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Abstract

This position paper documents the merit of including for basic and clinical investigations the mapping
of circadian and other rhythms and yet broader chronomes, time structures in and around us.
Chronobiometry used herein relies on inferential statistical methods and on materials documented
earlier. The circadian amplitude of melatonin is shown to relate both to cancer risk and to the presence
of overt cancer, when no differences are found in the 24-hour average of melatonin. Optimization of
treatment by timing, thoroughly documented along the circadian scale earlier, could be broadened
to include optimization along the scale of the week, and eventually beyond. In both cases, reliance
on marker rhythmometry is advocated. More generally, the limits of knowledge are expanded by
considering already mapped spectral components and their characteristics that can be influenced by
the dynamics of heliogeomagnetic signals heretofore unassessed.
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INTRODUCTION

The merit of consulting and testing chronomes — time structures—as gauges of health for
alterations with disease risk elevation and actual illness was discussed both in general terms
(1,2) and with respect to melatonin and cancer (3), albeit in the latter case without underlying
data or citations. Herein, we provide evidence supporting the importance of considering
chronomics, the mapping of time structure in and around us. More specifically, in the context
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DEDICATION

This series of three papers on cancer chronomics is dedicated to the memory of Erna Halberg, a lady and chronobiologist (43). With an
obstructed bowel, she decided to stay with us until the Erna test (44, cf. 45) was completed. May marker rhythmometry in the diagnosis
and treatment of risk elevation as well as actual disease, cancer, stroke, or other, eventually replace a spotcheck single sample based
health care.”
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of a study based on the 24-hour excretion of metabolites of melatonin (4), it was noted that the
single 24-hour average of melatonin does not provide necessarily time-keeping information
and that studies “which demonstrate relationships between cancer risk and melatonin excretion,
find this relationship between circadian amplitude or phase (time of melatonin upswing), not
the average amount of melatonin metabolite excreted in 24 hours”. We here add data on the
circadian amplitude that document the point of an association between cancer on the one hand
and melatonin on the other and abstractly illustrate the need to also pay attention to other
dynamic characteristics, phase and period. The detail concerns separately risk assessment,
Figure 1a (5), and established cancer, Figures 1b and 1c (6-9). We amplify further on the
importance of other time scales, including those of age, Figure 2 (10; see also 11), and of the
week in Figure 3 (1) and provide citations for the importance of the scale of a set of calendar-
year or photic and other non-photic biological and environmental periodisms.

In none of the figures shown herein is there any evidence for any up or down “regulation”—
the kind of question raised when comparing, for two groups examined, the excretion of urinary
melatonin metabolites in 24-hour samples collected to integrate, and inadvertently to eliminate
any alteration of 24-hour rhythms. This is a meritorious approach as compared to spotchecks
that are even simpler to collect and continue to characterize much current work, dispensing
even with this minimal precaution of integrating over the period of a rhythm.

But there can be no increase or decrease in the chronome-adjusted average, i.e. the MESOR
(midline-estimating statistic of rhythm), yet there can be nonetheless differences in variability.
In each case herein, the difference lies in the dynamics and is lost if we ask, as is too often
customary, exclusively about any “too much” or “too little” vs. “normal”, the latter two often
handled as a constant. This approach of refraining from the study of rhythms is embraced for
the sake of simplicity (read ignorance), or rather, with the accumulating evidence, as an aspect
of indolence. It will be up to journal editors and referees, under such conditions when
encountering negative results, to insist that it should be specified that the failure to find a
difference could stem from a priori insufficient sampling and that more sampling remains to
be done, if, in the face of ignoring broader chronomics, a paper is to be published at all.

MATERIALS AND METHODS

Chronobiometry used herein relies on inferential statistical methods and on materials
illustrated, if not documented earlier (1).

RESULTS OR, RATHER, POSITION

Melatonin and Cancer Risk Versus Overt Cancer

Figure 1a shows that in the absence of known human cancer, the circadian amplitude of urinary
melatonin excretion was elevated in women at high vs. low familial breast cancer risk (P=0.05)
(5). There was no inter-group difference in the MESOR. Figure 1b shows that in overt cancer,
irrespective of cancer site, the circadian amplitude of melatonin in cancer was smaller than that
in health (P<0.05) (6-9). This result applied equally to men and women, again in the absence
of a difference in MESOR. A cosinor analysis of the Figure 1b data, Figure 1c, reveals the
statistical significance of the findings (6-9). In relation to both cancer risk and to overt cancer,
differences in melatonin dynamics were found in relation to the circadian melatonin amplitude,
in the absence of any difference in melatonin MESOR. This finding also applies to aging (6,
10). In the data published on the topic (11), a logyg-transformation was needed to demonstrate
a statistically significant difference in the circadian amplitude of melatonin as a function of
age, a finding qualified by the fact that this procedure amplifies low values, including noise.
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However large the number of patients is, a difference in amplitude necessarily implies that any
tests at several different time-unqualified single sampling times are likely to run the risk of
yielding confusing results. Thus, between certain test times, an inter-group difference can
reverse sign when testing during the night (e.g., in overnight urine samples) vs. during the day
(e.g., in the urine collected in the afternoon), Figure 1b (6-9). Both differences will be
misleading when there is actually no difference in average (MESORY) operating concentration,
as is the case in Figure 1.

The group results with fractionated samples around the clock revealing differences in circadian
amplitude are compatible with the view that the increase in circadian amplitude of melatonin
excretion, in the absence of an increase in MESOR, constitutes an early measure of strain, often
described as “stress” (12-14). In that perspective, early stress/strain assessment requires an
indispensable analysis of time structure. These lessons may serve those who focus only upon
too much or too little and use a set of normal values, thereby inadvertently drawing a curtain
of ignorance over the range in which all of our everyday physiology and much early pathology
occur (1,8,9). That timing along the 24-hour and 7-day scales in the case of lentinan can make
the difference between inhibiting and enhancing the growth of a subsequently implanted
malignancy is also noteworthy, Figure 3 (1,15). As a function of timing along the 1-year as
well as 24-hour scales, melatonin can also have different results in carcinogenesis (16-20).
The study prompting the earlier note (3) was carried out in Guernsey (I11 study) (4). In earlier
data from Guernsey, a chronobiological meta-analysis already proved to be useful, yielding
new information in a circadian and circannual perspective (21).

What Referees Should Assess Under “Methods”

Each investigator has several choices: Most of current science still ignores rhythms and
accordingly of necessity is likely to ignore differences in phase, Figure 4, and frequency, Figure
5, that may characterize two groups being compared (22). If so, the blunders can be substantial
as shown at the bottom of each of the two figures. While recognizing the implications of such
differences and to start work that avoids such blunders, Minnesota chronobiology was
developed (22). By comparison, those who use integrated 24-hour sampling, which is inviting
since it seems to be simple, to avoid the vagaries of spotchecks, are relatively safe from
blunders, but they do so at the cost of also getting rid of the dynamics, often a severe limitation.
They may get rid of the baby, i.e., the information they seek, while keeping the bath water.
Editors must then decide what they publish.

We recommend not only the study of the circadian dynamics as pointed out earlier (1-3), but
also to extend one’s scope to a still broader time structure in general terms with thoughts about
important circadian genes (2) and with specific reference to already mapped charts of
chronomes (1,22-24). The approach by chronomics (1,8,9), assessing the dynamics of blood
pressure as well as melatonin, has worked in the study of cardiovascular disease for risk
assessment (25-27) and treatment (26,28), and awaits more general use.

Time-unspecified action, Figure 3 can often be much too simple and cost-ineffective. It can

result in waste in a variety of nonsense responses, Figure 1, Figure 4 and Figure 5. Moreover,
ignoring timing when it leads to the use of conventional schedules may enhance the growth of
a malignancy with the very total dose/week and drug that can be used, with proper timing, in
order to inhibit that growth. No more than a sinusoidal rather than fixed dose/week timing may
account for the difference (29). Furthermore, today not only timing by a marker rhythm (1) but
also manipulating clock genes (30) is a promising new treatment modality. While the examples
in Figure 1,Figure 2,Figure 4 and Figure 5 relate superficially only to circadians, the role of

circaseptans explicitly emerges from Figure 3. A much broader spectrum of rhythms should

also be consulted insofar as it is available (23), with focus upon reciprocal cycles (with similar
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frequency) in and around us, defined as congruent by overlying or partly overlapping 95%
confidence intervals of their periods (31,32).

Beyond Circadian Optimization

For at least the weekly component in a new spectrum of magnetoperiodisms, Ulmer (33; cf.
34) has mathematically modeled an effect on biochemical reactions by feedsideward coupling.
He emphasizes that the geomagnetic field, driven by the solar wind (31,32; cf. 23) which in
turn may respond to the solar magnetic field, may act on charged molecules found in all cells
behaving like a system of sets of pairs of electric or magnetic dipoles. Slight changes in
environmental magnetism with proper frequencies will affect biochemical and biophysical
processes, including the orientation of nucleic acids (35). Ulmer, who encountered circaseptan
rhythms in vitro with overwhelming prominence, Figure 6 (1, cf. 33) and Figure 7 and Table
1 (34), refers in particular to slowly responding tissue with little repair capacity. He considers
biochemical processes that lead to apoptosis, responding to geomagnetics with a very long lag,
illustrated by circaseptans (33,34 and personal communication) and perhaps also by much
longer periods such as months, half-years, years and transyears that have come to the forefront
(23), Figure 8 (36).

DISCUSSION

Circadian problems illustrated herein were exciting by the 1950s (22), had a thorough summary
by 1960 (37), and still await clinical application in the new millennium (1). Broader
chronomics, focusing on time structures outside and in us, are the added challenge in our day.
A protocol for chronoradiotherapy published earlier (scheme 1 in reference 1) awaits
implementation in treatment with radiation. It is best combined with circadian timing that has
already doubled two-year disease-free survival (1).

CONCLUSION

Most of a new, broad transdisciplinary periodic system and other aspects of time structure,
such as trends and chaos, as yet remain to be mapped. This task calls for an international effort
(23,31). At each frequency other than circadian, an unrecognized difference in amplitude
(Figure 1 and Figure 2), phase (Figure 4) or period (Figure 5), can provide misinformation. At
each frequency in a system of environmental cycles, the endpoints amplitude, phase and
waveform can provide new information on earliest changes with risk elevation. One of us (FH)
remembers the debate about partial endogenicity (22,23,31,32,37), now aligned with partial
exogenicity (38-40), which latter led to the proposition by Frank A. Brown Jr. of “autophasing”
during “free-running”. A glass that is half-full is indeed half-empty, and vice versa. But to
carry the analogy further, there is enough “water” at certain frequencies, the circadian in
particular, for everybody to drink. Albert Einstein is credited with saying “Make everything
as simple as possible but not simpler”. Focusing on 24-hour cycles when the answer may lie
in the about-yearly spectral domain (41) is “simpler”. As illustrated in Figure 9 (42), both
components and many others (32) have merit.
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CHRONOBIOLOGY SUCCEEDS WHEN HOMEOSTASIS FAILS: CIRCADIAN AMPLITUDE
(BUT NOT 24-H MEAN) OF URINARY MELATONIN EXCRETION DISCRIMINATES
BETWEEN HIGH RISK AND LOW RISK OF DEVELOPING BREAST CANCER (BCa)*
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CIRCADIAN PATTERN OF SERUM MELATONIN
IN HEALTH VERSUS CANCER DIFFERS
OVERALL BY THE CIRCADIAN AMPLITUDE
BUT NOT BY THE MESOR*

*+—e Health
+--+ Cancer

—1.4

—1.1

—0.5

Melatonin (pg/ml)
Melatonin (pg/mil) (log4o)

T
e
N

AN\

00:00 04:00 08:00 12:00 16:00 20:00 00:00
Time (clock hours)

* A Circadian Amplitudes (A)

* Whereas unwarranted inferences may be drawn from spotchecks limited to
sampling at one or two single timepoints.
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CIRCADIAN MELATONIN RHYTHM DIFFERS
IN AMPLITUDE BETWEEN CANCER PATIENTS
AND HEALTHY SUBJECTS

For @ in Degrees
360° = 24 hours

Rest-Activity

Schedule
Population-Mean Cosinor
Amplitude Acrophase, o
Group N| P |PR|MESOR:*SE (95% Ci) {95% Cl)
A Health - 28 | <0.001| 84| 064+0.08 | ~0.79 (0.67 092 | -39° (29 -50)
B Cancer 39 [<0.001| 77| 0.70+0.06 [[0.57 (0.43 0.70) -48° (-30 -58)
—-P=0.003

Analyses on log -transformed data.

Figure 1.

Figure 1a. Least-squares fit of 24-h cosine curve to urinary melatonin excretion documents
circadian variation and assesses rhythm characteristics as point-and-interval estimates
amenable to inferential statistical testing. Please note (middle) that there is no up- or down-
regulation; there is no difference in MESOR (P = 0.431), in keeping with the Guernsey I11
study (4). By contrast, for the difference in amplitude, the relatively small sample
notwithstanding, the likelihood that the difference is due to random sampling error is small:
0.022 (5). © Halberg.

Figure 1b. In the absence of a difference in MESOR of circulating melatonin, in the face of
no up- or down-regulation, a difference in circadian amplitude is found between a group of 39
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cancer patients and that of 28 healthy subjects. Cancer patients have numerically lower
circulating melatonin concentrations during the rest span but statistically significantly higher
melatonin concentrations during the active span (around noon). Inter-group difference in
MESOR is not statistically significant (NS). Note further a P of 0.032 for a difference around
noon, which reverses sign around midnight (6-9). © Halberg.

Figure 1c. Cosinor display of circadian rhythm in circulating melatonin concentration in cancer
patients by comparison with healthy subjects. © Halberg.
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INCREASED RESOLUTION BY LOG4;-TRANSFORMATION OF DATA (RIGHT)
REVEALS AGE EFFECT ON CIRCULATING MELATONIN*
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* Circadian waveform of circulating melatonin in two age groups approximated by model consisting of cosine curves
with periods of 24 and 12 hours.
**P-value from test of equality of 24-hour amplitudes of young (A} and cld {Ay) subjects (H, : Ay = Ag).

Figure 2.

In data taken from a published graph (11), a smaller circadian amplitude can be demonstrated
in older subjects when the data have been log,o-transformed (right), but not when they are
expressed in original units (left) (10). In this case, the transformation reveals to the naked eye
the inter-group difference by daytime. © Halberg.
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With or Without Chronobiologic Patterning, The Same Total Dose Per Week
of LENTINAN Inhibits Or Enhances Malignant Growth, Respectively
As Compared to Saline-Treated Controls

One Way ANOVA; F = 8.707
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* Key: treatment during active (A) or rest (R) span with sinusoidal weekly pattern (S) or equal daily doses (E);
P <.01. Difference in size corresponds to 50% difference in survivai time; N = N of animals.

Therapeutic optimization by timing drug administration according to biologic week and day.
Halberg E and Halberg F: Chronobiologia 7:95-120, 1980.

Figure 3.

The same total dose of the same molecule, lentinan, depending on the circadian and circaseptan
patterns of its administration, stimulates the growth of a malignancy on a conventional

administration pattern while it inhibits the malignancy with sinusoidal administration (1). An
undesirable harmful effect becomes a desirable one by accounting for chronomics. © Halberg.
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RHYTHMS: ESSENTIAL CONTROL INFORMATION !
SPOTCHECKS COMPARING TWO RHYTHMS (A vs. B)
THAT ARE OUT OF PHASE CAN FALSELY SHOW NO OR

OPPOSITE DIFFERENCES WHEN NONE EXIST

IN OVERALL MEAN VALUES#*
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* Dangers of time-unspecified spotchecks from unrecognized phase-shifts of one of
two rhythms being compared at unspecified times: At 6 a.m. A is bigger than
B, the opposite is found at 6 p.m. and at noon or midnight there is
no difference. Columns in bold show different including opposite results

obtained on the same day 6 hours apart. Many other intermediate differences are
not shown.

M = MESOR, A = amplitude, T = period (hours), (]) = acrophase. a.u. = arbitrary

units.

Figure 4.

Blunders (bottom) due to the fact that two rhythms are out of phase. Top: two sinusoids, A and
B, with the same period and the same average representing two rhythms being compared.
Curves are in antiphase, one peaking when the other has a trough. At the midline crossing,
there will be no difference, as shown by two columns below. At the peak of A at 06:00, A>B,
and the opposite will be found by somebody checking at 18:00. By integrating over 24 h, such
blunders can be avoided, but information on the behavior of rhythm characteristics such as
amplitudes (Figure 1 and Figure 2) is lost (22). © Halberg.
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RHYTHMS: ESSENTIAL CONTROL INFORMATION !
SPOTCHECKS COMPARING TWO RHYTHMS (A vs. B)
THAT HAVE DIFFERENT PERIODS CAN FALSELY SHOW
NO OR OPPOSITE DIFFERENCES WHEN NONE EXIST
IN OVERALL MEAN VALUES*
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* Dangers of time-unspecified spotchecks from unrecognized phase-shifts of one of
two rhythms being compared at unspecified times: At one time A is bigger
than B, the opposite is found at another time, and at a third time
there is no difference. Many other intermediate differences are not shown.
Abstract: oversimplified example showing faster what happens more slowly, in the

case of lesser differences in period. ** Documented by model extracted from time
series.

M = MESOR, A = amplitude, T = period (hours), ¢ = acrophase.
a.u. = arbitrary units.

Figure 5.

Artifacts (bottom) arising when sampling on two rhythms with a different period at arbitrary
times (top). Example shows a big difference in period but various similar, including opposite
artifactual differences will come about more slowly with any smaller difference in period,
including an about half-hour difference in the period of the body core temperature rhythm after
blinding in the earliest 1950s that led to the recognition of free-running (22). © Halberg.
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Time dependence of 3-ATP peak

2 in L1210 leukemia cells (after detrending)
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Figure 6.

Time-dependence of B-ATP peak in L1210 leukemia cells (after detrending original data of
W. Ulmer) (1). Note that circaseptan-to-circadian amplitude ratio is larger than unity. Three
other cell cultures also exhibited a prominent circaseptan component and statistically
significant circadian and about-monthly rhythms of smaller amplitude than the circaseptan (not
shown). The circaseptan-to-circadian amplitude ratios are readily seen to vary between 2.5 and
4, Table 1. Nonlinear analyses yield period estimates with 95% confidence intervals covering
24 hours and 7 days, respectively, so that a free-run cannot be validated. Chronobiologic serial
sections exhibit a stable phase throughout the whole observation span. Results pursued in
further research by W. Ulmer with G. Cornélissen (33,34). © Halberg.
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Least Squares Spectrum: L1210 (residuals)
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Figure 7.
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0 6 12 18 24 30 36 42

Spectrum of the detrended data shown in Figure 6 illustrates the relative prominence of the
about-weekly versus the about-daily and about-monthly components. Results pursued in

further research by W. Ulmer with G. Cornélissen (33,34). © Halberg.
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Figure 8.

Time courses of the frequency structures of the speed of the solar wind (SWS) (top) and of an
elderly man’s (FH) systolic and diastolic blood pressure and heart rate, SBP, DBP and HR
(rows 2-4, respectively), examined by gliding spectral windows. Human SBP selectively
resonates with SWS (top 2 sections). Much less, if any resonance, only minor coincident change
with DBP or HR (bottom 2 sections). Aeolian rhythms in gliding spectra of SWS and SBP
change in frequency (smoothly [A] or abruptly [B,C,D], bifurcating [D,F] and rejoining [G],
they also change in amplitude (B) (up to disappearing [C,E] and reappearing). During a nearly
16-year span there are no consistent components with a period averaging precisely 1 year in
the 3 physiologic variables, probably an effect of advancing age. While post hoc ergo propter
hoc reasoning can never be ruled out, an abrupt change on top in SWS is followed in the second
row in SBP by the disappearance of some components, suggesting that as a first demonstration,
some of FH’s cis- and transyear components were driven by the SW [their disappearance with
a lag of about a transyear following the disappearance (subtraction) of the same components
from the SWS spectrum may indicate resonance for an additional cycle]. The persistence of
other spectral features in turn suggests endogenicity, i.e., an evolutionary acquisition of solar
transyear oscillations that may reflect solar dynamics for the past billions of years. Blood
pressure and heart rate data are from a man 70 years of age at start of around-the-clock
monitoring, mostly at 30-min intervals for nearly 16 years, with interruptions (N=2418 daily
averages, total about 55000). Gliding spectra computed with interval = 8 y, resolution low in
time but high in frequency, increment = 1 month, trial periods from 2.5 to 0.4 y, with harmonic
increment = 0.05. Darker shading corresponds to larger amplitude. When several of these broad
bands disappear in the SWS, at E, parts of the bands in SBP also disappear, with a lag (delay)
atE’, while other parts of the originally broader band persist. These components are presumably
built into organisms over billions of years, as persistence without corresponding components
in SWS shows, but can be driven in part by the solar wind, as their disappearence after loss of
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corresponding components in SWS suggests. “Aeolian”, derived from Aeolus, Greek God of
winds, who packed the winds up and then let them loose and had them change. © Halberg.
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Putative circadian (left) and circannual (right) rhythm
of mitotic activity in cancer patients' bone marrow (N=74)
P from ANOVA:  0.00545 <0.00001
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Circannual  <0.001 75 79 581 +0.10 2.16(1.83,2.49) -245°(-235,-255)

P: probability of hypothesis: amplitude=0; N: number of observations;
PR: percent thythm (percentage of variability accounted for by cosine curve).
*Conservative 95% confidence limits in ( ) derived from cosinor ellipse.

Figure 9.

Mitotic activity in the bone marrow of cancer patients is characterized not only by a circadian
rhythm but also by a circannual variation. The waveform of both components is shown by
stacking the data over an idealized cycle (top). Cosinor displays (bottom) readily convey the
prominence of these components and the timing of their overall high values recurring ina cycle.
Data of M Blank (40). © Halberg.
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Circadian and circaseptan aspects of in vitro growth of cancer cells”
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Cell culture P A+SE ¢ (95% CI)
Circadian
B14 0.004 0.014 + 0.004 —327° (291, -3)
CsH <0.001 0.024 + 0.006 —328° (—297, —359)
Glioma <0.001 0.023 + 0.005 —328° (—305, —351)
L1210 <0.001 0.032 £ 0.006 —329° (-307, —351)
Circaseptan
B14 <0.001 0.056 + 0.002 —356° (—351, —360)
CsH <0.001 0.088 + 0.003 —356° (—353, —360)
Glioma <0.001 0.060 + 0.003 —355° (—350, —360)
L1210 <0.001 0.081 £ 0.003 —354° (-349, —358)

*
P: P-value from zero-amplitude (no-rhythm) test; A: amplitude (arbitrary units, after normalization of growth curve); ¢: acrophase, expressed in (negative)

degrees with 360° = period length and 0° = start of cell culture
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