the extent of sympathetic activity.

Budgerigars have half the cancer risk of mice, and big mammals are the least susceptible to cancer, possibly because a larger section 
of their brains is occupied by autonomous centers. These centers, which receive autonomous afferent nerves, are believed to perceive 
transformed cells that have lost the anchorage to adjacent cells and generated an excess of surface adrenoceptors. This triggers a 
cascade in the brain, causing extensive noradrenaline discharge from efferent sympathetic fibers in the vicinity of the receptive cell 
that terminates.
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In accordance with the present statistics on ten mammals and one 
bird, the risk of cancer appears to decrease significantly with in-
creasing number of cells, synonymous with body weight. There-
fore, since the suppressor genes are largely evolutionarily immu-
table [1], the assumption of a cellular cancer defence challenges the 
laws of probability, which state that the cancer risk must increase 
with the number of cells.

The aim is to demonstrate that a systemic factor, the autonomic 
nervous system (ANS), which has the ability to innervate tumours 
[2] [3] and eradicate leukemia, lymphomas, and myelomas [4], is 
the primary defence against malignant cancer in mammals and 
birds [5]. 

In addition, ANS enables a connection between psyche and cancer 
and is considered independent of the will. 

I argue that autonomous afferent fibers can perceive cancerous cells 
that lost the anchorage to adjacent cells and induce a hierarchical 
cascade in the brain. This may regulate the selective discharge of 
high levels of noradrenaline from sympathetic efferent fibers in 
the vicinity of the cancer cell, which is the obvious target due to its 
overexpression of adrenoceptors [6].

The discharge may occur in a pulse-like manner, probably with en-
hanced uptake of catecholamines from the surrounding interstitium 
to the nerve terminals, thereby increasing the synthesis of cAMP 
[7] in the cancer cell and accelerating cellular processes, leading to 
depletion of substrates and energy resources.
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The low cancer risk in birds [9] may be attributed to a superior func-
tion of ANS since corpus striatum [10], a basic part of the cerebral 
hemispheres, is proportionally larger in birds and better developed, 
which favours instinctive behaviour and autonomous processes

ANS acts as a mentally based cancer preparedness of variable 
strength formed early in life by conditioning. This explains why a 
particular carcinogen does not necessarily cause cancer in all ex-
posed persons, which is analogous to the limited penetrance of 
some hereditary cancers. 

Mental conditions may be one of the reasons why 

Denmark has one of the highest cancer rates in the world, despite 
huge investments in cancer research and extensive restrictions on 
suspected carcinogens. If so, less focus should be placed on the fa-
vourite of cancer research, carcinogens, in favour of cancer being 
related to passiveness and resignation due to an overprotective 
and controlling welfare society.

It is a discrete systemic factor, divergent from the hematogenous 
flow of catecholamines produced in the adrenal medulla, and it is 
located in the brain as verified by the following: Catecholamines in 
the brain are released by amphetamine, whose therapeutic activity 
predominantly takes place in the central nervous system (CNS). The 
application of amphetamine reduces the incidence of spontaneous 
tumours in mice and rats [8], however, not exclusively within the 
therapeutic CNS-area but throughout the entire body.

Individual susceptibility

n = 11 Average body weight in kg  s Malignant tumours/
sample-size

Quota Weight ratio 
(brain/body)

Elephants African and Asian,           =             4800
♂ + ♀ 

1/3 139.9/105 14 0.00054

Whales Beluga, ♂ + ♀                    =             1000 1/3 [11] 163/105 [12] 16 0.001
Cattle (500 + 600)/2                  =               550 1/3 177.2/105 [13] 18 0.001
Horses (480 + 540)/2                  =               510 1/4 256.3/105 ʺ 26 0.0013
Humans (50 + 90)/2                       =                70 1/5 320/105 ʺ 32 0.02
Dogs (7 + 59)/2                          =                33 1/5 828/105 ʺ 83 0.0035
Cats (4 + 5)/2                            =                4.5 1/5 257.4/105 ʺ 26 0.0066
Rabbits 271♂ of 2.7;                      =               2.86

328♀ of 3.0
1/5 16/599 [14] 267 0.008

Rats Sprague-Dawley:             =            0.380
179♂ of 0.485; 
181♀ of 0.275

1/5 [15] 79/360 ≈ 
0.22

2200 0.0163

Mice B6C3F1: 1471♂ of             =              0.03
0.0291;1452♀ of 
0.030

1/5 [16] 900/2885 
≈ 0.3

3000 0.026

Budgies (0.03 + 0.04)/2                =             0.035 1/3 [17] 0.158 [18] 1581 0.083

Table 1

The frequency of malignant tumours is either given in advance or 
was determined using the tables in the references [19] and [20] for 
rats and mice.

The elephant’s cancer mortality is 4.81% [21] against 11% in hu-
mans. Therefore, 4.81/11 multiplied by 320/105 (the tumour fre-
quency in humans) yields 139.9/105, which equals the tumour 

frequency of elephants. It has been alleged that the elephant’s low 
cancer risk is due to multiple copies of the p53 gene. However, the 
weight and cancer frequency of elephants persuasively match the 
tendency of the other species in the table, except the cat that devi-
ates from this tendency, perhaps because of its independence.

Materials
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Besides the reference [22], allometric formulas are used to calcu-
late the brain-weight, and all weights are calculated in grams: 
log (brain weight) = log 0.809096 + 0.525 log (body weight). 

For rabbits, rats, and mice, a modified formula applies: 

Log (brain weight) = log 0.0626 + 0.7739 log (body weight).

The configuration of the eleven body weights against their respec-
tive cancer frequencies was calculated in EXCEL and forms a hy-
perbola due to the potentiated increase in cancer of small species, 
which precludes a linear regression. However, the power regres-
sion, y = bxa, identical to y = 0.0391x−0.4709, is capable of handling 
this particular configuration, which exhibits strong bonds between 
body weight and the corresponding frequency of cancer. 

The raw data of the eleven species provide the correlation coeffi-
cient, r = 0.923147. Significance:

t = r [(n – 2) / (1 – r2)]1/2 = 7.203688.

The degrees of freedom, n–2 = 11–2, which according to statistic 
tables yield: P <0.001. 

The Power regression, y = bxa = 2.5448x1.0451, from the raw data of 
the weight-ratio brain/body against the frequency of cancer in the 
eleven species yields, r = 0.800187, t = 4.002603, leading to: 
0.001< P <0.01. 

Body weight, w, is equivalent to the number of cells, and the laws 
of probability state that the number of cells and the likelihood of 
occurrence of a malignant cell, C, will increase concomitantly. Para-
doxically, a decrease in the cancer frequency is seen as w increases, 
which argues for the insertion of a compensatory factor, taking into 
account the immutable nature of the suppressor genes. However, 
this ‘paradox’ vanishes in favour of ANS whose trophic centres in 

Methods

Consequently, the body weight, not the brain, must be multiplied 
by an arbitrary ‘sympathetic coefficient’, s, which results in sw. This 
term is subtracted from the above theoretical cancer incidence and 
provides the observed cancer incidence, C – sw = c, or C = sw + c, 
where c qualifies for the independent variable.

The function of w is the brain/body weight ratio, b/w. Their sum, w 
+ b/w, is, as follows, very strongly correlated with sw + c.

The raw data of budgerigars and the ten mammals are inserted into 
w + b/w against sw + c and evaluated by linear regression, y = a + 
bx, identical to y = – 5.6714 + 0.334x. The coefficients, s, are set 
according to the table 1-values, whereby the resulting r2 = 0.999 
delivers a convincing correlation. 

Because of the convincing correlation, the following terms are pro-
portional:   

w + b/w  ∝ sw + c

This is converted to ordinary equations by inserting the dependent 
variables, x1, x2, and x3: 

wx1 + (b/w)x2 = (sw)x3 + c

Subsequently, a regrouping is done to set up the nonhomogeneous 
differential equations in MAPLE: 

diff (x (c), c) ± c = – wx1 – (b/w)x2 + (sw)x3.

The data of budgerigars (Melopsittacus) are uniquely defined, but 
they have an extremely high frequency of spontaneous, malignant 
tumours compared to other birds [18]. However, the frequency is 
only about one half of the tumours found in mice.

The number of spontaneous tumours occurring in Sprague-Dawley 
rats is less than that observed in B6C3F1 mice, whereas some variet-
ies exist in other strains of rats and mice. 

The arbitrary unit, s, in table 1, elaborated in ‘Modelling’, estimates 
the strength of sympathicus. To prevent an incorrect downward 
slope of the brain/body line (figure 3), at least one s in a series of 
three must have a slightly different value, but this does not change 
the tendency of the lines for body weight and sympathicus.

Body weight versus cancer

Weight-ratio brain/body versus cancer

Differential equations

Modelling

the brain are phylogenetically adapted to the size and physiology of 
the species. Therefore, as the ratio between total brain weight and 
increasing body weight typically decreases in the species shown 
in table 1, the brain’s ANS will in a potentiated manner constitute 
a growing proportion of the whole brain simultaneous with in-
creasing body weight. This dynamic relationship means that ANS is 
progressively strengthened against interference from other brain 
structures as described in ‘Discussion’.

Proportionality between w + b/w and sw + c
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{C1 = 0.2546, C2 = 0.00138, C3 = ˗ 5.4518}.

Table 2

Figure 1

All values of table 2 are multiplied by 1000 and inserted into the 
matrices below. 

The coefficient, s, of rats and mice is set to 1/5 body weight. The co-
efficient of budgerigars, s1, is set to 1/3 body weight in accordance 
with the advanced sympathetic activity.

By setting the independent variable c equal to zero, the symboli-
cally resolved coefficients, C1, C2, and C3, can be evaluated by aid 
of usual equations: 

Body 
weight

Brain/
Body

Sympathicus Cancer

Sprague-
Dawley Rats

– 0.380x1 – 0.0163x2   s0.380x3 0.220c

B6C3F1 Mice – 0.030x1 – (1/40)x2    s0.030x3 0.300c
Budgerigars – 0.035x1 – (1/12)x2    s10.035x3 0.158c

Results
The computations for the construction of the following graphs, 
where s = [1/5 1/5 1/3]T, and − c is inserted into ‘diff (x (c), c) ± c’:

x1 (c) = 
+ 5.19583 + 33.39707 c 
+ C1 exp (˗ 24.81245 c) 
+ C2 exp (˗ 373.05978 c) 
+ C3 exp ((135.87224 ˗ 10-7 i) c ˗131 c) 

x2 (c) = 
˗ 0.39054 + 11.90687 c 
+ 1.82118C1 exp (˗ 24.81245 c)
+ 0.08431C2 exp (˗ 373.05979 c) 
+ (˗ 0.31778 + 1.1291310-8 i)C3 exp ((4.87224 ˗ 1.7089210-7 i) c). 
+ 0.33123C3 exp ((4.87224 ˗ 1.7089210-7 i) c) 

x3 (c) = 
+ 26.33635 + 166.59734 c 
+ 5.05693C1 exp (˗ 24.81245 c) 
+ 0.10907C2 exp (˗ 373.05979 c) 
+ (˗ 0.00279 + 1.2854110-10 i)C3 exp ((4.87224 ˗ 1.7089210-7 i) c) 
+ 5.06973C3 exp ((4.87224 ˗ 1.7089210-7 i) c) 

For rats, budgerigars and mice, the increase in cancer risk corre-
sponds to a decrease in body weight and especially sympathetic 
activity offset by an increase in the brain to body. The juxtaposi-
tion of the elephant is legitimate as this configuration is also shown 
below.

Additionally, the lines for whales, horses, and humans became 
computed. According to table 1 and ‘Modelling’, the sympathetic 
coefficients are set to [1/3 1/4 1/5]T, and + c in ‘diff (x (c), c) ± c’ 
prevents an inverted image around the abscissa, probably due to 
the large differences between the values. [Whales horses humans]T

Supplementary results
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The crucial relationship between body weight and sympathicus ver-
sus cancer risk in beluga whales, horses, and humans is maintained 
as is the case in horses, dogs, and rabbits, but the latter group is not 
depicted. This also applies to the brain/body line, which, however, 
shows a greater increase in these groups.

As mentioned in ‘Materials’, at least one in three s must have a dif-
ferent value as the factual increase in brain-body ratio upon de-
creasing body weight will otherwise face downward. For example, 
s is equal to [1/5 1/5 1/5]T in the equations below, yielding a frac-
tion of w that results in Gaussian elimination. The other values are 
identical to the previous matrices. [whales horses humans]T

The symbolically resolved coefficients, C1, C2, and C3, approximate 
zero, so the ‘boundary values’, all with the value zero, are instead 
used for a numerical solution in MAPLE. The configuration for 
horses, dogs, and rabbits, [1/4 1/5 1/5]T, was constructed but not 
shown because it is similar to figure 2.

Figure 2

Figure 3

Discussion

The lines are symbolically resolved: {C1 = 8.93456, 
C2 = 1.01801, C3 = 356.98061}. 
Obviously, the brain/body line decreases when the three s are 
equal, [s s s]T, whereas the lines for body weight and sympathicus 
largely retain their positions and inclinations. This also applies to 
figure. 1 and to the lines for horses, dogs, and rabbits.

The figures were established using mathematics because the per-
formance or magnitude of ANS in different species can hardly be 
determined experimentally. They show that the reduction in sym-
pathetic activity is compatible with increasing cancer risk.

It has been disputed that cancer frequency is inversely related 
to body weight, but unfortunately such statistics are habitually 
adapted to the belief that genes are the decisive factor in the cancer 
defence. In contrast, the current statistics are unbiased, which, by 
virtue of a high level of significance, can be treated in a system of 
differential equations. 

Cancer cells are not strictly autonomous as their numerous surface 
adrenoceptors require a balanced supply of noradrenaline to en-
able proliferation and migration of the transformed cell [23]. 
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However, the transformed cell is wiped out by intensified sympa-
thetic discharge of noradrenaline and not by impaired discharge 
as hypothesized, e.g. in [3]. This mechanism becomes constrained 
when trophic regions of ANS are exposed to interference by sur-
rounding areas of the brain and, according to figure 1, is particular-
ly true in small animals with correspondingly large brains because 
ratio of sympathicus to the whole brain decreases faster than the 
body weight. This can explain the potentiated increase of cancer in 
mice and rats and perhaps also in budgerigars, as this family has 
large brains.

It is appropriate to emphasize that well known neurophysiologi-
cal conditions, for instance the function of the genitals, are regu-
lated by sympathicus and parasympathicus in much the same way 
as may be the case with cancer. These regions, at least in humans, 
are subject to supervision from cortex cerebri, but in infancy the 
neural loops become conditioned, which will henceforth manifest 
as various facets of sexuality. 

The concept of interference between different centers of the brain 
may seem abstract, but it has been established that consciously 
perceived events, possibly traumatic, can interfere with the func-
tions of ANS, thereby causing sexual and hormonal dysfunction and 
other losses [24] [25]. The above reasoning allows the assumption 
that the same is true for the development of cancer.

Citation: Mountcastle V.B. In: Medical Physiology, 14th Edn. St. Lou-
is: Mosby, 1980: pp. 899, 903: 

- ‘The autonomic unification of this system would lead one to pre-
dict a generalized discharge. This seems to be less of a mystery 
than the channelling of activity through this system, which permits 
rather discrete reflex actions and the occurrence of tonic activity 
in only certain of the sympathetic fibers. The centers that control 
this system can, to a great degree, determine whether it discharges 
selectively or totally. Under basal conditions, selective tonic and 
reflex activities occur, but under stress or in anger the system dis-
charges as a whole’. –

Conclusion
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