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Description
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to Singapore patent application SG 201208940-5.
FIELD OF THE INVENTION

[0002] The presentinvention relates to a system and method for deriving parameters for homeostatic feedback control
of an individual. The system and method are particularly suited, but not limited to determine the homeostatic operating
set point of an individual and will be described in this context.

BACKGROUND ART

[0003] The following discussion of the background to the invention is intended to facilitate an understanding of the
present invention only. It should be appreciated that the discussion is not an acknowledgement or admission that any
of the material referred to was published, known or part of the common general knowledge of the person skilled in the
art in any jurisdiction as at the priority date of the invention.

[0004] Under normal conditions, the thyroid gland produces certain predetermined amounts of thyroid hormones as
thyroxin (hereinafter referred to as [T4]), and tri-iodothyronine (hereinafter referred to as [FT3]) for proper regulation of
body functions. In physiology, the main thyroid component to be regulated is the free form of [T4] called free thyroxin
(hereinafter referred to as [FT4]). This regulation mechanism is known to operate according to a negative feedback
process. The level of [FT4] is closely monitored by the hypothalamus pituitary (hereinafter referred to as HP) unit.
[0005] Hypothyroidism and hyperthyroidism are caused by an impaired function of the thyroid gland and manifest as
an imbalance in the production of thyroid hormones. It afflicts a range of mammals including, but not limited to humans.
Hence the term ’patient(s)’ or ’individual(s)’ afflicted by thyroid disease resulting in thyroid hormonal imbalance may refer
to any mammal that is affected. Hypothyroidism results from under-activity of the thyroid with a decrease in production
of thyroid hormones and hyperthyroidism results from over-activity of the thyroid with an increase in production of thyroid
hormones. It is known that the HP compares the level of the [FT4] in the blood stream with a predetermined level or set
point. The HP may stimulate the thyroid to produce more or less [FT4] by means of the thyroid stimulating hormone, the
hormone hereinafter referred to as [TSH]. To illustrate, if the level of [FT4] exceeds the set point level, the stimulation
of [TSH] will be reduced. When the detected level of [FT4] is below the set point level, the amount of [TSH] will be
increased to keep the level of [FT4] as close as possible to the set point value. This negative feedback regulation
mechanism is characterized by the relationship between [FT4] and [TSH].

[0006] There has been ongoing research on the relationship between [FT4] and [TSH]. Nevertheless, most current
research assumes the physiological homeostatic operating set point as a relatively constant value which does not vary
much across individuals.

[0007] Despite existing research on set point and the HPT system, there are currently no well-defined standards or
methods for accurately defining or predicting the physiological homeostatic operating set point of a given individual, in
particular the optimal set point correlating the optimal [TSH] and [FT4] levels for different individuals. There also exists
a need to fine-tune the mathematical models to account for variation between the physiological homeostatic operating
set point of different individuals, the result of the same which may be used for clinical applications.

[0008] The present invention seeks to provide a system and method that meet the above needs at least in part.

SUMMARY OF THE INVENTION

[0009] The inventors have discovered that optimal levels of thyrotropin (thyroid stimulating hormone, [TSH]) and the
corresponding level of free thyroxin (free T4) varies for each unique individual. This is a paradigm shift from the existing
assumption that the physiological homeostatic operating set point is similar across most individuals.

[0010] The normal reference interval of [TSH] and [FT4] values falls within a "knee" region (i.e. defined as the region
with maximum curvature on a graphical plot depicting the relationship between [TSH] and [FT4]). The optimal [TSH]-[FT4]
set point unique to each individual is coincidentally also found at the "knee" region. This suggests an evolutionary survival
advantage conferred by nature on most vertebrates to respond and calibrate their [TSH] output robustly to achieve tight
homeostasis equilibrium of their [FT4] levels within a narrow physiological window.

[0011] The graphical plot, typically in the form of a negative exponential model is further developed to characterize
the relationship between homeostatic measurements (in particular but not limited to the relationship between [FT4] and
[TSH]) as characterised in the following aspects of the present invention.

[0012] In accordance with a first aspect of the present invention, there is provided a method of deriving a physiological
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homeostatic operating set point of an individual comprising the steps of: obtaining a dataset of predetermined number
of homeostatic measurements of the individual; fitting the dataset of predetermined number of homeostatic measurements
according to a negative exponential decay function; and identifying and setting the physiological homeostatic operating
set point unique to the individual as the point corresponding to the point of maximum curvature on the fitted negative
exponential decay function.

[0013] Preferably, each of the predetermined number of homeostatic measurements is a thyroid-stimulating hormone
[TSH] level and a corresponding free thyroxin [FT4] level of the individual, the homeostatic measurements obtained
under controlled predetermined measurement conditions.

[0014] Preferably, the negative exponential decay function is mathematically expressed as the following formula:

S

(TSH]= — 5
exp (@[ £T4])

wherein S is a multiplier parameter; ¢ is a rotational parameter; and exp denotes the exponential function.
[0015] Preferably, the parameters S and ¢ are calculated from a first and a second homeostatic measurements of the
individual according to the following formula:

o= ( 1 )h{ [TSH]zj
[FTA) —[FT4]: ) \ [TSH]:

S = [TSH exp(p[FT4)) = [TSH: exp (@[ FT4])

where the subscript 1 and 2 denote the first and second homeostatic measurement respectively.
[0016] Preferably, the physiological homeostatic operating set point of the individual is determined according to the
following formula:

[FT4]sp= InSpy2) |

1
o2

Where [FT4]sp and [TSH]sp denote the physiological homeostatic operating set point of the individual.

[0017] Preferably, the step of fitting the dataset of predetermined number of homeostatic measurements is based on

interpolation, smoothing or extrapolation techniques.

[0018] Preferably, the method further includes the step of filtering any outlier data from the dataset of predetermined

number of homeostatic measurements before the step of fitting the dataset.

[0019] Preferably, the method further includes a step of validating the fitted negative exponential decay function using

a goodness of fit test (Rsq) comparing with at least three homeostatic measurements.

[0020] Preferably, subsequent to the second homeostatic measurement, the parameters S and ¢ are iteratively fine-

tuned by using each subsequent homeostatic measurement with the first and second - homeostatic measurements.

[0021] Preferably, the point corresponding to the physiological homeostatic operating set point of the individual is
d[TSH] -1
——=—==-0.707

o . _d[FT4] 2

where the value of the first derivative of TSH with respect to FT4 is :

[0022] Preferably, the negative exponential decay function is modified to take into account hysteresis effect in accord-

ance with the following mathematical expression:-

| [TSH]sp =



10

15

20

25

30

35

40

45

50

55

EP 2 928 361 B1

[TSH] = S :
0 aS+exp(p[ FT4)

and the parameter o defines the maximum [TSH] secretion from anterior pituitary under conditions of complete hypothy-
roidism.

[0023] Preferably, the method further comprises the step of validating the physiological homeostatic operating set
point of the individual based on a control system model.

[0024] Preferably, the method comprises an additional step of calculating the loop gain of the obtained physiological
homeostatic operating set point mathematically expressed as:-

g
G =—
e
_[FT4)
Where G, is the calculated loop gain; e is the exponential constant e ~ 2.718; 0.632 and [FT4]setpoint IS

the obtained [FT4] level of the operating set point for the individual, and accepting the obtained physiological homeostatic
operating set point if the calculated G, is greater than 1.

[0025] As an alternative to the [TSH]-[FT4] measurement, each of the predetermined number of homeostatic meas-
urements comprises a thyroid-stimulating hormone [TSH] level and a corresponding triiodothyronine [T3] level .
[0026] Preferably, each homeostatic measurement is obtained by measuring the amount of a homeostatic amino acid
expression product with a detection reagent capable of hybridizing to the homeostatic amino acid expression product.
[0027] Preferably, the detection reagent comprises an antibody and a detectable marker.

[0028] Preferably, the antibody is capable of hybridizing to a thyroid-stimulating hormone.

[0029] Preferably, the antibody is capable of hybridizing to a free thyroxin.

[0030] Preferably, the method further comprises the step of administering a therapeutically effective amount of a
compound that is able to adjust the homeostatic measurements of the individual to the calculated physiological home-
ostatic operating set point unique to the individual. The step of administering a compound is not part of the claimed
invention.

[0031] Preferably, the therapeutically effective compound comprises thyroxin.

[0032] Preferably, the therapeutically effective amount of a compound comprises active iodothyronines or iodothy-
roacetic acids.

[0033] In accordance with a second aspect of the invention there is provided a computer readable medium containing
software instructions that when executed by a computer cause the computer to perform the method as provided in the
first aspect of the invention.

[0034] In accordance with a third aspect of the invention there is provided a system for deriving a physiological
homeostatic operating set point of an individual comprising a processing unit operable to obtain a dataset of predetermined
number of homeostatic measurements of the individual and fit the dataset of predetermined number of homeostatic
measurements according to a negative exponential decay function; wherein the processing unit is further operable to
identify and set the physiological homeostatic operating set point unique to the individual as the point corresponding to
the point of maximum curvature on the fitted negative exponential decay function.

[0035] Preferably, each of the predetermined number of homeostatic measurements is the thyroid-stimulating hormone
(TSH) level and the corresponding free thyroxin (FT4) level when the individual is fully controlled under predetermined
measurement conditions.

[0036] Preferably, the negative exponential decay function is mathematically expressed as the following formula:

S

[TSH]= —>
exp(p[FT4])

Wherein S is a multiplier parameter and ¢ is a rotational parameter; exp denotes the exponential constant e = 2.718.
[0037] Preferably, the parameters S and ¢ are calculated from a first and a second homeostatic measurements of the
individual according to the following formula:
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. ( ' 1 jln([TSH]z)
[FT4]—[FT4):) \[TSH])

S = [TSHY exp(@[ FT4}) = [TSH]: exp(@[ FT4L:)

where the subscript 1 and 2 denote the first and second homeostatic measurement respectively.
[0038] Preferably, the point of maximum curvature corresponding to the physiological homeostatic operating set point
of the individual is determined according to the following formula:

[FT4]sp= In(SpV2)

1
TSH)sp= —=
[7SH] o2
where [FT4]sp and [TSH]sp denote the physiological homeostatic operating set point of the individual.
[0039] As an alternative to the [TSH]-[FT4] measurement each of the predetermined number of homeostatic meas-
urements comprises a thyroid-stimulating hormone (TSH) level and a corresponding triiodothyronine (T3) level. Prefer-
ably, the dataset is fitted based on non-linear regression or a non-linear method of least squares related to an exponential
function.
[0040] Preferably, the dataset is filtered to remove any outlier data from the dataset of predetermined number of
homeostatic measurements before fitting.
[0041] Preferably,the fitted negative exponential decay function is validated using a goodness offit test (Rsq) comparing
at least three distinctly separated sets of homeostatic measurements under predetermined and controlled conditions.
[0042] Preferably, subsequent to the second homeostatic measurement, the parameters S and ¢ are iteratively fine-
tuned by using each subsequent distinctly separated sets of [FT4] and [TSH] measurements.
[0043] Preferably, the point corresponding to the physiological homeostatic operating set point of the individual is
where the value of the first derivative of TSH with respect to FT4 is:

d[TSH] _ -1
d[FT4] 2

[0044] Preferably, the processing unit is operable to validate of the obtained physiological homeostatic operating set
point of the individual based on a control system model.

[0045] Preferably, the processing unit operable to calculate the loop gain of the obtained physiological homeostatic
operating set point mathematically expressed as

=-0.707

Ap
G, =~
e
— [FT4]:etpoint .
Where G, is the calculated loop gain; e is the exponential constant ~ 2.718; 0.632 and [FT4]etpoint is the

obtained [FT4] level of the operating set point for the individual; the processing unit operable to accept the obtained
physiological homeostatic operating set point if the calculated G, is greater than 1.

[0046] Preferably, the negative exponential decay function is modified to take into account hysteresis effect in accord-
ance with the following mathematical expression:-
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S
aS +exp(p[ FT4))

[TSH]=

and the parameter o defines the maximum [TSH] secretion from anterior pituitary under conditions of complete hypothy-
roidism.

[0047] Preferably, a homeostatic measurement is obtained by measuring the amount of a homeostatic amino acid
expression product with a detection reagent capable of hybridizing to the homeostatic amino acid expression product.
[0048] Preferably, the detection reagent comprises an antibody and a detectable marker.

[0049] Preferably,the antibody is capable of hybridizing to a thyroid-stimulating hormone.

[0050] Preferably,the antibody is capable of hybridizing to a free thyroxin.

[0051] Preferably, the system further comprises a means of adjusting the homeostatic measurements of the individual
to the calculated physiological homeostatic operating set point unique to the individual using a therapeutically effective
amount of a compound able to adjust the homeostatic measurements of the individual.

[0052] Preferably, the therapeutically effective amount of a compound comprises thyroxin.

[0053] Preferably, the therapeutically effective amount of a compound comprises active iodothyronines or iodothy-
roacetic acids.

[0054] The invention is defined by the appended claims, the description being only for illustrative purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The present invention will now be described, by way of example only, with reference to the accompanying
drawings, in which:

Fig. 1 is a general flow chart of the method according to an embodiment of the invention;

Fig. 2 illustrates examples of the HP (Hypothalamic - Pituitary) characteristic having the values of S varying between
50 to 10000 and ¢ at a constant value of 0.43 shifting the HP characteristic horizontally along the [FT4] axis;

Fig. 3 depicts the theoretical range of values that ¢ can possibly assume under most clinical circumstances and
illustrate the rotational effects when ¢ is changed;

Fig. 4 shows the fitted negative exponential curves of four individuals (Tan Tock Seng Hospital of Singapore);
Fig. 5 depicts the fitted negative exponential curves of four individuals (Bergmansheil University Hospitals Bochum);
Fig. 6 shows the thyroid transfer characteristic, [FT4] as a function of [TSH].

Fig. 7 illustrates an intersection of the thyroid and pituitary curves at point P locating the set point of an individual;
Fig. 8 illustrates five different inverted characteristics of the thyroid starting in the origin (0,0) intersecting with five
characteristics of the HP resulting in the intersection points A, B, C, and D defining the reference 'normal’ area as
indicated by the dashed lines forming a rectangle. Point X represents the median values of [FT4] = 15 pmol/L and
[TSH] = 1.6 mU/L found in a healthy euthyroid individual.

Fig. 9 illustrates the physiological mechanism explaining the stabilization process of the homeostatic set point.
Fig. 10 shows the clinical trial validation of example 1;

Fig. 11 is the clinical trial validation of example 2;

Fig. 12a and Fig. 12b are the clinical trial validation of example 3;

Fig. 13 is the clinical trial validation of example 4;

Fig. 14 is the clinical trial validation of example 5;

Fig. 15 is the clinical trial validation of example 6 with loop gain calculation for further validation;

Fig. 16 illustrates the hysteresis effect based on the extended model mathematically expressed as equation (9);
Fig. 17 illustrates the hysteresis effect with particular focus or zoom-in on set point region based on the extended
model mathematically expressed in equation (9);

Fig. 18illustrates the hysteresis effect based on an alternative extended model mathematically expressed as equation
(10); and

Fig. 19 illustrates the system according to another embodiment of the invention.

[0056] Other arrangements of the invention are possible and, consequently, the accompanying drawings are not to
be understood as superseding the generality of the preceding description of the invention.

PREFERRED EMBODIMENTS OF THE INVENTION

[0057] Knowledge of the unique individualized set point is expected to tailor diagnostic cut-offs of thyroid hormonal
disorders and improve accuracy of dosing of levothyroxin (L-T4) substitution and anti-thyroid drug therapy.
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[0058] In accordance with an embodiment of the invention there is provided a method 10 of deriving a physiological
homeostatic characteristic curve of an individual. The method 10 comprises the following steps:

a. obtaining a dataset 12 of predetermined number of homeostatic measurements of the individual (step 102);

b. fitting the dataset 12 of predetermined number of homeostatic measurements according to a negative exponential
decay function 14 (step 108); wherein the negative exponential decay function 14 comprises at least two parameters
unique to the individual.

[0059] The dataset 12 may be formed with at least three measurements (step 104), It is to be appreciated that more
measurements would result in a more accurate curve fitting according to the negative exponential decay function 14.
[0060] The method 10 may include a step of filtering outliers from the dataset 12 (step 106) which precedes step 108.
The step of filtering of outliers from the dataset 12 is performed in accordance with principles of data selection as
commonly known to a person skilled in the art.

[0061] The method 10 is particularly suited to derive the hypothalamus pituitary (HP) characteristic of the individual.
The HP characteristic of,the individual relates the level of thyroid-stimulating hormone [TSH] level in milliunits per litre
(mU/L) and the corresponding free thyroxin [FT4] level in picomoles per litre (pmol/L) in the individual. In the following
description, homeostatic measurements would be understood to refer to measurements of the level of [TSH] and cor-
responding [FT4] in an individual.

[0062] The inventors have formulated the relationship between [FT4] and [TSH] as a parameterized negative expo-
nential model (hereinafter referred to as PNEM), with at least two independent model parameters S and ¢ which char-
acterizes the [FT4] -[TSH] relationship on an individual level.

[0063] The relationship is mathematically expressed with the following formula:

’ s ' , '
TSH]= ——2 | . . 1
58] exp(p[ FT4]) e ()

Where S is a multiplier parameter and ¢ is a rotational (exponential) parameter; exp denotes the exponential function
eX, where e is the exponential constant having a value of approximately 2.718.

[0064] Based on empirical tests, equation (1) is valid between the following ranges:-0.01 < [TSH] < 50 mU/L; and

5 < [FT4] < 40 pmol/L.

[0065] Itis to be appreciated that the parameters S and ¢ are unique to the individual.

[0066] Fig. 2 and Fig. 3 illustrate examples of the variation of the factor S, a linear component of the thyrotropic system,
which is related to the [FT4] range; and the variation of the ¢ value, which is the exponential component that represents
the exponential coefficient. Variation of S, with a fixed value for ¢ will horizontally translate the pituitary characteristic
curve along the [FT4] axis where the value of the derivative for the same [TSH] will remain unchanged. Variation of ¢
will *fold /unfold’ the shape of the pituitary characteristic centred on a chosen set of coordinates, i.e. rotate the pituitary
characteristic curve about the chosen set of coordinates.

[0067] Each homeostatic measurement comprises a value of a [TSH] reading and a corresponding [FT4] reading. To
determine the S and ¢ parameters for the individual, at least two well distinguishable homeostatic measurements (i.e.
([FT4]4, [TSH]4) and ([FT4],, [TSH],)) from the individual are obtained with a predetermined time gap in between each
measurement. The measurements are performed on samples taken near the same time of the day by the same analytical
measurement method and ideally applied by one and the same person whenever feasible to minimise errors that can
compromise the accuracy of the model estimates.

[0068] Preferably, the individual measurements are performed in a fasting condition and separated by 6 weeks while
under medical treatment for a hypothyroidism or hyperthyroidism state with the replacement hormone for [T4] leading
to a state of clinical euthyroidism.

[0069] At least two homeostatic measurements could be selected from any of the known levels of thyroid stimulating
hormone [TSH], with corresponding free thyoxine [FT4], free triiodothyronine [FT3], total T4, or total T3. Each homeostatic
measurement may be obtained based on thyroid function test results. For the determination of the S and ¢ parameters
to be meaningful and to facilitate the fitting of step 108, the two measurements should not be identical, but be distin-
guishable from each other. As a general guideline, relatively higher values of [TSH] are preferred.

[0070] Any method known for measuring homeostatic parameters would be suitable, for example, various types of
chromatography, immunochemistry or other methods known to accurately measure the amount of a homeostatic ex-
pression product, as long as the same measurement method is applied by one and the same person.

[0071] Upon obtaining the at least two homeostatic measurements to form a dataset 12, the model parameters S and
@ characteristic may then be determined by solving the following simultaneous equations for the model parameters S
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and ¢ -

_(0:( 1 j]n[[TSH]zj , @)
[FT4)—[FT4}) \ [TSH): |

S = (ISH} (Pl FT41) = [TSH]: cxp(plFT4T) e

where the subscripts 1 and 2 denote the first and second homeostatic measurement respectively.

[0072] Where there is availability of additional homeostatic measurements for addition into the dataset 12, i.e. ([FT4]5,
[TSHI3), ([FT4l4, [TSH]Y)...... etc. it is possible to further fine-tune the value of the parameters, S and ¢ by iterating the
same calculation procedure between the additional homeostatic measurements and the original two measurements
(provided that the thyroid function test results are not repeatedly identical). Such calculation procedure is available in
many common curve fitting tools (i.e. interpolation, smoothing or extrapolation techniques etc.)

[0073] Notably, the parameters ¢ and S are inter-related accordingly for any [FT4]-[TSH] coordinate on the pituitary
characteristic 14 according to the following mathematical formulation:-

(1 S o ” | . - |
V= [[FT4]JIH([TSH]J ' , @

[0074] Once parameters S and ¢ are calculated, and with at least three homeostatic measurements (although two
homeostatic measurements with a distinct difference are possible as long as they are trusted to be reliable) in the dataset
12, the HP characteristic in equation (1) may be curve-fitted based on the measurements in the dataset 12.

[0075] For illustration, the fitted curves (see Fig. 4 and 5) graphically show a pronounced ’knee’ region or curvature
situated in the area of ‘'normal euthyroid reference values’ of [TSH] and [FT4].

[0076] Method 10 (The derived HP characteristic) was validated with two sets of patient data from various sources.
The sources are spread across different geographical locations including Singapore and Germany with different labo-
ratory-specific reference ranges for [TSH] and [FT4], measured in mU/L and pmol/L respectively, and different genetic
background of the respective populations. Each set comprises data obtained from four individuals.

* Set1was obtained from Tan Tock Seng Hospital of Singapore (ethical approval from the National Healthcare Group
Domain Specific Review Board (DSRB 'C’) ethics committee, file number: C/2011/02012)-see Fig. 4; and

*  Set2stems froma subpopulation ofthe NOMOTHETICOS trial at the Bergmannsheil University Hospitals in Bochum,
NRW, Germany (UTN U1111-1122-3273, ClinicalTrials.gov: NCT01145040, approved by the ethics committee of
the Ruhr University of Bochum with file number 3718-10)-see Fig. 5

[0077] From Fig. 4 and 5, the calculated curves from the dataset 12 of twelve different individuals show an excellent
goodness-of-fit of 81% < Rsq < 100% to the measured homeostatic measurements with exclusion of the outliers.
[0078] As a confirmation that the HP characteristic curve must always be deduced from individual patients and cannot
simply be predicted by pre-defining the structural parameters S and ¢ based on current practice; a simulation analysis
on the model, such as Monte Carlo simulation was performed using stochastic values of [FT4] and [TSH] within the
sample space defined by all possible outcomes found in the population ranges according to a log normal distribution.
In the Monte Carlo simulation, the parameters S and ¢ are fixed or pre-set.

[0079] Based on Monte Carlo simulation:- under noise-free ideal circumstances, when the conditions that S = 300 and
¢ = 0.5, both parameters being pre-set are prescribed, the adjusted R-squared varied from 0.4071 to 0.5017 and the F-
statistic is highly significant, with estimated mean S = 300 and mean ¢ = 0.5 associated with infinitesimally small standard
deviations for both estimated parameters,. However, when some noise is introduced (to simulate the real life scenario),
the adjusted R-squared drops to almost zero, and estimated S and ¢ deviating far-off, with the standard deviation of ¢
being relatively high. It is noted that the parameters S and ¢ cannot be back inferred even with little noise in the data.
[0080] The unique and divergent S and ¢ values as seen in the eight patients (illustrated in Fig. 4 and Fig. 5) illustrates
that every individual has a unique set point. This is supported by the fact that the Monte Carlo simulation results described
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above is unable to use a single equation with pre-determined S and ¢ (i.e. S = 300 and ¢ = 0.5) to predict [FT4] and
[TSH]; hence accurately lends support to the conclusion that the S and ¢ parameters are unique across individuals. In
addition to the inter-individual variations in [FT4] and [TSH], other factors which Monte Carlo simulation is unable to
address include:- the high propensity of amplification of a series of minor variability in [FT4] and [TSH] related to diurnal
variations, laboratory errors, differing coefficient of variations of different laboratory assays and other sources of phys-
iological and analytical 'noise’ introduced into the HPT axis system.

[0081] The results support the notion that the parameters S and ¢ must always be retrospectively calculated from real
patients’ [TSH] and [FT4] dataset in the procedure as illustrated by the patients’ HP graphs.

[0082] The obtained HP characteristic curve 14 of the individual is used to derive the physiological homeostatic op-
erating set point 16 of the individual. This may also be referred to as the true euthyroid set point, i.e. the optimal
combination of thyroid-stimulating hormone [TSH] level in milliunits per litre (mU/L) and the corresponding free thyroxin
[FT4] level in picomoles per litre (pmol/L) in the individual.

[0083] In support of the uniqueness theory of the physiological homeostatic operating set point 16, the thyroid transfer
characteristic (shown in Fig. 6), which relates to the secretion of [FT4] by the thyroid with [TSH] as an input according
to the Michaelis-Menten-Hill kinetics in the form of equation (5) below is used:-

K[TSH]

e (5)
2.75 +[TSH]

[FT4]=

[0084] The Michaelis-Menten kinetics is adopted as they are well founded in physiological and biochemical grounds.
The parameter K corresponds to different thyroid secretory capacities derived from the calculated set point. The thyroid
has a slave function and forms an additional function block in the normal (HP) thyroid feedback loop. This implies that
the thyroid itself has no autonomous control about the secretion of demanded [T4] and the resulting [FT4]. The final
[FT4] secretion will be determined by the HP [FT4] discriminating function and the incorporated set point criterion for
[FT4] as embedded in the hypothalamus pituitary (HP) unit. The secretion of [FT4] is thus determined by the HP set
point and the thyroid secretion curves will be derived from that data.

[0085] Based on the Michaelis-Menten kinetics, the homeostatic operating set point 16 of the individual is determined
to correspond to the intersection between HP curve generated by equation (5) (See Fig. 7) and the pituitary function 14.
This is another way of arriving at the unique homeostatic operating set point 16 of the individual.

[0086] Upon obtaining the fitted curve 14, the set point of the individual in the HPT feedback loop corresponds to the
point on the HP function where the sensitivity for any change around this point on the curve is maximal. This means that
this point of optimal sensitivity can be found in the point of maximal curvature of the HP curve of equation (1). Hence,
the HP unit detects deviations of the [FT4] concentration (after its local de-iodination to [FT3]) as a positive or a negative
difference compared with the location on the curve with the highest curvature - i.e. curvature gradient detection. Such
a notion is consistent with biological concepts as will be explained below.

[0087] This point of maximized curvature and thus maximized sensitivity for change can be found according standard
curvature theory applied to the HP function. This result in the following corresponding values of [FT4] and [TSH] for the
set point:-

[FT4]5r = 52V2) ¢‘/_)

[TSHse = (7)

(0\/_

[0088] The setpoint may also be identified by calculating the first derivative of the HP function as presented in equation
(8), where the value of the first derivative corresponds to or approximately -0.707

d[TSH] _ -1
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[0089] In accordance with another embodiment of the invention where like reference numerals designate like parts
thereis a system 200 for deriving a physiological homeostatic operating set point 16 of an individual as illustrated in Fig. 18.
[0090] The system 200 comprises a processing unit 220 operable to obtain a dataset 12 of predetermined number of
homeostatic measurements of the individual and fit the dataset of predetermined number of homeostatic measurements
according to a negative exponential decay function 14; wherein the physiological homeostatic operating set point 16
unique to the individual is identified as the point of maximum curvature on the fitted negative exponential decay function 14.
[0091] In particular, the system 200 may be used to implement the method 10 of the previous embodiment to derive
the hypothalamus pituitary (HP) characteristic of the individual. The HP characteristic of the individual relates the level
of thyroid-stimulating hormone [TSH] level in picomoles per litre (pmol/L) and the corresponding free thyroxin [FT4] level
in milliunits per litre (mU/L) in the individual.

[0092] The system 200 may include each of the predetermined number of homeostatic measurements, which in this
embodiment is the thyroid-stimulating hormone [TSH] level and the corresponding free thyroxin ([FT4]) level when the
individual is fully controlled under predetermined measurement conditions. Examples of fully controlled predetermined
measurement conditions include, for example under a clinical setting/environment obtained by qualified clinicians using
proper measurement apparatus and techniques. The homeostatic measurements may be obtained from clinical data
and/or clinical tests and trials done on the individual. Each homeostatic measurement for each individual is preferably
obtained between a time interval as appropriately defined by a medical practitioner such as a clinician.

[0093] The various equations defining the negative exponential decay function 14 or HP characteristic of the individual
are as laid out in equations (1) to (6) in the earlier embodiment.

[0094] The system 200 may optionally be used for a predetermined number of homeostatic measurements, each
homeostatic measurement comprising the thyroid-stimulating hormone [TSH] level and the corresponding triiodothyro-
nine [T3] level, instead of the [FT4] levels.

[0095] As described in the earlier embodiment, the dataset 12 is fitted based on non-linear regression or a non-linear
method of least squares related to an exponential function.

[0096] The fitted negative exponential decay function 14 may be validated using a goodness of fit test (Rsq) comparing
at least three distinctly separated sets of homeostatic measurements 12 under predetermined and controlled conditions.
[0097] The system 200 may be validated using the clinical data as described in the earlier embodiment.

[0098] Processing unit 220 may be a laptop computer, a desktop computer, mobile computer, smartphones or any
other computing device capable of installing thereon software instructions that when executed by a computer causes
the computer to perform the method 10 as described in the earlier embodiment. Processing unit 220 may further comprise
a user interface for data input, and display of the exponential curve 14 and set point. For purpose of clarity in display,
the system 200 may include some form of indicator colour, preferably a bright colour for display of the exponential curve
14 (step 110). Optionally, the set point 16 may be highlighted in flashing red (or any other colour) and the set point value
may be printed (step 112). Alternatively other types of visual display/representation such as cross-hair pointers or
acoustical feedback via speech synthesis may be used to highlight/feedback/announce the set point to the users.
[0099] The data input interface can be constructed as such that the input data are available in a table (e.g. Excel™
format) and are plotted in the [FT4]-[TSH] plane on a computer screen.

[0100] The data outlier filter removes [FT4]-[TSH] data pairs that are considered outside the possible range of the
defined negative exponential decay function HPT model (PARX). This function can be activated to show the filtered
result in the [FT4]-[TSH] plane on a computer screen.

[0101] The calculation machine or algorithm will use the filtered input data, without outliers and is activated to calculate
the best possible curve fit. The algorithm is based on the method as described in the earlier embodiment, the curve
fitting calculation method being based on non-linear regression or the non-linear method of least squares for obtaining
parameters S, ¢ and obtaining the curve fitted HP characteristic.

[0102] The data output interface shows the fitting result (best fit 'R square’) and is presented in a plot on the screen.
Also the calculated set point may be connected to a printer for printing. (or show the calculated set point as a flashing
red high light)

Hysteresis Effect

[0103] It is to be appreciated that equation (1) may be modified to take into account saturation effects or hysteresis
effects to derive the physiological homeostatic operating set point of an individual. Such hysteresis effects are especially
prominent for lower values of [FT4]. A modified equation (known as extended model) to account for hysteresis is math-
ematically expressed with the following formula:-
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[TSH]=- S
aS +exp(e[FT4])

Wherein the parameters S and ¢ have the same meaning as that depicted in equation (1).

[0104] A model parameter o introduces a new degree of freedom defining the maximum [TSH] secretion from anterior
pituitary under conditions of complete hypothyroidism. This represents the third model parameter o for each individual.
[0105] Under complete hypothyroidism, [FT4] is not detectable (i.e. at very low levels corresponding to near negligible
levels where [FT4] ~ 0), and a maximum [TSH] secretion corresponds to saturation. From a control theory viewpoint,
the system in saturation is a system which is ‘out of control’ or does not achieve stability.

[0106] The hysteresis effect is a non-linear 'memory effect’ and can practically be described by the equation (9) where
only the value of S changes.

[0107] Shown in Fig. 15, where the parameter o is 1/100 resulting in a maximum secretory pituitary capacity of 100
mU/L, itis shown that the hysteresis effect takes place starting in the curve A’ with decreasing [FT4] where [TSH] tends
towards an area of saturation (defined by an area where further decrease in [FT4] does not result in noticeable increase
in [TSH]).

[0108] The saturation results in a physiological condition such that it will take a certain amount of increased [FT4] after
which the saturation effect has been compensated and all physiological processes and conditions have been returned
to the non-saturated situation and the normal physiological response can take place all be it with a shifted HP charac-
teristic. Graphically on Fig. 15, this would mean once the saturation effect has been compensated the [FT4] values
follows curve 'B’ instead of curve 'A’ in its return path (having an S value from 1600 to 16000. This also results in a
shifted set point position, as illustrated in Fig. 16, which shows the enlarged portion of the set points.

[0109] Itis also-observed that when values of [FT4] are saturated at a relatively high [FT4] value such as 40 pmol/L,
the return path after compensation of saturation will result in a change in S value and shifts in the set point.

[0110] Fig. 16 illustrates three curves with different S values illustrating effects of hysteresis, it is appreciated that
shifts in set points compared to original set point is averaged at plus or minus 4.5 pmol/L. The derivative (i.e. gradient)
for each of the set point is identical because of the unchanged exponential coefficient ¢.

[0111] Practically, it is to be appreciated that average [FT4] values of the individual may be calculated to find the
original set point only when hysteresis curves are available. The proposed model equation (9) may be used to work out
the characterization for the maximum TSH secretion from anterior pituitary under conditions of complete hypothyroidism
where [FT4]is not detectable, [TSH] has entered the saturation stage and the system is out of control as described earlier.
[0112] Equation (9) may be further modified to take into account the likelihood that the parameter S is not completely
independent. The modified modelling of the hysteresis behaviour is mathematically expressed as equation (10).

S (10)

[TSH] = — | -
aS + exp((p([F T4]+¢)) ‘ | ‘

Equation (10) introduced an additional fourth exponential shift parameter €. The addition of the parameter ¢ provides an
extra degree of modelling freedom.

[0113] The range of e can be found from -X < ¢ < X where X is a real number between 0 and 10. An added criterion
is that the value of X has to be smaller and in the same order as the value range for [FT4].

[0114] In the alternative modelling, the parameter S remains constant as an original model parameter of the normal
HP characteristic. The effect of changes of the parameter ¢ is illustrated in Fig. 17 where X is 1. It is apparent that the
parameter ¢ has the effect of shifting the complete saturated HP characteristic along the [FT4] axis without affecting the
original value of S.

[0115] For the described embodiments, it is to be appreciated that each measurement for the dataset 12 may be
obtained via a variety of methods, standards and essays; including (but not limited to the example as described below):-
[0116] Anexample of how a measurementfrom the dataset 12 is obtained is via measuring the amount of a homeostatic
amino acid expression product with a detection reagent capable of hybridizing to the homeostatic amino acid expression
product. The detection reagent may be similar to those known in the art. In a preferred embodiment the detection reagent
comprises an antibody and a detectable marker. The amount of a homeostatic amino acid expression relates the level
of thyroid-stimulating hormone [TSH] level in picomoles per litre (pmol/L) and the corresponding free thyroxin [FT4] level
in milliunits per litre (mU/L) in the individual.

[0117] Preferably the detection antibodies to any homeostatic amino acid such as TSH or T4 would be suitable.
Exemplary antibodies must be capable of hybridising to any homeostatic amino acid such as TSH or T4 by having a
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high specific affinity to the target homeostatic amino acid such as TSH or T4. In a preferred embodiment the antibody
is capable of hybridizing to a thyroid-stimulating hormone. In another preferred embodiment the antibody is capable of
hybridizing to a free thyroxin alone or in combination with a second antibody capable of hybridizing to a thyroid-stimulating
hormone. Preferably, the antibody is capable of hybridizing to 90 to 95% of the target homeostatic amino acid to provide
a high specific affinity to the target homeostatic amino acid. The antibodies may include polyclonal, monoclonal, and
humanized, antibodies, conjugated antibodies or any antibodies known in the art suitable for detection.

[0118] Preferably, the detection reagent comprises an antibody and a detectable marker. The antibody may be to any
homeostatic amino acid such as [TSH] or T4. Any detection markers known to demonstrate the amount of antibody
interaction would be suitable, such as GFP, an enzyme linked colorimetric detection marker, biotin conjugates, radiola-
bels, stains or any other detectable markers known to work in detection of the amount of amino acid expression in cell
or mammal. Detection methods may include any of those known in the art such as Western blots, dot blots, IHC, IP,
FACS, ICC, Enzyme-linked immunosorbent assay (ELISA), or any other method for detecting the amount of amino acid
expression in cell or mammal.

[0119] Inone embodiment the system 200 may further comprise a means of obtaining a measurement from the dataset
comprising a detection reagent capable of hybridizing to a homeostatic amino acid expression product and a means of
detecting an interaction between the detection reagent capable of hybridizing to a homeostatic amino acid expression
product and the homeostatic amino acid expression product. This is measured by a concentration of the homeostatic
amino acid expression product in the blood. The reagent may be an antibody as described above and the detection
means may be via ELISA detection.

Therapeutic adjustment

[0120] Anindividual having homeostatic measurements at or near the calculated physiological homeostatic operating
set point unique to the individual is deemed to be in a euthyroid state. Hence, once the physiological homeostatic
operating set point unique to the individual is calculated preferably a therapeutically effective amount of a compound
able to adjust the homeostatic measurements of the individual to the calculated physiological homeostatic operating set
point unique to the individual is administered to the individual. In one embodiment the therapeutically effective amount
of acompound comprises thyroxin. Alternatively, an active iodothyronine, iodothyroacetic acid or combinations of thyroxin
and other iodothyronines or iodothyroacetic acids may be administered. Other compounds such as antithyroid drugs,
sodium perchlorate or radioactive iodine-131 may also be administered to adjust the individual’'s homeostatic measure-
ments to the calculated physiological homeostatic operating set point unique to the individual.

[0121] In one embodiment not part of the invention the system 200 further comprises a means of adjusting the home-
ostatic measurements of the individual to the calculated physiological homeostatic operating set point unique to the
individual using a therapeutically effective amount of a compound able to adjust the homeostatic measurements of the
individual. The therapeutically effective amount of a compound able to adjust the homeostatic measurements of the
individual is as described above.

Physiological theory of the homeostasis process.
[0122] The functions of the HP (curve f1), the function for the curvature of f1 (curve f3) and the derivative of the

curvature function f4, are shown in one graph as depicted in Fig. 9.
[0123] The curvature function f3 is mathematically expressed as:-

f3 — K — .(DZSCXP(—q)X) .
T (+g’S? eéip(—2<0x))"5 o (11)

and K, denotes the point of maximum curvature.
[0124] The theory for the maintenance of homeostasis around the set point is the following.
[0125] The second derivative of Kr is mathematically expressed as: .-

d’K.
PP e— =0 » .
dFT] (12)

[0126] As illustrated in Fig. 9, two extremes on 4 resulting in [FT4], and [FT4], are found. The HP unit in the brain
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measures the gradient and the concentration of [FT4] and uses the criterion [FT4] together with the positive gradient of
[FT4] to disable the thyroid hormone production. When the thyroid production is disabled, the flywheel effect of the T4
and T3 production process will result in the following.

[0127] The [FT4] concentration will pass [FT4],, after that, the gradient becomes zero and will then be negative as a
result of decreasing [FT4]. Then [FT4] will pass [FT4], again, together with the negative gradient of [FT4] and the decision
concentration of [FT4],, the thyroid receives an enabling signal from the HP unit. Just like a switching regulator with
hysteresis found in thermostats.

[0128] Accordingly, by plotting both the graphs of the curvature function and its first derivative (which measures the
rate of change of curvature with respect to [FT4] concentrations) with the superimposed [TSH]-[FT4] curve, it can be
appreciated that fluctuations of [FT4] around the calculated set point will behave such that [FT4] levels on either sides
of the set point tend to oscillate and fall towards the set point to achieve homeostatic equilibrium. In terms of physiology,
this necessarily means that the hypothalamus-pituitary complex must necessarily detect both the [FT4] concentration
and its rate of change (i.e. positive vs. negative 'gradient’) to either disable or enable the thyroid to secrete thyroid
hormones akin to a switching thermostat temperature control regulator. This property of the set point as determined has
been shown to be stable using stability analysis of systems theory. The result is that the set point so calculated is
analogous to stable equilibrium of a ball perched at the bottom of a valley or a conical cup, such that any displacement
of the ball away from the lowest point of the valley or cup (i.e. set point) will lead to the ball rolling back towards it by
virtue of the law of conservation of energy.

Stability of the derived set point based on Loop Gain calculation G

[0129] In addition to a model for deriving the unique homeostatic operating set point of each individual as described
in the earlier embodiments, the inventors had adopted an investigation based on the concept of loop gain as mathemat-
ically expressed in equation (13).

G, =2 | (13)

with e = 2.7182 being the exponential constant; the parameter A is obtained from an enzyme kinetic model, which is
known and may be considered as an alternative model to the MM kinetics model mathematically expressed in equation
(5). The enzyme kinetic model is mathematically expressed as follows:

[FT4]= A{l —exp(—o[TSH])} A (1 4)
and
_ [FT4]setpoint ) R . (1 5)
0.632 : _ .

When the optimal [FT4] of an individual is obtained, the corresponding A and ¢ the rotational (exponential) parameter
is substituted in equation (13) and (15). As an optional added criterion to the earlier described embodiments, in order
for the set-point to be accepted, the value of G| (i.e. the loop gain) must be greater than 1 to indicate stability.

Proof of the set point validity using control theory with Michaelis Menten Thyroid model

[0130] The inventors have adopted an independent proof of the validity of the derived homeostatic operating set point
described in the earlier embodiments based on control theory principles. In particular, the inventors adopted a control
system model where the hypothalamus pituitary system is modeled as a controller unit (referred to as 'HP controller
unit’); and the thyroid interacts with each other under optimal conditions.

[0131] The dynamic transfer functions of the HP and thyroid under such optimal conditions may be written as the first
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derivatives of the respective functions

_ d[Sexp(-plFT4])] _
P d[FT4]

~pSexp(—p[FT4]) = —¢[TSH] (16)

[0132] The thyroid function may be written in the parameterized form of equation (5), expressed as equation (17)

_ K[TSH]

a+[TSH]‘. (7

[FT4]

[0133] Substituting [FT4] with the above equation, the transfer function Gy = d[FT4] / d[TSH] may be re-written as:-

| KUISH] } |
__la+[TSH]| _K(a+[TSH)-K[TSH] _  aK (18)
T AITSH] (a+[TSH]) (a+[TSH]Y’

[0134] Theloop gain is defined as the absolute value of the product of the dynamic transfer functions of HP and thyroid.

| ak@[TSH]

: (19)
(a+[TSH])

G, = IGHPGTI =

G, may thus be expressed as a sole function of [TSH].

[0135] The thyroid and HP controller unit form a negative feedback closed loop control system, maintaining a narrow
area of the set point defined value of [FT4].

[0136] This control is maintained under the condition that the value of the loop gain is at maximum. This maximum is
calculated from the first derivative of G, and investigated under the condition where the first derivative of G, is equal to
zero (i.e. an optimal point).

G, _, (20)
d[TSH]
[0137] This results in
dG,  Ko(a’ - a[TSH)) 1)
d[TSH] . (a+[TSH))
[0138] The extreme value of the loop gain G, is then found according
@ —d[TSH]=0 | | C(22)
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or
[TSH]=a : - - (23)
then
@Ko K

[0139] From equation (23) we see that this loop gain maximum of G;, when [TSH] = a, is only dependent of the MM
model parameter 'K’ and the HP model parameter '¢’.

[0140] When the value of [TSH] of the set point is known, we can establish the belonging MM model parameter ’a’ as
follows:

a=[TSH) (25)

setpoint

[0141] The final MM thyroid model fulfilling the demand of maximum loop gain in the set point is then:

| __ KirsH]
setpoint — [TSH]

seipoint — 5__ (26)

[FT4 ,
+[TSH]

setpoint setpoint

or

K =2[FT4]

setpoint

(27)

[0142] The thyroid model parameters are fundamentally dependent on the values of the set point coordinates dictated
by the properties of the HP.
[0143] This proof shows the independent intersection conditions of the HP and thyroid characteristics in the set point.

Clinical Examples

[0144] Examples of clinical application of the hypothalamic-pituitary-thyroid (HPT) axis set point theory for six individuals
(patients) are as follows.
[0145] Each patient may belong to one or more of the categories as listed below:-

(1) patients with a prior record of their previously normal euthyroid [FT4]-[TSH] data long before the onset of their
thyroid dysfunction

(2) following up prospectively euthyroid people positive for thyroid autoimmune markers over years until their thyroid
disease manifests, upon which the subsequent [FT4]-[TSH] curves plotted with set points calculated can be matched
against the originally normal [FT4]-[TSH]

(3) search existing literature on epidemiology with published laboratory data documenting the natural history of

those who are screened positive for thyroid autoimmune markers associated with an euthyroid state initially and
who then subsequently develop thyroid disease.
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(4) people with total thyroidectomy (e.g. thyroid cancer, massive multinodular goiter, etc) who then require life-long
L-T4; their original pre-operative [FT4]-[TSH] levels would be their original set points

(5) euthyroid people with confirmed normal [FT4]-[TSH] (i.e. true set point) who are transiently induced to hypothy-
roidism (thionamides) and hyperthyroidism (i.e. L-thyroxin or L-T3) in order to generate their unique [TSH]-[FT4]
curves.

(6) euthyroid people with a record of normal [FT4]/[TSH] (i.e. original set point) who received radiation therapy for
head and neck who then developed hypothyroidism requiring LT4 replacement

(7) patients with Graves’ disease (without any prior normal TFT result to serve as set point reference) but who
successfully achieved a sustained clinical remission with antithyroid drug and remained biochemically and clinically
euthyroid without any drug therapy. [FT4)/[TSH] values during the remission may be considered as the original set
point

(8) unusual patients with "euthyroid Graves’ disease", whose [FT4]/[TSH] data pairs are always consistently within
the normal ranges could possibly be considered as their euthyroid set points. These patients are euthyroid due to
a equimolar mixture of [TSH] receptor stimulating and blocking autoantibodies such that their reaction stoichiometric
ratio at the level of the [TSH] receptors leads to neither a hypothyroid nor hyperthyroid state despite presence of
TRADbs in their blood. However, over time, some of these euthyroid GD patients may develop thyrotoxicosis if their
stimulating antibodies exceed blocking antibodies; or conversely, they may develop hypothyroidism if their blocking
antibodies exceed their stimulating antibodies functional concentrations.

Example 1
53yr/ [female

[0146] Personhas 3 sets of normal thyroid function tests done pre-lithium treatment which could represent her euthyroid
set point PRIOR to the development of her Graves’ disease.

Day: 0 53 86 125 210 269
FT4: 53.3 12.5 31.3 11 5 10
TSH: <0.01 <0.01 0.005 0.02 9.05 0.12

Rx: CMzZz20 CMzZ10 CMZ30 CMZ10 LT450 LT450

[0147] Her thyroid was ablated with 18 mCi of radioiodine-131 , following which carbimazole (CMZ) could be stopped
while L-T4 was started at 50 mcg daily. Although she was compliant to LT4, she admitted to being chaotic with the timing
of LT4. As such, the medical practitioner continued with the same dose but told her she must only take it at about the
same time each morning before breakfast. She has some cold intolerance when FT4 was 5 with TSH at 9.05. But on
day 125, she said she does not have any more cold intolerance but has increased bowel movement frequency with soft
stools and diarrhoea, indicating that the latest set of TFT on day 269 must be significantly more thyrotoxic than her
normal euthyroid set point.

[0148] By the method 10 and applying the most appropriate values of S and ¢, the predicted set point is:

[FT4] = 14.28 pmol/L
[TSH] = 2.00 mU/L

[0149] The original 3 sets of TFTs obtained in the years as a pre-lithium screening before she was treated with lithium
carbonate for her bipolar disorder which ultimately triggered her hyperthyroidism were:

Day: 0 680 1047
[FT4]: 14.6 13.9 13.9
[TSH]: 172 298 234

[0150] These hormone levels represented her euthyroid set points and were notably very close to the predicted values
above. Hence, her L-thyroxin doses and target for [FT4] and [TSH] may be adjusted.
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Example 2
52 yr/ female

[0151] Case of stage | medullary thyroid carcinoma diagnosed at day 0. Total thyroidectomy was performed at day
30, following which patient required lifelong L-thyroxin replacement.

[0152] Patient had a documented set of normal thyroid function test pre-operatively at -258 days when she was totally
euthyroid, which meant her original pre-operative [FT4]-[TSH] values must necessarily be the 'true HPT axis set point’.
Her post-op TFT values (as L-thyroxin doses are adjusted) are:

[FT4] (pmol/L): 9 , 12 , 15 , 17 , 19 , 21
[TSH] (mU/L) 2056 ,1324 ,215 ,1.09 ,0.05 ,0.01

[0153] Reconstruction HP curves based on measured set points the Patient shown in Fig. 11
Comment on the set point reconstruction

[0154] Ofthe 2 possible HP curves as plotted, the curve on the left has the better goodness-of-fit as evidenced by the
very high R-squared value of 0.9999.

[0155] The predicted HPT axis set point was:

[FT4] = 13.7 pmol/L & [TSH] = 1.12 mUI/L.

[0156] The patient’s actual HPT set point was:

[FT4] = 13.0 pmol/L & TSH = 1.64 mIU/L.

[0157] Considering that both data pairs are very close in terms of their values and their order of magnitude, the math
model in this example performed reasonably well.

Example 3
63 yr/ male

[0158] Presented to the ophthalmologist with diplopia (double vision). Found to have extraocular muscle features on
CT scans of his orbits consistent with Graves’ ophthalmopathy, but his initial thyroid function test (TFT) was surprisingly
normal. This is thus a classic example of "euthyroid Graves’ disease", which is due to the result of a mixture of TSH
receptor stimulating and blocking polyclonal autoantibodies. The end result is euthyroidism with normal [FT4] and [TSH]
levels. This may arguably be considered as the patient’s original set point as many doctors and even endocrinologists
may argue. The weakness of this argument is that his original HPT set point might well be somewhat different at a time
when such TSH receptor antibodies were non-existent in his system, and the euthyroid TFTs are merely a reflection of
his "new equilibrium or homeostatic point" emerging from the 'tug-of-war’ between the 2 kinds of polyclonal antibodies.
[0159] To demonstrate that a calculated set point by the method 10 as described would prove superior to the range
assumed by the majority of clinicians to be ideal, the following data speak for themselves. One such TFT obtained at
the initial consultation (day 0) while he was still clinically euthyroid showed:

[FT4] = 9 pmol/L (normal range: 8 to 21)
[TSH] = 1.5 mIU/L (normal range: 0.4 to 5.6)

[0160] Duringthe course offollow-up, he gradually developed hypothyroid Graves’ disease due to predominant blocking
antibodies "winning" and overwhelming over his TSH receptor stimulating antibodies and showed symptoms of hypothy-
roidism (very lethargic and sleepy) a year later which was confirmed biochemically. He was thus started on L-thyroxin
from day 456 at 25 mcg daily, and escalated to 50 mcg daily from day 715. Another 2 dose increments were made on
day 1085 and day 1337 (75 mcg L-T4 daily) which led to euthyroidism and resolution of all his hypothyroid symptoms.

Year 1
Day: 352 456 574
FT4 8 8 10

TSH 555 6.78 535
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Year 2
Day: 715 862
FT4 8 12
TSH 6.21 5.02
Year 3

Day: 1051 1085 1337  (still very sleepy in the afternoons)
FT4 12 12 11
TSH 512 7.02 5.21

Year 4
Day: 1499 1681
FT4 13 12

TSH 1.87 3.38

Year 5
Day: 1898 (hefeels at his peak of health!)
FT4 14
TSH 2.32

[0161] Data analysis over the period according to the method is shown in Fig. 12a.

[0162] The results from Fig 12a show the state of a system in distress. There is no serious estimation of a possible
set point position. This situation changes as shown in Fig 12b, showing the Data analysis over the period from the third
to fifth years of treatment.

[0163] From Fig. 12b, it is clear that the predicted set point based on method 10 is found at

[FT4]lgp = 13.72 pmol/L

[TSH]gp = 2.12 mU/L

[0164] This computed set point makes perfect clinical sense, since he was still feeling tired and relatively hypothyroid
when [FT4] = 11 & TSH = 5.21, but he feels a whole lot more energetic when [FT4] = 14 and TSH = 2.32.

[0165] The fact that his TFT at his peak and pink of health (i.e. [FT4] = 14, TSH = 2.32) being almost a perfect match
to the computed set point values ([FT4] = 13.72, TSH = 2.12) indicate that this is the patient’s original HPT axis set point
rather than the initial value obtained. This could thus represent another example where a patient actually feels subjectively
better when his TFTs lie at a certain point which corresponds pretty close to what our model has yielded to be the
supposed set point. The model is therefore able to yield a correct set point while it would likely take clinicians much
longer using traditional "guesswork" to elucidate what his set point should be, not to mention that they may even be
misled by his initial TFT taken prior to onset of hypothyroidism as his "true" set point which would have been a mistake.

Example 4

[0166] The patient is a middle-aged gentleman previously repeatedly tested to be biochemically euthyroid (pre-radi-
otherapy). He then developed nasopharyngeal cancer (NPC) with cervical (neck) lymph nodes metastases which ne-
cessitated radiotherapy to his neck (50 cGy -CentiGrays dose) delivered in 33 fractions with chemotherapy. This led to
radiation-induced thyroiditis and eventual progressive thyroid failure detected 2 years later on routine clinical follow-up.

Date: T1 T2 T3 T4 T5
FT4: 8 , 10 ,104 .10 , 10
TSH: 749 ,407 ,585 ,536 ,4.11

[0167] Overview of two possible tracing methods (see Fig. 13).
The plot (marked 'G’) is based on two selected best possible points and results in a set point of [FT4] = 11.85 pmol/L

19



10

15

20

25

30

35

40

45

50

55

EP 2 928 361 B1

and a value for [TSH] = 2.318 mU/L

[0168] Tracing with an introduced phantom point of [FT4]= 80 pmol/L and a belonging [TSH] = 0.0001 mU/L the result
is obtained in the form of the curve corresponding to a set point of [FT4]= 10.21 pmol/L and a belonging [TSH] = 4.58
mU/L. However, since this phantom pointis assumed and may skew the calculations by deviating off the range compatible
with the optimal operational characteristics of this math model, the plot marked ‘G’ is favoured over the other plot for the
purposes of computing the HPT axis set point.

[0169] Thus, predicted set point is:

FT4 ~ 12 pmol/L
TSH ~ 2.3 mlU/L

[0170] Compare this with his euthyroid TFTs over the 2 years prior to his nasopharyngeal carcinoma:

Date: T1 T2 T3 T4
FT4: 13 13 14 14
TSH: 229 159 133 1.66

[0171] These TFTs would represent his approximate usual HPT axis set point. Taking the average of these 4 sets of
results yield:
Average true set point:

FT4 ~ 13.5 pmol/L
TSH ~ 1.7 mIU/L

[0172] Although not in perfect agreement, the set point calculated falls within less than 2-folds of his true euthyroid
set point, which is clinically far superior and more accurate than what his own oncologist had assumed his euthyroid
TFTs to be, namely TSH between 4.07-5.36 mIU/L and FT4 - 10 pmol/L. While his oncologist replaced thyroid hormones
using LT4 25 mcg once daily to get all his FT4 to about 10 pmol/L, all are significantly below his usual FT4 of around
13-14 pmol/L. Moreover, his usual TSH was between 1.3-2.3 mIU/L, whereas his TSH is mainly now hovering around
4-5+ mlU/L. This suggested that his present levels of FT4 and TSH, though both in the normal ranges are somewhat
relatively more hypothyroid, leading him to feel a bit hypothyroid. Blind targeting of TFTs into the normal population
ranges is still a very standard way of clinicians who usually accept this strategy as the goal of therapy. This however
has its drawbacks as illustrated by this patient. Based on insights from the math model, | judged that the individual
required slightly more L-T4, probably around 37.5 mcg to perhaps 50 mcg daily to get his FT4 and TSH closer to his
original set points (which is considerably near to his computed set point).

Example 5
68yr/ female

[0173] The patient is a case of non-toxic multinodular goiter that eventually had total thyroidectomy due to both com-
pressive symptoms at the thoracic outlet and cosmetic reasons. Her TFTs done prior to surgery were essentially reflective
of her HPT axis homeostatic set point:

Day: -124 17 -1
FT4: 14 14 15
TSH: 0.33 046 0.41

[0174] Total thyroidectomy was performed on day 0. Subsequent post-op TFTs were:
FT4: 3 7 8 10 11 14 18
TSH: 7521 6648 2062 79 093 0.83 0.02

[0175] Using the method 10 (see Fig. 14), the predicted (computed) HPT set point: FT4 ~ 13, TSH =1
Comments: Her original (true) set point showed FT4 ~ 14, TSH ~ 0.4. The calculated results matched reasonably well,
given that variations in TSH are logarithmic and these values are within the same order of magnitude not exceeding 2-
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folds of the true set point.
Example 6 with the example of loop gain calculation
Data Analysis Patient Case Scenario -
59yr/ Female
[0176] Background of goitre (self-detected) but never sought medical advice. Co-morbidity of hypertension (well con-
trolled). No pre-thyroid disease euthyroid TFTs.
[0177] In May 1997, found by polyclinic to have lethargy and cold intolerance. Investigations revealed Hashimoto’s
thyroiditis with elevated TSH and TPO Ab (44.5 U/mL) & Tg Ab (19 U/mL). Tc-99m scintigraphy on 15 May 2007 showed
no nodules and uniform uptake (231 kCts in 272 seconds) ultrasound thyroid revealed heterogenous echotexture in

keeping with Hashimoto’s.

Date: 2/5/97  17/8/98  16/8/99  26/10/99  24/4/02  3/5/05  5/10/05

FT4: 11.5 10.6 12 14 13 13 16
TSH: 8.64 8.71 4.96 3.03 2.32 6.67 1.10
LT4: 25 50 50 50 50 75 100

Date:  23/1/06  21/6/06  19/10/06  12/2/07  14/5/07  1/10/07

FT4: 14 13 12 15 14 11
TSH: 2.18 1.48 2.43 2.65 1.72 4.34
LT4: 100 100 100 100 100 100

Date: 28/07/08  10/12/10  6/5/11 16/3/12

FT4: 13 18 17 15
TSH: 3.12 0.41 0.99 2.20
LT4: 100 100 100 100

[0178] The set point is based on an optimized data set with fitting quality = 0.999. The set point is [FT4] = 14.5 pmol/L
and [TSH] =1.75 mU/L

From the set point data [FT4] = 14.5 pmol/L and [TSH] = 1.75 mU/L the value of the loopgain G, is calculated based on
the exponential thyroid model

G, =42
e
with e = 2.7182
(LFT4] 145 .
0.632 0.632
and
@ =0.40376
we find
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G, =22 _34
e

Which complies to the condition of G, > 1

[0179] The loop gain at this set point is 3.4, and being greater than unity, the feedback loop is operational and stable
in the control system of the patient’'s HPT axis.

[0180] It is to be understood that the above embodiments have been provided only by way of exemplification of this
invention, and that further modifications and improvements thereto would be apparent to persons skilled in the relevant
art and as such are deemed to fall within the broad scope and ambit of the present invention described. Furthermore
although individual embodiments of the invention may have been described it is intended that the invention also covers
combinations of the embodiments discussed.

Claims

1. A computer-implemented method of deriving a physiological homeostatic operating set point of an individual com-
prising the steps of:

a. obtaining a dataset of predetermined number of homeostatic measurements of the individual;

b. fitting the dataset of predetermined number of homeostatic measurements according to a negative exponential
decay function; and

c. identifying and setting the physiological homeostatic operating set point unique to the individual as the point
corresponding to the point of maximum curvature on the fitted negative exponential decay function, wherein
each of the predetermined number of homeostatic measurements is a thyroid-stimulating hormone [TSH] level
and a corresponding free thyroxin [FT4] level of the individual, the homeostatic measurements obtained under
controlled predetermined measurement conditions.

2. A method according to claim 1, wherein the negative exponential decay function is mathematically expressed as
the following formula:

S
exp(p[FT4])

Wherein S is a multiplier parameter; ¢ is a rotational parameter; and exp denotes the exponential function, wherein
preferably the parameters S and ¢ are calculated from a first and a second homeostatic measurements of the
individual according to the following formula:

( 1 j ([TSH]zj
Q= In
[FT4)—[FT4) ) \[ISHY}:

S =[TSH liexp(@[ FT4]) = [TSH J2exp(@[FT 4]2)

[TSH]=

where the subscript 1 and 2 denote the first and second homeostatic measurement respectively, and optionally the
physiological homeostatic operating set point of the individual is determined according to the following formula:

[FT4]sp = M
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Where [FT4]5p and [TSH]gp denote the physiological homeostatic operating set point of the individual, preferably
any measurement subsequent to the second homeostatic measurement, the parameters S and ¢ are iteratively
fine-tuned by using each subsequent homeostatic measurement with the first and second homeostatic measure-
ments.

A method according to any one of the preceding claims, wherein the step of fitting the dataset of predetermined
number of homeostatic measurements is based on interpolation, smoothing or extrapolation techniques, optionally
the method further includes the step of filtering any outlier data from the dataset of predetermined number of
homeostatic measurements before the step of fitting the dataset or a step of validating the fitted negative exponential
decay function using a goodness of fit test (Rsq) comparing with at least three homeostatic measurements.

A method according to claim 2, wherein the point corresponding to the physiological homeostatic operating set point
of the individual is where the value of the first derivative of [TSH] with respect to [FT4] is

diTsH] -1
VTR 0.707

wherein the negative exponential decay function is modified to take into account hysteresis effect in accordance
with the following mathematical expression:-

S

[TSH] =
aS +exp(p[FT4])

and the parameter o defines the maximum [TSH] secretion from anterior pituitary under conditions of complete
hypothyroidism.

A method according to any one of claims 2 to 4, the method comprises an additional step of calculating the loop
gain of the obtained physiological homeostatic operating set point mathematically expressed as:-

A
G, =22
(4
— [FT4]5etpoint
Where G, is the calculated loop gain; e is the exponential constant e ~ 2.718,; 0.632 and [FT4]sgipoint

is the obtained [FT4] level of the operating set point for the individual, and accepting the obtained physiological
homeostatic operating set point if the calculated G, is greater than 1.

A method according to claim 1, wherein the each of the predetermined number of homeostatic measurements
comprises a thyroid-stimulating hormone (TSH) level and a corresponding triiodothyronine (T3) level wherein each
homeostatic measurement is obtained by measuring the amount of a homeostatic amino acid expression product
with a detection reagent capable of hybridizing to the homeostatic amino acid expression product.

A computer readable medium containing software instructions that when executed by a computer cause the computer
to perform the method as claimed in any of claims 1 to 6.

A system for deriving a physiological homeostatic operating set point of an individual comprising:- a processing unit
operable to obtain a dataset of predetermined number of homeostatic measurements of the individual and fit the
dataset of predetermined number of homeostatic measurements according to a negative exponential decay function;
wherein the processing unit is further operable to identify and set the physiological homeostatic operating set point
unique to the individual as the point corresponding to the point of maximum curvature on the fitted negative exponential
decay function, wherein each of the predetermined number of homeostatic measurements is the thyroid-stimulating
hormone (TSH) level and the corresponding free thyroxin (FT4) level when the individual is fully controlled under
predetermined measurement conditions.
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9. A system according to claim 8, wherein the negative exponential decay function is mathematically expressed as
the following formula:

s
exp(p[FT4])

Wherein S is a multiplier parameter and gis a rotational parameter; exp denotes the exponential function eX, where
e is the exponential constant e ~ 2.718.

[TSH]=

10. A system according to claim 9, wherein the parameters S and g are calculated from a first and a second homeostatic
measurements of the individual according to the following formula:

( 1 j ([TSH]zj
Q= In
[FT4L —[FT4):) \[TSH]:

S =[TSH liexp(@[ FT4]) = [TSH J2exp(@[FT 4]2)

where the subscript 1 and 2 denote the first and second homeostatic measurement respectively or, wherein the
point of maximum curvature corresponding to the physiological homeostatic operating set point of the individual is
determined according to the following formula:

(FT4]sr = 250V2) 2)
0
1
TSH lsp = ——
[TSH ] Gy

where [FT4]sp and [TSH]gp denote the physiological homeostatic operating set point of the individual.

11. A system according to claim 8, wherein the each of the predetermined number of homeostatic measurements
comprises a thyroid-stimulating hormone (TSH) level and a corresponding triiodothyronine (T3) level, and optionally
the dataset is fitted based on non-linear regression or a non-linear method of least squares related to an exponential
function, or the dataset is filtered to remove any outlier data from the dataset of predetermined number of homeostatic
measurements before fitting, preferably the fitted negative exponential decay function is validated using a goodness
of fit test (Rsq) comparing at least three distinctly separated sets of homeostatic measurements under predetermined
and controlled conditions.

12. A system according to claim 9, wherein for any measurement subsequent to the second homeostatic measurement,
the parameters S and ¢ are iteratively fine-tuned by using each subsequent distinctly separated sets of [FT4] and
[TSH] measurements.

13. A system according to claim 9, wherein the point corresponding to the physiological homeostatic operating set point
of the individual is where the value of the first derivative of [TSH] with respect to [FT4] is:

d[TSH] -1
d[FT4] 2

and wherein the processing unit is operable to calculate the loop gain of the obtained physiological homeostatic
operating set point mathematically expressed as

=-0.707
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A
G, =22
e
— [FT4]5etpoint
Where G, is the calculated loop gain; e is the exponential constant = 2.718; 0.632 and [FT4]setpoint

is the obtained [FT4] level of the operating set point for the individual; the processing unit operable to accept the
obtained physiological homeostatic operating set point if the calculated G, is greater than 1 and optionally, wherein

the negative exponential decay function is modified to take into account hysteresis effect in accordance with the
following mathematical expression:-

S

[TSH] =
aS +exp(p[FT4])

and the parameter o defines the maximum [TSH] secretion from anterior pituitary under conditions of complete
hypothyroidism.

A system according to claim 8 further comprising a means for obtaining a homeostatic measurement by measuring
the amount of a homeostatic amino acid expression product with a detection reagent capable of hybridizing to the
homeostatic amino acid expression product, wherein optionally the detection reagent comprises an antibody and a
detectable marker.

A system according to claim 8 further comprising a means of adjusting the homeostatic measurements of the
individual to the calculated physiological homeostatic operating set point unique to the individual using a therapeu-
tically effective amount of a compound able to adjust the homeostatic measurements of the individual, wherein the
therapeutically effective amount of a compound comprises thyroxin, active iodothyronines or iodothyroacetic acids.

Patentanspriiche

1.

Computerimplementiertes Verfahren zum Ableiten eines physiologischen Homdostase-Betriebssollwerts eines In-
dividuums, umfassend die folgenden Schritte:

a. Erhalten eines Datensatzes einer vorbestimmten Anzahl von Homd&ostase-Messungen des Individuums;

b. Anpassendes Datensatzes einer vorbestimmten Anzahl von Homd&ostase-Messungen gemaR einer negativen
exponentiellen Zerfallsfunktion; und

c. ldentifizieren und Einstellen des physiologischen Homd&ostase-Betriebssollwerts, der fiir das Individuum spe-
zifisch ist, als Wert, der dem Wert der Maximalkrimmung der angepassten negativen exponentiellen Zerfalls-
funktion entspricht, wobei jede aus der vorbestimmten Anzahl von Hom&ostase-Messungen ein Spiegel des
thyreoidstimulierenden Hormons [TSH] und ein Spiegel des entsprechenden freien Thyroxins [FT4] des Indivi-
duums ist, wobei die Homodostase-Messungen unter kontrollierten vorbestimmten Messbindungen erhalten
werden.

Verfahren nach Anspruch 1, wobei die negative exponentielle Zerfallsfunktion mathematisch durch die folgende
Formel ausgedriickt wird:

S
exp(@[FT4])

worin S ein Multiplikatorparameter ist; ¢ ein Rotationsparameter ist; und exp die exponentielle Funktion bezeichnet,
wobei die Parameter S und ¢ vorzugsweise ausgehend von einer ersten und einer zweiten Homdostase-Messung
des Individuums gemaf der folgenden Formel berechnet werden:

[TSH]=
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- 1 o[ [TSH
\[FT4)—[FT4]:) \[TSH

»

S = [TSH Jiexp(@[FT4]) = [TSH Lexp(¢[FT 4])

worin die tiefgestellten Ziffern 1 und 2 jeweils fir die erste bzw. die zweite Homdostase-Messung stehen und der
physiologische Homd&ostase-Betriebssollwert des Individuums gegebenenfalls gemaR der folgenden Formel be-
stimmt wird:

[FT4]sp = M
4

[TSH |sp = 1

V2

worin [FT4]sp und [TSH]gp fir den physiologischen Homdostase-Betriebssollwert des Individuums stehen, wobei
die Parameter S und ¢ vorzugsweise bei einer jeden Messung nach der zweiten Homdostase-Messung wiederholt
unter Verwendung jeder darauffolgenden Homdostase-Messung mit der ersten und zweiten Homdostase-Messung
feineingestellt werden.

Verfahren nach einem der vorangegangenen Anspriiche, wobei der Schritt des Anpassens des Datensatzes aus
einer vorbestimmten Anzahl von Homdostase-Messungen auf Interpolations-, Glattungs- oder Extrapolationstech-
niken basieren, wobei das Verfahren gegebenenfalls ferner den Schritt des Filterns jeglicher Ausreillerdaten aus
dem Datensatz aus einer vorbestimmten Anzahl von Homdostase-Messungen vor dem Schritt des Anpassens des
Datensatzes oder einen Schritt des Validierens der angepassten negativen exponentiellen Zerfallsfunktion unter
Verwendung eines Anpassungsglitetests (Rsq) umfasst, bei dem zumindest drei Homdostase-Messungen vergli-
chen werden.

Verfahren nach Anspruch 2, wobei der Wert, der dem physiologischen Homd&ostase-Betriebssollwert des Individu-
ums entspricht, jener ist, bei dem der Wert der ersten Ableitung von [TSH] in Bezug auf [FT4]

d[TSH] -1

=—=-0.707
d[FT4] 2

ist, wobei die negative exponentielle Zerfallsfunktion modifiziert wird, um den Hystereseeffekt gemaR dem folgenden
mathematischen Ausdruck zu beriicksichtigen:

S
aS +exp(p[FT4])

[TSH] =
und der Parameter o die maximale [TSH]-Sekretion aus der vorderen Hypophyse unter Bedingungen einer kom-
pletten Hypothyreose definiert.

Verfahren nach einem der Anspriiche 2 bis 4, wobei das Verfahren einen zusatzlichen Schritt des Berechnens der

Schleifenverstarkung des erhaltenen physiologischen Homd&ostase-Betriebssollwerts, die mathematisch wie folgt
ausgedriickt wird:
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_Agp
G, =
€
— [F[vq.]zSollwert
worin G, die berechnete Schleifenverstarkung ist; e die exponentielle Kontstante e ~ 2,718; 09632

ist; und [FT4]gonwert der erhaltene [FT4]-Wert des Betriebssollwerts fiir das Individuum ist, und des Annehmens des
erhaltenen physiologischen Homdéostase-Betriebssollwerts umfasst, falls die berechnete G| gréfer ist als 1.

6. Verfahren nach Anspruch 1, wobei jede aus der vorbestimmten Anzahl von Homd&ostase-Messungen einen Spiegel
des thyreoidstimulierenden Hormons [TSH] und einen entsprechenden Spiegel von Triiodthyronin (T3) umfasst,
wobei jede Homdostase-Messung durch Messen der Menge eines Homdostase-Aminosaureexpressionsprodukts
mit einem Detektionsreagens erhalten wird, das dazu in der Lage ist, an das Homdostase-Aminosaureexpressions-
produkt zu hybridisieren.

7. Computerlesbares Medium, enthaltend Softwarebefehle, die, wenn sie von einem Computer ausgefihrt werden,
auslosen, dass der Computer ein Verfahren nach einem der Anspriiche 1 bis 6 durchflhrt.

8. System zum Ableiten eines physiologischen Homdostase-Betriebssollwerts eines Individuums, umfassend:

eine Prozessoreinheit, die betrieben werden kann, um einen Datensatz aus einer vorbestimmten Anzahl von
Homdostase-Messungen des Individuums zu erhalten und den Datensatz aus einer vorbestimmten Anzahl von
Homdostase-Messungen gemal einer negativen exponentiellen Zerfallsfunktion anzupassen;

wobei die Prozessoreinheit ferner betrieben werden kann, den physiologischen Homdostase-Betriebssollwert,
der fir das Individuum spezifisch ist, als Wert einzustellen, der dem Wert der maximalen Krimmung auf der
angepassten negativen exponentiellen Zerfallsfunktion entspricht, wobei jede aus der vorbestimmten Anzahl
von Homdostase-Messungen der Spiegel des thyreoidstimulierenden Hormons (TSH) und der entsprechende
Spiegel des freien Thyroxins (FT4) ist, wenn das Individuum unter vorbestimmten Messbedingungen vollstédndig
kontrolliert wird.

9. System nach Anspruch 8, wobei die negative exponentielle Zerfallsfunktion Gber die folgende Formel mathematisch
ausgedrlickt wird:

S
exp(@[ FT4])

[TSH]=

worin S ein Multiplikatorparameterist und pein Rotationsparameter ist; exp die exponentielle Funktion eXbezeichnet,
wobei e die exponentielle Konstante e ~ 2,718 ist.

10. System nach Anspruch 9, wobei die Parameter S und ¢ ausgehend von einer ersten und einer zweiten Homdostase-
Messung des Individuums gemaR der folgenden Formel berechnet werden:

~ 1 o [TSHE:
\[FT4)—[FT4)) \[TSHY:

4

S =[TSH i exp(@[ FT4]) = [TSH L:exp(¢[FT 4})

worin die tiefgestellten Ziffern 1 und 2 die erste bzw. die zweite Homdostase-Messung bezeichnen oder, wobei der
Wertder maximalen Krimmung, der dem physiologischen Homdostase-Betriebssollwert des Individuums entspricht,
gemal der folgenden Formel bestimmt wird:
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(FT4)5 ln(.S go\/_ 2)

[TSH Jsr =
gof

worin [FT4]gp und [TSH]gp fiir den physiologischen Homéostase-Betriebssollwert des Individuums stehen.

System nach Anspruch 8, wobei jede aus der vorbestimmten Anzahl von Homdostase-Messungen einen Spiegel
des thyreoidstimulierenden Hormons (TSH) und einen Spiegel des entsprechenden Triiodthyronins (T3) umfasst
und der Datensatz gegebenenfalls basierend auf einer nichtlinearen Regression oder einer nichtlinearen Methode
der kleinsten Quadrate, bezogen auf eine exponentielle Funktion, angepasst wird oder wobei der Datensatz gefiltert
wird, um jegliche Ausreiflerdaten aus dem Datensatz aus einer vorbestimmten Anzahl von Homdostase-Messungen
vor der Anpassung zu entfernen, wobei die angepasste negative exponentielle Zerfallsfunktion unter Verwendung
eines Anpassungsgutetests (Rsq) validiert wird, der zumindest drei unterschiedlich getrennte Satze von Homdos-
tase-Messungen unter vorbestimmten und kontrollierten Bedingungen vergleicht.

System nach Anspruch 9, wobei die Parameter S und ¢ flr jede Messung, die auf die zweite Hom&ostase-Messung
folgt, unter Verwendung jedes darauffolgenden unterschiedlich getrennten Satzes aus [FT4]- und [TSH]-Messungen

wiederholt feineingestellt werden.

System nach Anspruch 9, wobei der Wert, der dem physiologischen Homdostase-Betriebssollwert des Individuums
entspricht, dort liegt, wo der Wert der ersten Ableitung von [TSH] in Bezug auf [FT4] Folgendes ist:

d[TSH] -1
=—=.0707
d[FT4] 2

und wobei die Prozessoreinheit betrieben werden kann, die Schleifenverstarkung des erhaltenen physiologischen
Homoostase-Betriebssollwerts zu berechnen, die mathematisch als

ausgedriickt wird,

Sollwert
0,632
worin G, die berechnete Schleifenverstarkung ist; e die exponentielle Konstante ~ 2,178 ist; ’
und [FT4]sqwert der erhaltene [FT4]-Spiegel des Betriebssollwerts flir das Individuum ist; wobei die Prozessoreinheit

[FT4),,

betrieben werden kann, um den erhaltenen physiologischen Homg&ostase-Betriebssollwert zu akzeptieren, falls die
berechnete G, groRerist als 1, und gegebenenfalls wobei die negative exponentielle Zerfallsfunktion modifiziert ist,

um den Hysterese-Effekt gemal des folgenden mathematischen Ausdrucks zu bertcksichtigen:

S
aS +exp(o| FT4))

[TSH] =

und worin der Parameter o die maximale [TSH]-Sekretion aus der vorderen Hypophyse unter Bedingungen einer
kompletten Hypothyreose definiert.
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System nach Anspruch 8, ferner umfassend ein Mittel zum Erhalten einer Homdostase-Messung durch Messen der
Menge eines homdostatischen Aminosaureexpressionsprodukts mit einem Detektionsreagens, das dazu in der
Lage ist, an das homdostatische Aminosaureexpressionsprodukt zu hybridisieren, wobei das Detektionsreagens
gegebenenfalls einen Antikdrper und einen detektierbaren Marker umfasst.

System nach Anspruch 8, ferner umfassend ein Mittel zum Anpassen der Homdostase-Messungen des Individuums
an den berechneten physiologischen Homdostase-Betriebssollwert, der spezifisch fur das Individuum ist, unter
Verwendung einer therapeutisch wirksamen Menge einer Verbindung, die dazu in der Lage ist, die Homdostase-
Messungen des Individuums anzupassen, wobei die therapeutisch wirksame Menge einer Verbindung Thyroxin,
aktive lodthyronine oder lodthyroessigsauren umfasst.

Revendications

1.

Procédé mis en oeuvre par ordinateur, permettant de déduire un point de consigne de fonctionnement homéostatique
physiologique d’un individu et comprenant les étapes suivantes :

a. obtention d’'un ensemble de données d’'un nombre prédéterminé de mesures homéostatiques de l'individu ;
b. ajustement de I'ensemble de données d’'un nombre prédéterminé de mesures homéostatiques par rapport
a une fonction de décroissance exponentielle négative ; et

c. identification et définition du point de consigne de fonctionnement homéostatique physiologique propre a
lindividu comme étant le point correspondant au point de courbure maximale sur la fonction de décroissance
exponentielle négative ajustée, dans lequel chacune du nombre prédéterminé de mesures homéostatiques est
un taux de thyréostimuline [TSH] et un taux correspondant de thyroxine libre [FT4] de l'individu, les mesures
homéostatiques étant obtenues dans des conditions de mesure prédéterminées controlées.

Procédeé selon la revendication 1, dans lequel la fonction de décroissance exponentielle négative s’exprime mathé-
matiquement par la formule suivante :

exp(e FT4])

[TSH ] =

dans laquelle S est un paramétre multiplicateur ; ¢ est un paramétre de rotation ; et exp désigne la fonction expo-
nentielle, les parameétres S et ¢ se calculant de préférence a partir d’'une premiére et d’'une deuxiéme mesure
homéostatique de I'individu selon la formule suivante :

1 [TSH ]2

[FT4y—[FT4):) \[TSHY

@

S =[T5H lexp(@{ FT4)) =[TSH LexpleFT4]:)

ou les indices 1 et 2 désignent les premiére et deuxieme mesures homéostatiques, respectivement, et le point de
consigne de fonctionnement homéostatique physiologique de l'individu étant optionnellement déterminé selon la
formule suivante :

| @
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[TSH Jsp = —

o3

ou [FT4]sp et [ISH]sp désignent le point de consigne de fonctionnement homéostatique physiologique de l'individu,
de préférence pour toute mesure consécutive a la deuxieme mesure homéostatique, les paramétres S et ¢ étant
affinés de facon itérative au moyen de chaque mesure homéostatique consécutive avec les premiére et deuxieme
mesures homéostatiques.

Procédé selon 'une quelconque des revendications précédentes, dans lequel I'étape d’ajustement de I'ensemble
de données d’'un nombre prédéterminé de mesures homéostatiques s’appuie sur des techniques d’interpolation,
de lissage ou d’extrapolation, le procédé comprenant optionnellement en outre I'étape de filtrage d’éventuelles
données aberrantes de 'ensemble de données d’'un nombre prédéterminé de mesures homéostatiques avant I'étape
d’ajustement de I'ensemble de données ou une étape de validation de la fonction de décroissance exponentielle
négative ajustée a I'aide d'un contrdle de qualité d’ajustement (Rsq) par comparaison avec au moins trois mesures
homéostatiques.

Procédé selon la revendication 2, dans lequel le point correspondant au point de consigne de fonctionnement
homéostatique physiologique de I'individu est I'endroit ou la valeur de la dérivée premiére de TSH par rapport a
FT4 est

d[TSH] -1

=—0.707

d[FT4] 2

dans lequel la fonction de décroissance exponentielle négative est modifi€ée pour tenir compte de I'effet d’hystérésis
selon I'expression mathématique suivante :

S

(TSH]=— —
a8 +exp{p[FT4])

et le parameétre o définit la sécrétion de [TSH] maximale de I'hypophyse antérieure dans des conditions d’hypothy-
roidie totale.

Procédé selon l'une quelconque des revendications 2 a 4, le procédé comprenant une étape supplémentaire de
calcul du gain de boucle du point de consigne de fonctionnement homéostatique physiologique obtenu s’exprimant
mathématiquement sous la forme :

. [I:M'?\‘ﬁi},wwmim
ou GL estle gain de boucle calculé ; e estla constante exponentiellee~ 2,718 ; 0.632 " et [FT4]setpoint
est le taux de [FT4] obtenu du point de consigne de fonctionnement pour l'individu, et I'acceptation du point de

consigne de fonctionnement homéostatique physiologique obtenu sile GL calculé est plus grand que 1.

Procédé selon la revendication 1, dans lequel chacune du nombre prédéterminé de mesures homéostatiques com-
prend un taux de thyréostimuline (TSH) et un taux correspondant de triiodothyronine (T3) dans lequel chaque
mesure homéostatique s’obtient en mesurant la quantité d’'un produit d’expression d’acide aminé homéostatique
avec un réactif de détection capable de s’hybrider au produit d’expression d’acide aminé homéostatique.

Supportlisible par ordinateur contenant des instructions logicielles qui, lorsqu’elles sont exécutées par un ordinateur,

30



10

15

20

25

30

35

40

45

50

55

8.

10.

1.

EP 2 928 361 B1
amenent l'ordinateur a effectuer le procédé selon I'une quelconque des revendications 1 a 6.

Systeme permettant de déduire un point de consigne de fonctionnement homéostatique physiologique d’un individu
et comprenant :

une unité de traitement utilisable pour obtenir un ensemble de données d’'un nombre prédéterminé de mesures
homéostatiques de I'individu et ajuster 'ensemble de données d’'un nombre prédéterminé de mesures homéos-
tatiques par rapport a une fonction de décroissance exponentielle négative ;

dans lequel I'unité de traitement est utilisable en outre pour identifier et définir le point de consigne de fonction-
nement homéostatique physiologique propre a l'individu comme étant le point correspondant au point de cour-
bure maximale sur la fonction de décroissance exponentielle négative ajustée, dans lequel chacune du nombre
prédéterminé de mesures homéostatiques est le taux de thyréostimuline (TSH) et le taux correspondant de
thyroxine libre (FT4) lorsque 'individu est entierement contrélé dans des conditions de mesure prédéterminées.

Systeme selon la revendication 8, dans lequel la fonction de décroissance exponentielle négative s’exprime ma-
thématiquement par la formule suivante :

S
exp(@{ FT4])

[TSH]=

dans laquelle S est un parametre multiplicateur et y est un parametre de rotation ; exp désigne la fonction expo-
nentielle eX, ou e est la constante exponentielle e ~ 2,718.

Systeme selon la revendication 9, dans lequel les parameétres S et y se calculent a partir d’'une premiére et d’'une
deuxiéme mesure homéostatique de I'individu selon la formule suivante :

@ =

.\’

1 LE?’SH]@

n
[TSH

S =[T5H exp(@{ FT4))) = [TSH Jexplp| FT 4]2)

ou les indices 1 et 2 désignent les premiére et deuxieme mesures homéostatiques, respectivement, ou dans lequel
le point de courbure maximale correspondant au point de consigne de fonctionnement homéostatique physiologique
de lindividu est déterminé selon la formule suivante :

[FT4]sr = In(Spy2)
| 9

ou [FT4]sp et [TSH]sp désignent le point de consigne de fonctionnement homéostatique physiologique de 'individu.

Systeme selon la revendication 8, dans lequel chacune du nombre prédéterminé de mesures homéostatiques
comprend un taux de thyréostimuline (TSH) et un taux correspondant de triiodothyronine (T3), et 'ensemble de
données est optionnellement ajusté sur la base d’'une régression non linéaire ou d’'un procédé non linéaire des
moindres carrés lié¢ a une fonction exponentielle, ou 'ensemble de données est filtré pour éliminer d’éventuelles
données aberrantes de I'ensemble de données d’un nombre prédéterminé de mesures homéostatiques avant ajus-
tement, la fonction de décroissance exponentielle négative ajustée étant de préférence validée a I'aide d’un contréle
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de qualité d’ajustement (Rsq) par comparaison avec au moins trois ensembles distinctement séparés de mesures
homéostatiques dans des conditions prédéterminées et controlées.

Systeme selon la revendication 9, dans lequel pour toute mesure consécutive a la deuxieme mesure homéostatique,
les parametres S et ¢ sont affinés de fagon itérative au moyen de chaque ensemble consécutif distinctement séparé
de mesures de [FT4] et de [TSH].

Systeme selon la revendication 9, dans lequel le point correspondant au point de consigne de fonctionnement
homéostatique physiologique de I'individu est I'endroit ou la valeur de la dérivée premiére de [TSH] par rapport a
[FT4] est :

d[FT4] 2

et dans lequel I'unité de traitement est utilisable pour calculer le gain de boucle du point de consigne de fonction-
nement homéostatique physiologique obtenu s’exprimant mathématiquement sous la forme

. _Ap
€
— [F}"é]wmm
ol GL est le gain de boucle calculé ; e est la constante exponentielle ~ 2,718 ; 0.632 " et [FT4]setpoint

est le taux de [FT4] obtenu du point de consigne de fonctionnement pour I'individu ; 'unité de traitement est utilisable
pour accepter le point de consigne de fonctionnement homéostatique physiologique obtenu sile GL calculé est plus
grand que 1 et optionnellement, dans lequel la fonction de décroissance exponentielle négative est modifiée pour
tenir compte de I'effet d’hystérésis selon I'expression mathématique suivante :

a8 +exp(e[FT4])

[TSH =

et le parameétre o définit la sécrétion de [TSH] maximale de I'hypophyse antérieure dans des conditions d’hypothy-
roidie totale.

Systeme selon la revendication 8 comprenant en outre un moyen permettant d’obtenir une mesure homéostatique
en mesurant la quantité d’un produit d’expression d’acide aminé homéostatique avec un réactif de détection capable
de s’hybrider au produit d’expression d’acide aminé homéostatique, dans lequel le réactif de détection comprend
optionnellement un anticorps et un marqueur détectable.

Systeme selon la revendication 8 comprenant en outre un moyen permettant d’ajuster les mesures homéostatiques
de lindividu par rapport au point calculé de consigne de fonctionnement homéostatique physiologique propre a
l'individu en utilisant une quantité thérapeutiquement efficace d’'un composé apte a ajuster les mesures homéosta-
tiques de l'individu, dans lequel la quantité thérapeutiquement efficace d'un composé comprend de la thyroxine,
des iodothyronines actives ou des acides iodothyroacétiques.
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Patient case scenario 59 year old
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Hysteresis models
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