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(57) Abstract: An administration apparatus to administer an inhibitor drug to a patient to inhibit cell division of a malignant cell
includes an administration unit configured to administer the inhibitor drug to the patient; an administration timing storage unit
configured to store an administration time to start an administration of the inhibitor drug; a time measurement unit configured to
measure a current time; and a control unit configured to drive and control the administration unit so as to administer the inhibitor
drug to the patient when the current time coincides with the administration time. The administration time is set on a basis of a pre-
determined phase of a cell cycle of the malignant cell.
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DESCRIPTION

TITLE OF THE INVENTION

ADMINISTRATION APPARATUS, OPERATING METHOD

THEREOF AND ADMINISTRATION METHOD

TECHNICAL FIELD

The present invention génerally relates to
administration apparatuses, operating methods thereof
and administration methods. More specifically, the
present invention relates to an administration
apparatus, an operating method thereof and an
administration method to administer an inhibitor drug
that inhibits cell division of a malignant cell to a

patient.

BACKGROUND ART

Each document, reference, patent application
or patent cited in this text is expressly
incorporated herein in their entirety by reference,
which means that it should be read and considered by
the reader as part of this text. That the document,
reference, patent application or patent cited in this
text is not repeated in this text is merely for

reasons of conciseness.
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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.

FIGS. 1 through 5 show conventional typical
administration methods and efficacy rates of
anticancer drugs. FIG. 1 is a table showing
conventional administration methods and efficacy
rates of methotrexate. FIG. 2 is a table showing
conventional administration methods 5-fluorouracil.
FIG. 3 is a table showing a randomized trial result
of various treatments that have been conventionally
practiced in Japan, Europe and the United States.
FIG. 4 is a table showing conventional administration
methods of vincristine. FIG. 5 is a table showing
remission rates for various malignant tumors in
conventional administration methods.

All administration methods shown in FIGS. 1
through 5 are methods that perform injections or drip

injections, take drug holidays for weeks until a side
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effect of administrations disappears, and repeat the
administrations (see, for example, Non-patent
Document 1 and Non-patent Document 2).

However, the conventional administration
methods shown in FIGS. 1 through 5 have had a problem
of anticancer drugs not being able to exert their
effectiveness sufficiently because drug solutions are
administrated at arbitrary timing without respect to
a cell cycle of a cancer cell. This regard is
discussed in detail below with reference to
accompanying drawings.

FIG. 6 is a diagram showing an example of a
cell cycle. The cell cycle is a concept of viewing a
process where the cells divide and the number of
cells doubles as a single cycle. The cell cycle is
formed of a cycle composed of respective phases
including a DNA synthesis preparation phase (i.e.,
nymphochrysalis: Gl phase), a DNA synthesis phase (S
phase), a cell division preparation phase
(imagochrysalis: G2 phase), and a cell division phase
(M phase). Here, cells that temporarily or
reversibly stop the cell division are regarded to be
in a stationary phase called GO phase. A single
cancer cell doubles by completing the cell cycle, and

continues to doubly increase. The anticancer drug is
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a generic name of a medical drug, agent or substance
that has a function of inhibiting proliferation of
the cancer cells, and is roughly divided into two
kinds, a time-dependent type drug and a
concentration-dependent type drug. The time-
dependent type drug shows its effectiveness related
to the cell cycle.

It is thought that the time-dependent type
anticancer drug effectively acts on Gl phase of the
cell cycle shown in FIG. 6, and shows the
effectiveness by putting a brake on the progress.
The cancer is composed of many cancer cells, and the
respective cancer cells are in different phases of
the cell cycle. Therefore, even if the anticancer
drug is administered in certain timing, the
effectiveness of the anticancer drug can be obtained
only to the cancer cells in Gl phase at the
administered timing, and the anticancer drug cannot
produce the effect on the cells in the other phases.

Here, if the cell cycle of the cancer cells
is made T, and a period of Gl phase where the
anticancer drug can produce the effect is made t,
when the anticancer drug at first is administered in
a certain timing, a ratio of the number of cells that

the anticancer drug can prevent the cell division is
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t / T to all cells, and a rate of the number of cells
that escape from the effect is (T - t) / T to all
cells. If the conventional administration methods
are repeated n times (where n is an integer), a ratio
of the number of cells that escape from the effect
after n times is ((T - t) / T)".

As an example, if the cell cycle T is made
24h; Gl phase t is made 4h; and the number of
administration is made six times, it is found that
(20 / 24)% = 0.3349 = 33.5% of the cancer cells remain.

That means that the conventional
administration methods have a problem of not being
able to exclude the cancer cells that escape from the
inhibitory effect in theory, even if the frequency of
administration is increased.

Furthermore, because a continuous
administration time is long, there is a problem of a
physical and mental strain of a patient who receives
a dose being great. More specifically, since a small
amount of anticancer drug is diluted with a solution,
and a treatment is carried out by giving the patient
a drip continuously for a long time, the patient
comes to take large volumes of fluid. Because of
this, the patient has to go to a restroom frequently,

which causes a large burden to the patient. Moreover,
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because the conventional administration methods
impose on the kidneys of the patient, there has been
a problem of not being able to perform the
administration to the patient having a kidney
disorder. 1In addition, if the administration is
performed by hospital visit, the best timing can be
midnight, depending on the administration timing. 1In
this case, there has been a problem of the
administration being a burden for both of a
healthcare professional and the patient.

[Non-patent Document 1] ™“Anticancer Report:
Fluorouracil and Leucovorin (Colorectal cancer)”,
online, August 11, 2010 searched,
Internet ,<URL:http://www.mhlw.go.jp/shingi/2004/05/d
1/s0521-50.pdf>

[Non-patent Document 2] “Oncovin”, online,
August 11, 2010 searched, Internet <URL:
http://www.info.pmda.go.jp/go/pack/4240400D1030 2 06/

>

SUMMARY OF INVENTION

Accordingly, embodiments of the present
invention may provide an administration apparatus, an
operating method thereof and an administration method

solving one or more of the problems discussed above


file:///www.mhlw.go.jp/shingi/2004/05/d
http://www.info
pmda.go.jp/go/pack/4240400D1030_2_0
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to at least some extent, or at least provide the
consumer with a useful or commercial choice.

According to a broad aspect of the present
invention, there is provided an administration
apparatus to administer an inhibitor drug to a
patient to inhibit cell division of a malignant cell
including:

an administration unit configured to
administer the inhibitor drug to the patient;

an administration timing storage unit
configured to store an administration time to start
an administration of the inhibitor drug;

a time measurement unit configured to
measure a current time; and

a control unit configured to drive and
control the administration unit so as to administer
the inhibitor drug to the patient when the current
time coincides with the administration time,

wherein the administration time is set on a
basis of a predetermined phase of a cell cycle of the
malignant cell.

Preferably, a phase when a cell division
inhibition effect by the inhibitor drug is the
highest is selected as the predetermined phase in the

cell cycle;
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the cell cycle is divided into a plurality
of groups by a predetermined period not more than a
duration time of the predetermined phase; and

the administration time is set plural times
at not less than (T + t) intervals if the cell cycle
is made T, and the predetermined period is made t,
and is set so that a difference of respective
administration times for the plurality of groups is
less than a two cycle period.

Preferably, the predetermined period is set
at the duration time of the predetermined phase.

Preferably, the administration apparatus
further comprises:

an administration period storage unit to
store an administration period to administer the
inhibitor drug continuously,

wherein the administration period is set at
not more than the duration time of the predetermined
phase.

Preferably, the administration time is set
so that intervals before and after the administration
time equal (AT + t) if A is made a constant of a

natural number.

Preferably, the administration apparatus
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further comprises:

an administration rate storage unit to
store an administration rate to administer the
inhibitor drug; and

a medication information input unit to
allow medication information to be input,

wherein a dosage is input and set through
the medication information input unit, and a pair of
continuing administration and non-administration is
made a basic cycle based on the dosage, the
administration time, the administration period, and
the administration rate; and

wherein a whole control including a number
of the units needed to administer the dosage to the
patient, and the control unit perform the whole
control automatically.

Preferably, the administration time is set
at a number not less than the number of the plural
groups.

Preferably, the malignant cell is a cancer
cell; and

the inhibitor drug is a anticancer drug.

Preferably, the inhibitor drug is a drug
solution; and

the administration unit administers the
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drug solution by transfusion to a blood circulating
system in the patient’s body.

Preferably, the administration unit
includes a transfusion pump.

Preferably, the administration unit
includes a blocking unit to block a channel for the
transfusion during the non-administration.

Preferably, the administration unit
includes a flow sensor in the channel for the
transfusion, and

the control unit performs a feedback
control so as to make a flow rate of the drug
solution constant, based on a flow rate value
detected by the flow rate sensor.

Preferably, the administration apparatus
further comprises:

a blocking warning unit to warn that the
channel for the drug solution is blocked,

wherein the control unit blocks the channel
for the drug solution by the blocking unit, and warns
that the channel for the drug solution is blocked by
driving the blocking warning unit if the flow rate
value detected by the flow rate sensor is over a

predetermined standard value.
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According to another broad aspect of the
present invention, there is provided an operating
method of an administration apparatus, the
administration apparatus including,

an administration unit configured to
administer an inhibitor drug to a patient to inhibit
cell division of a malignant cell;

an administration timing storage unit
configured to store an administration time at which
to start an administration of the inhibitor drug;

a time measurement unit configured to
measure a current time;

an administration period storage unit to
store an administration period of administering the
inhibitor drug continuously to the patient; and

a control unit configured to drive and
control the administration unit so as to administer
the inhibitor drug to the patient when the current
time coincides with the administration time,

the operating method including the steps
of:

setting the administration time and the
administration period on a basis of a predetermined
phase of the cell division of the malignant cell;

storing the set administration time in the
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administration time storage unit and the set
administration period in the administration period
storage unit respectively; and

administering the inhibitor drug to the
patient continuously for the administration period
when the current time measured by the time
measurement unit coincides with the administration
time by controlling the administration unit with the
control unit.

According to another broad aspect of the
present invention, there is provided an
administration method to administer an inhibitor drug
to a patient to inhibit cell division of a malignant
cell, including the steps of:

setting an administration time to start an
administration of the inhibitor drug to the patient
on a basis of a predetermined phase of the cell
division of the malignant cell;

storing the set administration time in an
administration time storage unit; and

administering the inhibitor drug to the
patient continuously when the current time coincides
with the administration time stored in the

administration storage unit.
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According to a further broad aspect of the
present invention, there is provided an
administration apparatus to administer an inhibitor
drug to a patient to inhibit cell division of a
malignant cell comprising:

an administration unit configured to
administer the inhibitor drug to the patient;

an administration timing storage unit
configured to store an administration time to start
an administration of the inhibitor drug:;

a time measurement unit configured to
measure a current time; and

a control unit configured to drive and
control the administration unit so as to administer
the inhibitor drug to the patient when the current
time coincides with the administration time;

wherein the administration time is set on a
basis of a predetermined phase of a cell cycle of the
malignant cell;

wherein a phase when a cell division
inhibition effect by the inhibitor drug is the
highest is selected as the predetermined phase in the
cell cycle;

the cell cycle is divided into a plurality

of groups by a predetermined period not more than a
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duration time of the predetermined phase; and

the administration time is set plural times
at not less than (T + t) intervals if the cell cycle
is made T, and the predetermined period is made t,
and is set so that a difference of respective
administration times for the plurality of groups is
less than a two cycle period.

According to another broad aspect of the
present invention, there is provided an operating
method of an administration apparatus, the
administration apparatus including,

an administration unit configured to
administer an inhibitor drug to a patient to inhibit
cell division of a malignant cell;

an administration timing storage unit
configured to store an administration time at which
to start an administration of the inhibitor drug;

a time measurement unit configured to
measure a current time;

an administration period storage unit to
store an administration period of administering the
inhibitor drug continuously to the patient; and

a control unit configured to drive and
control the administration unit so as to administer

the inhibitor drug to the patient when the current
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time coincides with the administration time,

the operating method comprising the steps
of:

setting the administration time and the
administration period on a basis of a predetermined
phase of a cell cycle of the malignant cell, wherein
a phase when a cell division inhibition effect by the
inhibitor drug is the highest is selected as the
predetermined phase in the cell cycle, the cell cycle
is divided into a plurality of groups by a
predetermined period not more than a duration time of
the predetermined phase, and the administration time
is set plural times at not less than (T + t)
intervals if the cell cycle is made T, and the
predetermined period is made t, and is set so that a
difference of respective administration times for the
plurality of groups is less than a two cycle period;

storing the set administration time in the
administration time storage unit and the set
administration period in the administration period
storage unit respectively; and

administering the inhibitor drug to the
patient continuously for the administration period
when the current time measured by the time

measurement unit coincides with the administration
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time by controlling the administration unit with the
control unit.

According to another broad aspect of the
present invention, there is provided an
administration method to administer an inhibitor drug
to a patient to inhibit cell division of a malignant
cell, comprising the steps of:

setting an administration time to start an
administration of the inhibitor drug to the patient
on a basis of a predetermined phase of a cell cycle
of the malignant cell, wherein a phase when a cell
division inhibition effect by the inhibitor drug is
the highest is selected as the predetermined phase in
the cell cycle, the cell cycle is divided into a
plurality of groups by a predetermined period not
more than a duration time of the predetermined phase,
and the administration time is set plural times at
not less than (T + t) intervals if the cell cycle 1is
made T, and the predetermined period is made t, and
is set so that a difference of respective
administration times for the plurality of groups is
less than a two cycle period;

storing the set administration time in an
administration time storage unit; and

administering the inhibitor drug to the
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patient continuously when the current time coincides

with the administration time stored in the

administration storage unit.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more
fully understood and put into practice, preferred
embodiments thereof will now be described with
reference to the accompanying drawings in which:

FIG. 1 is a table showing conventional
administration methods and efficacy rates of
methotrexate;

FIG. 2 is a table showing conventional

administration methods for 5-fluorouracil;

FIG. 3 is a table showing a randomized trial

result of various treatments that have been
conventionally practiced in Japan, Europe and the
United States;

FIG. 4 is a table showing conventional
administration methods of vincristine;

FIG. 5 is a table showing remission rates
for various malignant tumors in conventional
administration methods;

FIG. 6 1is a diagram showing an example of

cell cycle;
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FIG. 7A is a diagram showing an example of a
first administration of an administration method of a
first embodiment;

FIG. 7B is a diagram showing an example of a
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second administration of the administration method of
the first embodiment;

FIG. 7C is a diagram showing an example of a
third administration of the administration method of
the first embodiment;

FIG. 7D is a diagram showing an example of a
sixth administration of the administration method of
the first embodiment;

FIG. 8 is a diagram showing an example of a
configuration of an administration apparatus of the
first embodiment;

FIG. 9 is a diagram showing an example of a
state of having a patient wear the administration
apparatus of the first embodiment;

FIG. 10 is a diagram showing an internal
configuration of an example of a controller of the
administration apparatus of the first embodiment;

FIG. 11 is an example of a processing flow
of an operating method of an administration apparatus
and an administration method using the administration
apparatus of the first embodiment;

FIG. 12 is a diagram showing an example of a
configuration of an administration apparatus of a
second embodiment;

FIG. 13 is a diagram showing an example of a
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configuration of an administration apparatus of a
third embodiment;

FIG. 14A is a diagram showing an example of
a first administration of an operating method of an
administration apparatus and an administration method
of a fourth embodiment;

FIG. 14B is a diagram showing an example of
a second administration of the operating method of
the administration apparatus and the administration
method of the fourth embodiment;

FIG. 14C is a diagram showing an example of
a third administration of the administration method
of the fourth embodiment;

FIG. 14D is a diagram showing an example of
a fourth administration of the operating method of
the administration apparatus and the administration
method of the fourth embodiment;

FIG. 14E is a diagram showing an example of
a sixth administration of the operating method of the
administration apparatus and the administration
method of the fourth embodiment;

FIG. 15A is a diagram showing an example of
a first administration of an operating method of an
administration apparatus and an administration method

of a fifth embodiment;
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FIG. 15B is a diagram showing an example of
a second administration of the operating method of
the administration apparatus and the administration
method of the fifth embodiment;

FIG. 15C is a diagram showing an example of
a third administration of the operating method of the
administration apparatus and the administration
method of the fifth embodiment; and

FIG. 15D is a diagram showing an example of
a sixth administration of the operating method of the
administration apparatus and the administration

method of the fifth embodiment.

DESCRIPTION OF EMBODIMENTS

A description is given below, with
reference to accompanying drawings of embodiments of
the present invention.

FIG. 6 is a diagram showing an example of a
cell cycle. As mentioned above, the cell cycle is a
concept of viewing a process where cells divide and
the number of cells doubles as a single cycle. The
cell cycle is formed of a cycle composed of
respective phases of a DNA synthesis preparation
phase (i.e., nymphochrysalis: Gl phase), a DNA

synthesis phase (S phase), a cell division
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preparation phase (imagochrysalis: G2 phase), and a
cell division phase (M phase). A cancer cell becomes
two cancer cells by going round the cell cycle once,
the number of the cells continues to double. An
anticancer drug is a generic name of a medical drug,
agent or substance that has a function of inhibiting
proliferation of the cancer cells, and roughly
divided into two kinds of drugs, a time-dependent
type drug and a concentration-dependent type drug.
The time-dependent type drug shows its effect related
to the cell cycle. A phase that shows the effect of
inhibiting proliferation of the cancer cell is made a
predetermined phase.

It is thought that the time-dependent type
anticancer drug acts effectively on the Gl phase of
the cell cycle shown in FIG. 6, and shows its effect
by putting a brake on the progress. Because the
cancer is composed of many cancer cells, and
respective caner cells are in different phases in the
cell cycle, the anticancer drug that works on the Gl
phase shows a more highly effect by a long time
administration. As typical time-dependent type
anticancer drugs, 5-fluorouracil, methotrexate,
vincristine and the like are cited as examples.

Here, a concentration-dependent type drug
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has a character that increases cell killing
effectiveness as a dosage amount increases
(concentration dependency), and massive dose is
performed just the same.

On the other hand, the anticancer drug has a
function that inhibits the cell division, or harms
the cells directly, and naturally causes damage even
to normal cells. More specifically, the anticancer
drug may cause damage to a bone marrow where cell
proliferation is active (where a blood cell is
created), an alimentary canal mucosa, and a liver or
a kidney that has functions of decomposing a drug and
carrying the drug out of the body. The more the
anticancer drug is used, the more a side effect 1is
caused. Therefore, it is necessary to use the
anticancer drug, considering a balance between the
effect and the side effect of the anticancer drug.

In the cell cycle shown in FIG. 6, if the
anticancer drug effectively acts on the Gl phase, by
administering the anticancer drug to each cancer cell
only in the Gl phase, the anticancer drug can be
administered most effectively, and the side effect on
the normal cells can be reduced.

However, in reality, the plural cancer cells

exist in the patient’s body, and the respective
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cancer cells advance the respective cell cycles in
different timings. Accordingly, all of the cancer
cells do not enter the Gl phase together in the same
timing, but the respective cancer cells enter the Gl
phase in different timings. Because of this, in the
conventional anticancer drug administration methods,
there have been no other methods than administering
the anticancer drug in an arbitrary timing by
ignoring the cell cycle, or administering the
anticancer drug diluted to a low concentration into
the patient’s body for a long time. Due to this, the
anticancer drug has not been able to produce the cell
division inhibition effect sufficiently, and the
burden on the patient and the healthcare professional
has been great in the event of the long time
continuous administration.

[First Embodiment]

FIGS. 7A through 7D are diagrams to
illustrate a basic principle of an administration
method of a first embodiment. FIG. 7A is a diagram
showing an example of a first administration of an
administration method of a first embodiment in
comparison to an effect to normal cells. Similarly,
FIG. 7B shows a second administration of the

administration method of the first embodiment; FIG.
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7C is shows a third administration of the
administration method of the first embodiment; and
FIG. 7D shows a sixth administration of the
administration method of the first embodiment in
comparison to the effect to normal cells respectively.

In FIGS. 7A through 7D, as an example, a
cell cycle of cancer cells is made 24 hours (24h),
and a time length (or a time period) of Gl phase
where an anticancer drug functions is made four hours
(4h). Also, a cell cycle of normal cells is made 72
hours (72h).

In this case, as shown in FIG. 7A, if the
time length of the Gl phase (4h) is made a standard,
and the cell cycle (24h) is divided by the time
length of the Gl phase as a basic unit, the cell
cycle can be divided into 24 / 4 = 6 groups. All of
the cancer cells enter the Gl phase at any timing in
the six groups. Here, the Gl phase of the respective
cancer cells do not always start and finish at the
same timings as the six groups’ start and end, but
spread over two groups in many cases, which has no
problem, though. This point is described hereinafter.

At the first administration timing, the
cells in a period when the anticancer drug works

exist in a 4 /24 =1 / 6 probability. If this is
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called a first group, the anticancer drug works on
the cancer cell in the first group. In the first
anticancer drug administration, the anticancer drug
is continuously administered for a predetermined
period in four hours of the time length of the Gl
phase, and the administration is stopped. The
administration period varies according to the
anticancer drug. For example, the administration
period may be a several minutes or may be a few hours
within four hours.

As shown in FIG. 7B, after the first
administration, the administration is stopped, and a
second administration is performed. At this time, if
the second administration timing is made 24 hours
after the start of the first administration, which is
the same as the cycle time, because the anticancer
drug is administered only to the cancer cell in the
first group, and have the effect of the cancer
inhibition only on the cancer cells in the first
group, there is only a small inhibition effect on the
whole cancer cells. Accordingly, the second
administration is, for example, performed 28 hours
after the start of the first administration, by which
the administration timing is adjusted so as to take

effect on the cancer cells in the second group. By
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doing this, the anticancer drug can exert the effect
on the cancer cells in both of the first and second
groups. At this time, the anticancer drug is
administered to the cancer cells that enter the Gl
phase at timing that spreads over the first group and
the second group so as to cover the entire Gl phase,
and the anticancer drug can be administered to the
cancer cells uniformly.

Next, as shown in FIG. 7C, in a third
administration, the anticancer drug is administered
so that the anticancer drug exerts effectively on the
cancer cells in the third group. That means that the
administration is performed 28 hours after the second
administration. In addition, the administration
period may be the same as the period of the first
time and the second time, or may be different from
the period of the first time and the second time
according to a property and the like of the
anticancer drug.

Though not shown in FIGS. 7A through 7D, by
repeating fourth and fifth administrations every 28
hours for 4 hours period intermittently in a way
similar to the second and third times, the anticancer
drug can be administered to the cancer cells that

enter the Gl phase in the fourth and fifth groups so
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that the anticancer drug can effectively work on the
cancer cells in the fourth and fifth groups.

As shown in FIG. 7D, if the sixth
administration is performed another 28 hours after
the fifth administration, the cell division
inhibition effect of the anticancer drug can be
provided for the all cancer cells. Though the
anticancer drug also affects the normal cells, as
shown in the right side of FIGS. 7A through 7D,
becau;e a cell cycle of the normal cells is 72 hours,
a single administration affects only 4 / 72 =1 / 18
of the all normal cells, and even the all six-time
administrations affect only 24 / 72 = 1 / 3 of the
all normal cells.

In this way, by dividing a cell cycle into
plural groups on a basis of a predetermined time (or
a predetermined period) where an anticancer drug can
act effectively on cancer cells, by intermittently
administering the anticancer drug to the divided
plural groups on the basis of the predetermined time
in sequence, by finally administering the anticancer
drug to all the groups, and by providing the
anticancer drug for the entire cell cycle, the
anticancer drug can be administered effectively to

the cancer cells, reducing an adverse effect on the
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normal cells.

Here, in the present embodiment, the cell
cycle of the maiignant cells are divided by using the
continuous period of the Gl phase where the
anticancer drug inhibits the prolification of the
malignant cells as a basic unit, but it is possible
to make the basic unit for division a shorter period
than that of the Gl phase. Even in this case, by
intermittent and comprehensive administrations, the
anticancer drug can be administered to all the
malignant cells at the Gl phase timing, reducing the
effect on the normal cells.

However, if the divided period is shorter
than the Gl phase, fear of performing an overlapping
administration to the same malignant cells increases.
In other words, when the administration period is
quite short, and the administration is viewed as a
point in terms of time, as the example described in
FIGS. 7A through 7D, if the basic unit for division
is the same as the Gl phase, the malignant cells’
reception of the administration of the anticancer
drug is only one time in one cycle administration for
all the malignant cells. 1If one cycle of the
malignant cells is expressed as a circle; six equally

divided points on the circumference of the circle are



07 Jan 2014

2011303063

10

15

20

25

-25-

expressed as administration timings; the circle and
points are made a first circle (which corresponds to
setting the administration time of the present
embodiment); a second circle that has the same size
as the first circle is provided; 1 / 6 of the
circumference of the second circle is shown as the G1
phase; the second circle is superposed on the first
circuit; and the second circle is rotated on the
first circle (which corresponds to various malignant
cells advancing the cell cycle in an arbitrary cycle),
it is found that the second circle includes only one
administration among the six-time administrations of
the first circle. In other words, if the basic unit
of the divided period is made equal to the period of
the Gl phase, in the one cycle administration, the G1
phase corresponds to the administration timing only
one time with respect to all of the malignant cells.
Hence, it is possible to administer the inhibitor
drug at the Gl phase uniformly to all of the
malignant cells.

On the other hand, if the divided period of
the respective groups is set shorter than the GI
phase, since the Gl phase of the malignant cells may
include twice administrations at the beginning and

the end of the Gl phase, even in the administration
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for one cycle, some malignant cells will receive
twice administrations of the anticancer drug while
other malignant cells will receive one-time
administration of the anticancer drug, which may not
be a completely averaged administration.

Furthermore, if the divided period is made
longer than the period of the Gl phase, because there
may be malignant cells whose Gl phase is included in
an interval between the administrations, the
malignant cells that are not administered in the Gl
phase may occur.

In addition, in the administration method of
the first embodiment, if the administration period
has a certain amount of duration, there may be
malignant cells that receive one-time administration
of the anticancer drug in the Gl phase and malignant
cells that receive double administrations of the
anticancer drug in the Gl phase. However, in the
event that the divided period is the same as the G1
phase, even if the administration of the Gl phase
spans across the two groups, the total anticancer
administered time length in a cycle equals among all
of the malignant cells, and the anticancer drug can
be administered to all the malignant cells in a

uniform dosage even in this case.
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Therefore, it is possible to make the basic
unit for division slightly shorter or longer than the
period of Gl phase, which is still expected to be
able to obtain a more sufficient effect than the
conventional administration method. However, in
order to perform a more effective and uniform
administration of the anticancer drug, it is
preferable to divide the cell cycle by a duration
time of a predetermined phase where the anticancer
drug acts most effectively as a basic unit, and to
set plural groups.

As described above, in the administration
apparatus, operating method thereof and
administration method of the present embodiment,
specified administration apparatus, operating method
thereof and administration method are realized by
basing on such a view of administering the anticancer
drug on the basis of the predetermined period of the
cell cycle.

Here, in FIG. 7, the Gl phase is described
to be a phase where the anticancer drug acts
effectively. However, since another phase of the
cell cycle can be a phase where the anticancer drug
works effectively, depending on a combination between

the cells and the drug, in that case, another phase
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of the cell cycle may be a standard.

Hereinafter, a more detailed description is
given about specific configuration examples of the
administration apparatus, operating method thereof
and administration method of the present embodiment.
Heretofore, an example of the malignant cell to be
necrotized being the cancer cell, and the drug to be
used being the anticancer drug is cited. However,
because the administration apparatus, operating
method thereof and administration method of the
present invention can be used for a general malignant
cell or tumor that performs cell division, the drug
can be generalized and called an inhibitor drug or an
inhibitor.

FIG. 8 is a diagram showing a configuration
of an example of an administration apparatus of a
first embodiment of the present invention. In FIG. 8,
the administration apparatus of the first embodiment
includes a controller 40, a transfusion pump 50, a
transfusion blocking mechanism 60, a transfusion tube
70, a needle 71, and a drug solution container (which
may be called a drug solution bag) 72. The needle 71
is provided at an end of the transfusion tube 70, and
the transfusion pump 50 and the transfusion blocking

mechanism 60 are provided in the middle of the drug
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solution tube 70. The controller 40 is electrically
connected to the transfusion pump 50 and the
transfusion blocking mechanism 60. For example, the
transfusion pump 50, transfusion tube 70, needle 71
and drug solution container 72 may be provided as a
transfusion set of a set of assembly.

The administration apparatus of the present
embodiment is explained as an administration unit
that administers an inhibitor drug into a patient’s
body, by citing a unit that uses the transfusion pump
50 as an example. If the administration to the
patient is performed by using the transfusion pump 50,
a drug solution of liquid is used as a drug, and the
administration is performed by administering the drug
solution into a vein in the patient’s body by
transfusion. The principle of the administration
method of the first embodiment described in FIG. 7
can be applied to general inhibitor drugs that
inhibit cell division of malignant cells without
limiting the drug solution, and various
administration units appropriate for the
administrated inhibitor drug can be used. However,
to make the explanation easy, the description is
given about the administration apparatus using the

transfusion hereinafter. However, the administration



07 Jan 2014

2011303063

10

15

20

25

-30-

apparatus, operating method thereof and
administration method of the present invention can be
applied to various cases of administrating the
inhibitor drug that inhibits the cell division of the
malignant cells to the patient, and can be used for
other intramuscular administration, subcutaneous
administration, dermal administration, transnasal
administration, parenteral administration such as
lung administration, or oral administration and the
like. Therefore, the administration apparatus, the
operating method thereof and the administration
method are not limited to those by transfusion.

The transfusion pump 50 is a transfusion
unit to transport the inhibitor drug (i.e., drug
solution) contained in the drug solution container 72
through the transfusion tube 70 in a direction toward
the needle 71 at the end. Various transfusion pumps
50 are available, as long as the transfusion pump 50
can transport the drug solution.

The transfusion blocking mechanism 60 is a
unit to block the transfusion when the drug solution
is not administered. The transfusion blocking
mechanism 60 may be, for example, a mechanism that
clogs a flow channel and blocks the transfusion by

pressing the transfusion tube 70 and by compressing
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the transfusion tube 70 from the outside. 1In this
case, with régard to the method of compressing the
transfusion tube 70, for example, a method of
compressing the transfusion tube 70 directly by
mobile arm driven by a motor, a compressing method by
screw and the like can be used according to intended
purpose.

The controller 40 is provided as a unit that
controls the drive of the transfusion pump 50 and the
drive of the transfusion blocking mechanism 60.

FIG. 9 is a diagram showing an example of a
state of having a patient wear the administration
apparatus of the first embodiment. The controller 40
is worn around the body of patient. Moreover, the
drug solution container 72 that is not shown in FIG.
9 is built into a case 73. The transfusion pump 50
is provided near the case 73 and connected to the
drug solution container 72 by the transfusion tube 70,
and they are worn around the patient’s body in an
integrated manner. The transfusion blocking
mechanism 60 is worn close to the body of patient as
well as the transfusion pump 50. The inhibitor drug
transported by the transfusion pump 50 is pumped into
the patient’s body through the transfusion tube 70

and the needle 71.
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FIG. 10 is a diagram showing an example of
an internal configuration of the controller 40 of the
first embodiment. In FIG. 10, the controller 40 of
the first embodiment includes a medication
information input unit 10, an administration timing
storage unit 11, an administration period storage
unit 12, an administration rate storage unit 13, an
time measurement unit 14, a control unit 15, a
transfusion pump drive unit 16, and a transfusion
blocking mechanism drive unit 17. Moreover, in FIG.
10, a transfusion pump 50 and a transfusion blocking
mechanism 60 connected to the controller 40 are shown
as outside components.

The medication information input unit 10 is
an input unit to allow a healthcare professional to
set an administration timing of the inhibitor drug
(e.g., time to start the administration such as at
what time?; i.e., what o’clock and minutes), a
duration time of the administration and, an
administration rate (e.g., as measured in ml per
hour) . In other words, the controller 40 is
configured so that the healthcare professional can
set an injecting time interval and an injection dose
of the inhibitor drug, that is, a transfusion period

and a transfusion rate, depending on the type of
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inhibitor drug.

Here, the medication information input unit
10 may be configured to allow the healthcare
professional to input other related information such
as a type of the inhibitor drug and a dosage, and the
input information may be determined depending on the
intended use. The medication information input unit
10 may be configured to be a selection-type input
device such as a touch panel, or may be configured to
be an input device into which a setting number is
directly input, item by item. The medication
information input unit 10 can adopt various
configurations and input methods depending on the
intended use.

The administration timing storage unit 11 is
a unit to store an administration time to start the
administration input that is input and set at the
medication information input unit 10. Similarly, the
administration period storage unit 12 is a unit to
store the administration period that is input and set
at the medication information input unit 10, and the
administration rate storage unit 13 is a unit to
store the administration rate that is input and set
at the medication information input unit 10. The

administration timing storage unit 11, the
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administration period storage unit 12 and the
administration rate storage unit 13 may be configured,
for example, to be a rewritable nonvolatile memory
such as a flash memory and the like.

The time measurement unit 14 is a unit to
measure a current time, and a general timer and the
like may be used. In the administration apparatus of
the present embodiment, because the set
administration time is stored in the administration
storage unit 11, whether the current time becomes the
administration time can be determined depending on
whether the time output from the time measurement
unit 14 coincides with the administration time stored
in the administration storage unit 11.

The transfusion pump drive unit 16 is a unit
to drive the transfusion pump 50. The transfusion
pump drive unit 16 may be connected to the
transfusion pump 50 and the control unit 15, and may
be configured to drive the transfusion pump 50,
according to an instruction of the control unit 15.

The transfusion blocking mechanism drive
unit 17 is a drive unit to drive or stop the
transfusion blocking mechanism 60 according to the
instruction from the control unit 15, and is

connected to the control unit 15 and the transfusion
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blocking unit 17. More specifically, the transfusion
blocking mechanism drive unit 17 turns the
transfusion blocking mechanism 60 off when the
transfusion is performed, and turns the transfusion
blocking mechanism 60 on when the transfusion is not
performed, according to the instruction of the
control unit 15. This makes it possible to certainly
stop the drug solution provision when the drug
solution is not administered.

The control unit 15 is a unit to control the
transfusion pump drive unit 16 and the transfusion
blocking mechanism drive unit 17, and to administer
or not to administer the drug solution at a
predetermined timing. The control unit 15 is
connected to the transfusion pump drive unit 16 and
the transfusion blocking mechanism drive unit 17, and
drives the transfusion pump 50 and the transfusion
blocking mechanism 60 based on the information stored
in the administration timing storage unit 11, the
administration period storage unit 12 and the
administration rate storage unit 13.

More specifically, the time measurement unit
14 is connected to the control unit 15, and when the
time set in the administration timing storage unit 11

and the time output from the time measurement unit 14
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coincide, the control unit 15 makes the transfusion
blocking mechanism drive unit 17 release the
transfusion blocking mechanism 60, and makes the
transfusion pump 50 start its operation. After that,
the control unit 15 makes the transfusion pump 50
carry out the transfusion at the transfusion rate
stored in the administration rate storage unit 13,
only for the predetermined period stored in the
administration period storage unit 12. After the
time elapses the predetermined period, the control
unit 15 makes the transfusion pump 50 stop the
transfusion, and makes the transfusion blocking
mechanism 60 active.

Moreover, the control unit 15 makes the
transfusion blocking mechanism drive unit 17 work if
the control unit 15 does not make the transfusion
pump 50 work, and performs the control to surely stop
the administration of the drug solution. In other
words, the release of the transfusion blocking
mechanism drive unit 17 is performed in accordance
with the timing when the transfusion is carried out,
and the transfusion is blocked again at the timing of
the end of the transfusion by the control unit 15.

In this way, in the administration apparatus

of the present embodiment, the transfusion is blocked
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while the transfusion is not performed by the
transfusion blocking mechanism 60 and the transfusion
blocking mechanism drive unit 17. By doing this, it
is possible to administer the inhibitor drug at a
predetermined time interval at exact intervals, and
intermittently, and to block the transfusion while
the administration is not performed.

Here, the control unit 15, for example, may
be configured to be a micro computer that includes a
CPU and works by reading a program, or to be an
electrical circuit that includes a predetermined
operational circuit.

With this configuration, the administration
apparatus, operating method thereof and
administration method of the first embodiment, as
described in FIG. 7, can practice the administration
of the inhibitor drug at the timing when the
inhibitor drug acts effectively on all of the
malignant cells that advance the cell cycle at
different timings, though the administration is
intermittent. This allows a single administration
period to be short, which can reduce the adverse
effect on the normal cells, and makes it possible to
administer the inhibitor drug to all of the malignant

cells in full at the timing when the inhibitor drug
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exerts effectively on the overall malignant cells
such as a malignant tumor and the like.

More specifically, if the administration
apparatuses shown in FIGS. 8 through 10 are operated,
and the administration method shown in FIG. 7 is
practiced, a description is given as follows. Here,
as preconditions, as shown in FIG. 7, for a malignant
cell that has a 24-hour cell cycle and a 4-hour Gl
phase, the 24-hour cell cycle is divided into 4-hour
parts, and six groups are set.

If a healthcare professional sets and inputs
a first administration time at 0:00 on day X, a
second administration time at 4:00 on day (X+1) of 28
hours after the first administration time, a third
administration time at 8:00 on day (X+2) of 28 hours
after the second administration time, a fourth
administration time at 12:00 on day (X+3) of 28 hours
after the third administration time, a fifth
administration time at 16:00 on day (X+4) of 28 hours
after the third administration time, and a sixth
administration time at 20:00 on day (X+5) of 28 hours
after the third administration time into the
medication information input unit 10, the
administration times of respective times are set and

stored in the administration timing storage unit 11.
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Also, if the healthcare professional sets an
administration period at a predetermined period (for
example, P hours) and inputs the predetermined period
into the medication information input unit 10 at the
same time, a duration time of the respective
administration is set at P hours, and the
administration period is set and stored to be P hours
in the administration period storage unit 12.
Similarly, if the healthcare professional sets an
administration rate at Q ml / h and inputs the
administration rate into the medication information
input unit 10, the administration rate is set and
stored to be Q ml / h in the administration rate
storage unit 13.

In this manner, in a state of setting the
administration time in the administration timing
storage unit 11, the administration period in the
administration period storage unit 12, and the
administration rate in the administration rate
storage unit 13, the administration starts. Then,
each time the current time output from the time
measurement unit 14 coincides with the six
administration times set in the administration timing
storage unit 11 at 28-hour intervals, the control

unit 15 releases the drive of the transfusion
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blocking mechanism drive unit 17, drives transfusion
pump drive unit 16, and administers the inhibitor
drug to a patient by releasing a blocking state of
the transfusion blocking mechanism 60 and by driving
the transfusion pump 50. At this time, the
administration rate follows the Q ml / h set and
stored in the administration rate storage unit 13,
and with regard to the administration period, the
administration is continuously performed for P hours
that have been set and stored in the administration
period storage unit 12. After finishing the P-hour
continuous administration, the control unit 15
controls the transfusion pump drive unit 16 so as to
stop the transfusion pump 50, and controls the
transfusion blocking mechanism drive unit 17 so as to
drive the transfusion blocking mechanism 60.

By making the controller 40 execute such a
control, the administration apparatus of the present
embodiment carries out the administration of the
inhibitor drug to the patient in an administration
pattern shown in FIG. 7, by which the effect on the
normal cells can be reduced, and the inhibitor drug
is administered to all of the malignant cells at the
Gl phase where the administration is effective.

FIG. 11 is a diagram showing an example of
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an operating method of the administration apparatus
and an administration method using the administration
apparatus of the first embodiment. 1In FIG. 11, the
same numerals are used for the components similar to
those described hereinbefore, and the description is
omitted.

In FIG. 11, in step S100, the medication
information is input. A healthcare professional may
input the medication information including an
administration time, an administration period, and an
administration rate into the medication information
input unit 10.

At that time, the administration time is set
on a basis of a predetermined phase of a cell cycle
of the target malignant cells to inhibit the cell
division thereof. 1In the example described in FIGS.
6 and 7, the administration time is set on the basis
of the Gl phase. In other words, the timing when the
inhibitor drug is administered to the malignant cells
in the Gl phase is set. 1If some target malignant
cells to be necrotized by inhibiting the cell
division can be specified, an inhibitor drug may be
administered individually at timing when the phase of
the cell cycle of the target malignant cells becomes

the Gl phase. However, in general, since the
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malignant cells exist at a level where the number and
respective cell cycles cannot be specified, and the
cell cycles of the respective malignant cells advance
in different timings, it is difficult to administer
the inhibitor drug individually in the Gl phase to
all of the malignant cells. Therefore, an
administration pattern having administration timing
so as to administer all of the malignant cells in the
Gl phase without recognizing the cell cycles of the
malignant cells individually is established.

As an example, as described in FIG. 7,
plural groups are set by dividing the cell cycle by
the same period as the duration time of the Gl phase,
and the administration time and the administration
period are set so as to administer the inhibitor drug
to each group among the plural groups in sequence at
predetermined intervals. With respect to the
administration rate, if there is a value such as
default depending on the inhibitor drug type, the
default value may be adopted and set.

Here, in FIGS. 6 and 7, a description is
given by citing the example of the Gl phase being
effective as a period of administering the inhibitor
drug, but another period may be timing when the

inhibitor drug acts effectively depending on the
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patient’s disease and a used inhibitor drug. In such
a case, the administration timing may be determined
on a basis of a period when an inhibition effect on
cell division by the inhibitor drug functions most
effectively.

In step S110, among the medication
information input into the medication information
input unit 10 by the healthcare professional, the
administration time, the administration period and
the administration rate are respectively stored in
the administration timing storage unit 11, the
administration period storage unit 12 and the
administration rate storage unit 13, and the
administration time, administration period and
administration rate are set as information that the
control unit 15 refers to.

In step S120, checking the current time with
the set administration time is started. Measurement
of the current time is performed by the time
measurement unit 14. The control unit 15 starts
checking and comparison between the current time
input from the time measurement unit 14 and the
administration time stored in the administration
storage unit 11.

In step S130, it is determined whether the
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current time coincides with the administration time
set in the administration timing storage unit 11.
The determination is performed by the control unit 15
into which the output from the time measurement unit
14 is input and capable of referring to the
administration time stored in the administration
timing storage unit 11.

In step S130, if the control unit 15
determines that the current time coincides with the
set administration time, the flow advances to step
S140. On the other hand, if the control unit 15
determines that the current time does not coincide
with the set administration time, the flow enters a
stand by state circulating step S130.

In step S140, if the current time is
determined to coincide with the administration time
in step S130, the administration of the inhibitor
drug to the patient is carried out. The
administration of the inhibitor drug is performed
according to the administration rate and the
administration time previously set in steps S100 and
S110. With this, the inhibitor drug can be
administered at the effective timing to administer
the inhibitor drug, and the effect of inhibiting the

cell division can be enhanced.



07 Jan 2014

2011303063

10

15

20

25

-45-

In step S150, after starting the
administration, if the administration reaches the set
predetermined administration period, the
administration is stopped. This allows the inhibitor
drug to be administered to the patient only in the
predetermined amount in a single administration,
which makes it possible to inhibit an adverse effect
on the normal cells, and to administer the inhibitor
drug effectively.

In step S160, the control unit 15 determines
whether the current time goes by all of the
administration times set in the administration timing
storage unit 11. TIf the current time has already
elapsed the set administration time, this means that
all the set administrations have been finished, so
the processing flow in FIG. 11 is finished. On the
other hand, if the administration time that has not
been passed is still set in the administration timing
storage unit 11, the flow returns to step S130,
enters a standby state that determines whether the
current time coincides with the administration time,
and enters a state of waiting for the current time
passing the remaining administration time.

Then, in the end, if the inhibitor drug is

administrated at all of the set administration time,
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the flow in FIG. 13 is finished.

Here, in the administration apparatus in the
first embodiment, it is also possible to set the
transfusion timing, changing the transfusion time
intervals depending on the patient’s conditions,
different from the regular administration setting
shown in FIG. 7, by setting and storing arbitrary
plural times of information in the administration
timing storage unit 11. For example, if a first
administration time is made at 0:00 of Y day; a
second administration time is made at 2:00 of (Y+1)
day; and a third administration time is made at 6:00
of (Y+2) day, a time interval between the first and
second administration and a time interval between the
second and third administration can be individually
set. Besides, elapsed time from the first
administration may be directly set such as the second
administration being 26 hours later and the third
administration being 28 hours later. Also, values
set in the administration time storage unit 12 and
the administration rate storage unit 14 can be
individually set depending on the number of the
transfusion (administration). This means that
varying the first drug solution amount and the second

drug solution amount is possible.
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In this manner, according to the
administration apparatus, operating method thereof
and administration method of the first embodiment, an
inhibitor drug can be administered to malignant cells
in a predetermined phase in a cell cycle at timing
when cell division inhibition effectiveness of the
inhibitor drug can acts most efficiently, and only
the exact necessary amount of inhibitor drug can be
administered corresponding to the cell cycle of the
target cells. If such an administration method of
the inhibitor drug of the cell division is possible,
because the inhibitor drug is not needed to be
administered with much for long time as the
conventional administration method, the physical
strain of the patient can be reduced, and an
effective treatment can be performed. Also, the
patient does not need to go to a restroom frequently.

Moreover, by performing infusion of the
inhibitor drug intermittently plural times, the
administration of inhibitor drug of the cell division
can be carried out most effectively corresponding to
the cell cycle of the target cells. If the
explanation is given in the example shown in FIG. 7,
by performing the second administration 24 hours + 4

hours = 28 hours after the first administration,



07 Jan 2014

2011303063

10

15

20

25

-48-

providing the effect for another group of cancer
cells is possible. After that, it is possible to
repeat the administration every 28 hours, or to
change the time intervals depending on the patient’s
conditions and hospital visit schedule. In short, it
is possible to administer the anticancer drug most
efficiently and effectively, considering a time ratio
between the cell cycle of the cancer cells and a
period that the anticancer drug can act effectively,
and to reduce strains of both of the patient and
healthcare professional.

[Second Embodiment]

FIG. 12 is a diagram showing a configuration
of an example of an administration apparatus of a
second embodiment of the present invention. The
administration apparatus of the second embodiment is
similar to the configuration of the administration

apparatus of the first embodiment in that a

controller 41 includes a medication information input

unit 10, an administration timing storage unit 11, an
administration time storage unit 13, a time
measurement unit 14, a control unit 15, a transfusion
pump drive unit 16, and a transfusion blocking
mechanism drive unit 17, and further include a

transfusion pump 50 and a transfusion blocking
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mechanism 60. The same numerals are put to
components similar to the components described in the
first embodiment, and the explanation is omitted.

On the other hand, the administration
apparatus of the second embodiment differs in that
the controller 40 further include a drug information
input unit 20, a drug information storage unit 21 and
a medication information calculation unit 22 inside.

The drug information input unit 20 is an
input unit that allows a healthcare professional to
input drug information to be administered. The drug
information input unit 20 is, for example, configured
to be sufficient to work if only information to
specify the drug such as a type of drug and the 1like
is input.

The drug information storage unit 21 is a
database that stores optimum administration
information such as administration timing, a dosage
and the like for each drug. If the drug is a type of
drug that is administered by transfusion, the drug
information storage unit 21 stores drug solution
information such as transfusion timing, a transfusion
amount and the like.

The transfusion information calculation unit

22 is a unit that refers to the drug information



07 Jan 2014

2011303063

10

15

20

25

-50-

stored in the drug information storage unit 21 based
on the drug information input into the drug
information input unit 20, calculates an optimum
administration information for the input drug, and
sets respective administration information of the
administration time, administration period and
administration rate in the administration timing
storage unit 11, administration period storage unit
12 and administration rate storage unit 13. This
allows the healthcare professional to not need to
search and set the optimum drug administration
conditions individually, to automatically set a
specific operating method of the administration
apparatus and administration method by only inputting
the information to specify the drug such as type of
the drug and the like into the drug information input
unit 20, and to reduce his or her strain.

Here, if the optimum administration amount
is determined by the drug type, by determining the
administration time, administration period and
administration rate, when a continuous pair of the
administration and non-administration is made a basic
cycle, the whole cycle number needed to administer
the optimum administration amount is determined.

This means that the entire schedule such as period
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necessary for the whole administration, and the
strain of the healthcare professional can be
substantially reduced.

Here, the administration apparatus of the
second embodiment also includes the medication
information input unit 10. In other words, the
administration apparatus of the second embodiment is
configured to be able to change the administration
timing, administration amount, administration rate
and the like, by using the medication information
input unit 10. This allows the healthcare
professional to set a part of the medication
information manually and the medication information
calculation unit 22 and the like to set the remaining
item automatically. For example, it 1is possible to
adopt a using method of setting the administration
rate and administration period by the medication
information calculation unit 22, and setting only the
administration timing by manual using the medication
information input unit 10.

Thus, according to the administration
apparatus, operating method thereof and
administration method, time intervals that administer
the inhibitor drug, an amount of the inhibitor drug

to be administered, a type of the inhibitor drug, and
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the other settings related to the administration of
the inhibitor drug are automatically practiced by
being preliminarily set. Because of this, even if
the administration time is midnight, the healthcare
professional such as a doctor or a nurse do not need
to bear a burden with respect to the administration
directly. 1In addition, for a patient, a hospital
admission is not a necessary condition for a
treatment, because the inhibitor drug is
automatically administered at necessary timing for
the treatment for 24 hours. Moreover, in the case of
hospital admission, if the administration time comes
in midnight, since the administration is performed
automatically, the patient can receive the
administration in a stable state. Furthermore,
because the treatment can be continued in home
healthcare, the patient can be released from the
economic stress and the stress of hospitalization.

In this way, according to the administration
apparatus, operating method thereof and
administration method, by increasing a degree of
automatic setting of the administration setting, the
strain of the healthcare professional and the patient
can be substantially reduced, and the administration

of the inhibitor drug can be performed effectively,
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reducing the adverse effect on the normal cells.

[Third Embodiment]

FIG. 13 is a diagram showing a configuration
of an example of an administration apparatus of a
third embodiment of the present invention. In FIG.
13, the administration apparatus of the third
embodiment is common to the administration apparatus
of the first embodiment in that the administration
apparatus includes a medication information input
unit 10, an administration timing storage unit 11, an
administration period storage unit 12, an
administration rate storage unit 13, a time
measurement unit 14, a control unit 15, a transfusion
pump drive unit 16, and a transfusion blocking
mechanism drive unit 17 inside the controller 42, and
a transfusion pump 50 and a transfusion blocking
mechanism 60 outside the controller 42. Here, the
same numerals are used for components similar to
those in the first embodiment, and the description is
omitted.

In the meanwhile, the administration
apparatus of the third embodiment differs from the
administration apparatus of the first embodiment in
that a transfusion rate comparison unit 31 is

provided inside a control unit 15 in the controller
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42, and a transfusion rate detection unit 30 is
provided inside the transfusion pump 50. Also, the
administration apparatus of the third embodiment may
include a blocking warning unit 61 outside the
controller 42.

The transfusion rate detection unit 30 is a
unit to detect a transfusion rate in the transfusion
pump 50 or the transfusion tube 70. For example, a
flow sensor and the like may be used for the
transfusion rate detection unit 30. The transfusion
rate detection unit 30 is provided inside the
transfusion pump 50 or in the neighboring transfusion
tube 70. FIG. 13 shows an example of providing the
transfusion rate detection unit 30 inside the
transfusion pump 50.

The transfusion rate comparison unit 31 is a
unit that compares an actual transfusion rate inside

the transfusion pump 50 or the neighboring

transfusion tube 70 with an administration rate (i.e.,

transfusion rate) set in the administration rate
storage unit 13. For example, a comparator and the
like may be used for the transfusion rate comparison
unit 31.

The blocking warning unit 61 is a unit to

warn outward that the channel for the drug solution
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is blocked if the actual transfusion rate is over a
predetermined standard transfusion rate.

In FIG. 13, an output of the transfusion
rate detection unit 30 is compared with an output of
the administration rate storage unit 13 by the
transfusion rate comparison unit 31, and the control
unit 15 controls the transfusion pump drive unit 16
based on the comparison result. With this, a
feedback control is performed so that the amount of
drug injected into the patient’s body per unit time
constantly agrees with the value set in the
administration rate storage unit 13.

In this manner, in the administration
apparatus of the third embodiment, the transfusion
rate detection unit 30 detects the actual transfusion
rate in real time, and the transfusion rate is
controlled by the feedback control based on the
detection value. Because of this, since the
transfusion rate is controlled so as to be constantly
the same as the value set in the administration rate
storage unit 13, even if there is disturbance such as
a back pressure change from the body, a gravity
change due to a height difference between the needle
71 and the drug solution bag 72 and the like, a

transfusion of a constant flow rate can be accurately
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performed by canceling the effect. This makes it
possible to realize a stable treatment even if the
inhibitor drug has the effect in a very small amount,
to put it the other way around, even if the inhibitor
drug needs to be strictly managed about the dosage.

Moreover, in the transfusion rate detection
unit 30, should the flow rate over the predetermined
set value be detected, the transfusion rate
comparison unit 31 detects the abnormal transfusion
rate. At this time, the control unit 15 immediately
controls the transfusion blocking mechanism drive
unit 17, and a control that stops the transfusion may
be performed. Also, the controller 42 may drive the
blocking warning unit 61 so as to warn outside people
that the channel for the drug solution is blocked.
This makes it possible to safely prevent the flow
rate over the regulated amount from being
administrated into the body.

Here, the contents described in the first
embodiment can be directly applied to the operating
method of the administration apparatus and
administration method using the same of the third
embodiment. Because the transfusion rate can be more
accurately managed in the operating method of the

administration apparatus and the administration
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method than those in the first embodiment, the
inhibitor drug can be administered more accurately in
the third embodiment than the first embodiment.
[Fourth Embodiment]
FIGS. 14A through 14E are diagrams to

illustrate an operating method of an administration

apparatus and an administration method of a fourth

embodiment of the present invention. The operating
method of the administration apparatus and the
administration method of the fourth embodiment can be
commonly performed in the administration apparatus of
the first through third embodiments, the operating
method of the administration apparatus and the
administration method of the fourth embodiment are
described without particularly distinguishing the
first through third embodiments.

The administration method described in FIG.
7 in the first embodiment is a method of dividing the
24-hour cell cycle by 4-hour Gl phase into six groups,
and administrating the inhibitor drug in sequence at
28-hour intervals for the first through sixth groups.

However, for the first through sixth groups,
it is not necessary to administer the inhibitor drug,
and it is possible to administer the inhibitor drug

every other group. Moreover, it is not necessary to
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perform administration every cell cycle, but 1is
possible to perform administration at plural cycle
intervals such as every two cycle or every three
cycles. In the operating method of the
administration apparatus and the administration
method of the fourth embodiment, a description is
given about such an administration method. Here, in
FIG. 14, with respect to the cell cycle,
administration period and divided group number,
similar to FIG. 7, the description is given by citing
an example of the cell cycle being made 24 hours, the
administration period being made 4 hours, and the
divided group number being made six.

FIG. 14A is a diagram showing an example of
a first administration of the administration method
of the fourth embodiment. In the first
administration, an inhibitor drug is administered to
the first group.

FIG. 14B is a diagram showing an example of
a second administration of the administration method
of the fourth embodiment. In FIG. 14B, in the second
administration, the inhibitor drug is administered to
the third group. At this time, the administration
time is 56 hours after the first administration. In

other words, from the first administration time, two-
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cycle interval longer than the one cycle is taken,
and by further adding the time intervals of the first
group and the second group, the inhibitor drug 1is
administered to the third group.

FIG. 14C is a diagram showing an example of
a third administration method of the fourth
embodiment. In the third administration, the
inhibitor drug is administered to the fifth group.
In this case also, a 56-hour interval is taken for
the second administration time.

FIG. 14D is a diagram showing an example of
a fourth administration of the administration method
of the fourth embodiment. In the fourth
administration, the inhibitor drug is administered to
the second group. A 36-hour interval is taken from
the third administration time. The interval is
shorter than 48 hours corresponding to a two-cycle
period, but longer than 24 hours corresponding to a
one-cycle period, so the administration is performed
at a sufficient time interval.

FIG. 14E is a diagram showing an example of
a sixth administration of the administration method
of the fourth embodiment. Here, though a fifth
administration is not shown in FIGS. 14E and 14E, the

fifth administration is performed to the fourth group
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by taking a 32-hour interval for the fourth
administration, and the sixth administration in FIG.
14E is carried out to the sixth group. In this case
also, a 32-hour interval is taken from the fifth
administration.

In this manner, it is not always to
administer the inhibitor drug to the divided groups
in sequence, if the administration intervals are
sufficiently taken, the administration is executed in
arbitrary order to the divided groups. In addition,
the longer the administration intervals, the smaller
the effect provided for the normal cells by the
administration. Accordingly, the intervals of the
plural cycles may be taken longer than the one-cycle
period. Though the whole administration requires a
long period, since the accumulative administration
period is short, considering a patient’s sufficient
restoration of strength, the inhibitor drug can be
administered to each group effectively, without
affecting the normal cells in an adverse way. Here,
in the fourth embodiment, the administration to the
normal cells can be limited to 24 / 72 =1 /3.

In addition, in the fourth embodiment, the
description is given by citing the example of

administering the inhibitor drug to every other group,
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but the administration may be performed at (nT + t)
intervals in the administration method in the first
embodiment. Here, “T” is a cell cycle of a malignant
cell; “t” is a duration time of a predetermined
period of performing the administration; and “n” is a
natural number not less than two.

As described in the first embodiment and the
fourth embodiment, if the time intervals before and
after the administration time is set to have time
intervals not less than at least a one-cycle period,
intervals such that the normal cells do not receive
the effect by the administration can be sufficiently
provided between the successive administrations.
Moreover, by performing the administration in
sequence by making the divided group a target, the
administration can be carried out to all the
malignant cells in full at timing when the inhibitor
drug can act effectively.

Thus, by making an intermittent
administration pattern that does not occur a
continuous administration for a long period of time,
diluting the concentration of the drug solution is
not necessary, and performing the administration at

an appropriate concentration that has a sufficient

effect on inhibition of cell division of the
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malignant cells is possible. By removing the
necessity of diluting the concentration, the whole
dosage can be reduced, and the frequency of the
urination of the patient can be reduced, which makes
it possible to reduce strain on a patient.

Here, as described in the first and fourth
embodiment, with respect to the administration order
of the inhibitor drug to the plural groups, various
orders of the administration patterns can be
considered, but the administration pattern such that
a difference of the number of administrations among
the groups is not more than once may be adopted. By
performing such an administration, a simultaneous
occurrence of a group to which any inhibitor drug is
not administered and a group to which the inhibitor
drug is administered not less than twice can be
removed. In other words, if there is a group that
has received an administration one extra time, the
administration to the group can be stopped until the
other group receives the same times of administration
as the group, the inhibitor drug can be administered
so as to be uniform to all of the groups. This
administration method can be applied not only to the
case of the administration for only a one-cycle

period of the cell cycle, but also to the case of the
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administration for cycles across not less than a two-
cycle period. This means that the second-round
administrations are not started before the first-
round administrations are not performed to all the
groups, and the next round administrations can be
started after finishing respective round
administrations.

Furthermore, the number of administration of
the inhibitor drug is preferably set at the number
equal to or more than the plural groups, and the not
less than once administration is preferably performed,
in terms of administering the inhibitor drug to all
the malignant cells at the Gl phase at least once.

In this manner, according to the
administration method of the fourth embodiment, it is
possible to reduce the adverse effect on the normal
cells and to inhibit the cell division of the
malignant cells effectively, using the various
administration patterns.

[Fifth Embodiment]

FIGS. 15A through 15D are diagrams showing
an example of an operating method of an
administration apparatus and an administration method
of a fifth embodiment of the present invention. FIG.

15A is a diagram showing an example of a first
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administration of the operating method of the
administration apparatus and the administration
method of the fifth embodiment. FIG. 15B is a
diagram showing an example of a second administration
of the operating method of the administration
apparatus and the administration method of the fifth
embodiment. FIG. 15C is a diagram showing an example
of a third administration of the operating method of
the administration apparatus and the administration
method of the fifth embodiment. FIG. 15D is a
diagram showing an example of a sixth administration
of the operating method of the administration
apparatus and the administration method of the fifth
embodiment.

The operating method of the administration
apparatus and the administration method of the fifth
embodiment differ from the administration method in
FIG. 7 of the first embodiment in that a cell cycle
of a malignant cell is 22 hours. The operating
method of the administration apparatus and the
administration method of the fifth embodiment are
similar to the administration method in FIG. 7 in
that a duration time of the Gl phase of the cell
cycle of the malignant cell is four hours and the

cell cycle is divided into six groups. The other
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preconditions are made similar to the administration
method in FIG. 7. Here, the cell cycle becomes
shortened to 22 hours, by which the number of the
malignant cells in the Gl phase in the sixth group is
thought to be about a half of the number of the
malignant cells in the Gl phase of the other groups.
The operating method of the administration apparatus
and the administration method of the fifth embodiment
differ from the administration method in FIG. 7 of
the first embodiment in that the sixth group is made
like a fraction to the other groups.

Here, since the operating method of the
administration apparatus and the administration
method of the fifth embodiment can be practiced in
the administration apparatuses of the first through
third embodiments, a description is given without
particular limitations.

As shown in FIG. 15A, in a first
administration, the inhibitor drug is administered to
the malignant cells of a first group in the Gl phase
at first administration timing as a target. The
inhibitor drug effectively exerts the cell division
inhibition effect on the malignant cells in the first
group that enter the Gl phase at the first

administration timing.
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As shown in FIG. 15B, in a second
administration, the inhibitor drug is administered to
the malignant cells of a second group in the Gl phase
at second administration timing as a target, at 26
hours after the first administration time. The
inhibitor drug produces the cell division inhibition
effect on the malignant cells in the second group
that enter the Gl phase at the second administration
timing.

As shown in FIG. 15C, in a third
administration, the inhibitor drug is administered to
the malignant cells of a third group in the G1 phase
at third administration timing as a target, at 26
hours after the second administration time. The
inhibitor drug effectively exerts the cell division
inhibition effect on the malignant cells in the third
group that enter the Gl phase at the third
administration timing.

After that, similar administrations are
repeated as a fourth and a fifth administrations.

As shown in FIG. 15D, in a sixth
administration, the inhibitor drug is administered to
a sixth group 26 hours after the fifth administration
time. Four hours are allotted to the first though

sixth groups, but a half of only two hours are
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allotted to the sixth group. Hence, the number of
the malignant cells that enters the Gl phase included
in the sixth group is about a half of the number of
the malignant cells that enters the Gl phase included
in the respective first through fifth groups. 1In
this case, for example, the sixth administration
period may be a half of the respective first through
fifth administration periods, and the dosage of the
inhibitor drug to the malignant cells belonging to
the sixth group (i.e., being in the sixth group at
the sixth administration timing) may be a half of the
dosage to the malignant cells belonging to the
respective first through fifth groups. This makes it
possible to administer the inhibitor drug to the
malignant cells in the first through sixth groups
uniformly. Thus, if the cell cycle is divided by a
duration time of a predetermined phase where the
inhibitor acts effectively, the cell cycle cannot be
divided into all equal parts, and a fraction can
occur. Even in this case, by regarding the broken
number as a single independent group, and for the
broken number of group, by setting an administration
period (i.e., dosage) corresponding to the group
length or the number of the malignant cells included

in the group, the administration methods described in
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the first and the fourth embodiments can be directly
applied.

In this case, the effect that the inhibitor
drug provide for the normal cells is 22 / 72 = 11 /
36 < 1 / 3, and can be smaller than the case of the
first and fourth embodiments.

Here, in the fifth embodiment, the sixth
group of the last broken number is treated as the
independent group, but by adding the broken number
group to the fifth group, the administration period
to the fifth group may be lengthened corresponding to
the length of the broken number. In this case, the
administrations are finished at five times to all of
the plural groups of one cell cycle.

In this way, the group division method may
base the duration time of the predetermined phase as
a basic unit, but if the broken number occurs, by
treating the group of the broken number as an
individual group and by shortening the administration
period to the group, the entire dosage can be
adjusted. Or, by adding the group of the broken
number to the other group and by lengthening the
administration period to the group, the entire dosage
can be adjusted. By doing this, an appropriate

administration can be performed.
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Here, if the intermittent administration of
the inhibitor drug is carried out for plural cycles
over one cycle of the cell cycle, the broken number
may be ignored and the administration of the
inhibitor drug may be performed making all the group
an equal time length. 1In the second cycle, though
the divided place of the group is different from the
first cycle, since the cell cycle is properly divided
into plural groups in the respective cycles, by
executing the administration on the basis of the
group, the administration can be performed so as to
reduce the effect on the normal cells, and so as to
work the inhibitor drug effectively, similarly to the
other embodiments.

According to an administration apparatus,
an operating method thereof, and an administration
method of one embodiment, cell division of a
malignant cell can be effectively inhibited, and an
adverse effect on a normal cell can be reduced.

The embodiments of the present invention
can be applied to an administration apparatus, an
operating method thereof and an administration method
that use various administration units such as a
transfusion pump and the like.

The present invention is not limited to
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these embodiments, but variations and modifications
may be made without departing from the scope of the
present invention.

The present application is based on
Japanese Priority Patent Application No. 2010-205881,
filed on September 14, 2010, the entire contents of
which are incorporated herein by reference.

Throughout the specification, unless the
context requires otherwise, the word “comprise” or
variations such as “comprises” or “comprising”, will
be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of
any other integer or group of integers.

Furthermore, throughout the specification,
unless the context requires otherwise, the word
“include” or variations such as “includes” or
“including”, will be understood to imply the
inclusion of a stated integer or group of integers
but not the exclusion of any other integer or group
of integers.

Modifications and variations such as would
be apparent to a skilled addressee are deemed to be

within the scope of the present invention.
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CLAIMS

1. An administration apparatus to
administer an inhibitor drug to a patient to inhibit
cell division of a malignant cell comprising:

an administration unit configured to
administer the inhibitor drug to the patient;

an administration timing storage unit
configured to store an administration time to start
an administration of the inhibitor drug;

a time measurement unit configured to
measure a current time; and

a control unit configured to drive and
control the administration unit so as to administer
the inhibitor drug to the patient when the current
time coincides with the administration time;

wherein the administration time is set on a
basis of a predetermined phase of a cell cycle of the
malignant cell;

wherein a phase when a cell division
inhibition effect by the inhibitor drug is the
highest is selected as the predetermined phase in the
cell cycle;

the cell cycle is divided into a plurality
of groups by a predetermined period not more than a

duration time of the predetermined phase; and



08 May 2014

2011303063

10

15

20

25

72

the administration time is set plural times
at not less than (T + t) intervals if the cell cycle
is made T, and the predetermined period is made t,
and is set so that a difference of respective
administration times for the plurality of groups is

less than a two cycle period.

2. The administration apparatus as claimed
in claim 1,
wherein the predetermined period is set at

the duration time of the predetermined phase.

3. The administration apparatus as claimed
in claim 2, further comprising:

an administration period storage unit to
store an administration period to administer the
inhibitor drug continuously,

wherein the administration period is set at
not more than the duration time of the predetermined

phase.

4, The administration apparatus as claimed
in claim 3,
wherein the administration time is set so

that intervals before and after the administration
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time equal (AT + t) if A is made a constant of a

natural number.

5. The administration apparatus as claimed
in c¢laim 3 or 4, further comprising:

an administration rate storage unit to
store an administration rate to administer the
inhibitor drug; and

a medication information input unit to
allow medication information to be input,

wherein a dosage is input and set through
the medication information input unit, and a pair of
continuing administration and non-administration is
made a basic cycle based on the dosage, the
administration time, the administration period, and
the administration rate; and

wherein a whole control including a number
of the units needed to administer the dosage to the
patient, and the control unit perform the whole

control automatically.

6. The administration apparatus as claimed
in any one of the preceeding claims,
wherein the administration time is set at a

number not less than the number of the plural groups.
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7. The administration apparatus as claimed
in any one of the preceding claims,

wherein the malignant cell is a cancer
cell; and

the inhibitor drug is a anticancer drug.

8. The administration apparatus as claimed
in any one of the preceding claims,

wherein the inhibitor drug is a drug
solution; and

the administration unit administers the
drug solution by transfusion to a blood circulating

system in the patient’s body.

9. The administration apparatus as claimed
in claim 8,
wherein the administration unit includes a

transfusion pump.

10. The administration apparatus as
claimed in claim 8 or 9,

wherein the administration unit includes a
blocking unit to block a channel for the transfusion

during the non-administration.
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11. The administration apparatus as
claimed in claim 10,

wherein the administration unit includes a
flow sensor in the channel for the transfusion, and

the control unit performs a feedback
control so as to make a flow rate of the drug
solution constant, based on a flow rate wvalue

detected by the flow rate sensor.

12. The administration apparatus as
claimed in claim 11, further comprising:

a blocking warning unit to warn that the
channel for the drug solution is blocked,

wherein the control unit blocks the channel
for the drug solution by the blocking unit, and warns
that the channel for the drug solution is blocked by
driving the blocking warning unit if the flow rate
value detected by the flow rate sensor is over a

predetermined standard value.

13. An operating method of an
administration apparatus, the administration
apparatus including,

an administration unit configured to
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administer an inhibitor drug to a patient to inhibit
cell division of a malignant cell;

an administration timing storage unit
configured to store an administration time at which
to start an administration of the inhibitor drug;

a time measurement unit configured to
measure a current time;

an administration period storage unit to
store an administration period of administering the
inhibitor drug continuously to the patient; and

a control unit configured to drive and
control the administration unit so as to administex
the inhibitor drug to the patient when the current
time coincides with the administration time,

the operating method comprising the steps
of:

setting the administration time and the
administration period on a basis of a predetermined
phase of a cell cycle of the malignant cell, wherein
a phase when a cell division inhibition effect by the
inhibitor drug is the highest is selected as the
predetermined phase in the cell cycle, the cell cycle
is divided into a plurality of groups by a
predetermined period not more than a duration time of

the predetermined phase, and the administration time
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is set plural times at not less than (T + t)
intervals i1f the cell cycle is made T, and the
predetermined period is made t, and is set so that a
difference of respective administration times for the
plurality of groups is less than a two cycle period;

storing the set administration time in the
administration time storage unit and the set
administration period in the administration period
storage unit respectively; and

administering the inhibitor drug to the
patient continuously for the administration period
when the current time measured by the time
measurement unit coincides with the administration
time by controlling the administration unit with the

control unit.

14. An administration method to administer
an inhibitor drug to a patient to inhibit cell
division of a malignant cell, comprising the steps
of:

setting an administration time to start an
administration of the inhibitor drug to the patient
on a basis of a predetermined phase of a cell cycle
of the malignant cell, wherein a phase when a cell

division inhibition effect by the inhibitor drug is
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the highest is selected as the predetermined phase in
the cell cycle, the cell cycle is divided into a
plurality of groubs by a predetermined period not
more than a duration time of the predetermined phase,
and the administration time is set plural times at
not less than (T + t) intervals 1f the cell cycle is
made T, and the predetermined period is made t, and
is set so that a difference of respective
administration times for the plurality of groups is
less than a two cycle period;

storing the set administration time in an
administration time storage unit; and

administering the inhibitor drug to the
patient continuously when the current time coincides
with the administration time stored in the

administration storage unit.

15. An administration apparatus substantially as
hereinbefore described with reference to Figures 7A

to 15D of the accompanying drawings.

16. An operating method of an administration
apparatus substantially as hereinbefore described
with reference to Figures 7A to 15D of the

accompanying drawings.
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17. An administration method substantially as
hereinbefore described with reference to Figures 7A

to 15D of the accompanying drawings.
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