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DCTの導入により、臨床試験に関わる医療スタッフが増加する。
臨床試験の質を担保するためにこれらのスタッフも臨床薬理学を理解する必要がある。

オンライン同意取得

Decentralized Clinical Trial (DCT; 分散型臨床試験) 



生活環境
• 家庭の状況
• 仕事の状況
• 居住地の状況

治療転帰
（アウトカム）

治療環境
• 病院設備・施設の充足や整
備状況

• 医師-患者の関係性
• 医療スタッフ-患者の関係

医師
• 治療経験と知識
• 治療期待度
• 態度

患者
• 自然治癒力
• アドヒアランス
• 疾病・病態
• 人種
• 生活習慣

薬物療法における薬物と非薬物の各種要因の影響 薬物
• 作用機序
• 用法
• 用量
• 投与経路

Rickels K. Int J Psychiatry, 2:670-2, 1966を基に演者作成
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日本臨床薬理学会編：「臨床薬理学第4版」P3を基に演者作成

この群を臨床試験
で設定することが
倫理的に困難

プラセボ対照比較試験
薬物療法におけるアウトカムの構造

可能な限り
条件を揃える

自然変動のみを測る
ことは不可

プラセボ群は自然変動
＋真のプラセボ効果

正確で均一な
効果の測定



薬物の効果

薬物の効果に影響を及ぼす要因

生体側の要因
人種、年齢、性別、疾病（病態）、遺伝子、環境、
臓器機能…

薬物側の要因
剤型、用量、用法、溶解性、親油性、タンパク結合
性、消失経路…

薬物の副作用

演者作成

作用部位

作用部位以外

薬物濃度 感受性

薬物濃度 感受性

薬効発現までの
体内過程



薬物動態学
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（時間と薬物濃度の関係）
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PKとPDの両方の個体差が合わさり、表現系の個体差がより大きくなる。

薬力学
Pharmacodynamics (PD)
（薬物濃度と効果の関係）

薬物投与

用法・用量ー薬物濃度ー薬効発現の関係
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ハーバード大学テキスト「病態生理に基づく臨床薬理学」
メディカル・サイエンス・インターナショナルを基に演者作成



吸収：Absorption
分布：Distribution
代謝：Metabolism
排泄：Excretion

大阪府薬剤師会「高齢者とくすり」

薬物動態の4つの主要な過程

分布
薬物（または代謝物）が各組
織へ移行する過程のこと。

排泄
薬物（または代謝物）が血
流から尿、胆汁、唾液、汗
などに移行すること

代謝
血流により代謝部位（小腸、肝臓
など）へ運ばれた薬物が水に溶け
やすい別の物質に変換されること。

吸収
薬物が吸収部位（口腔、小腸、直
腸、皮膚、筋肉肺など）から循環
血やリンパへ移行する過程のこと。
注射薬ではこの過程がない。



吸収（食事との相互作用）

薬剤名 用法 理由

ビスホスホネー
ト系骨粗鬆症治
療薬

起床時（服用後
30分は横になら
ない）

カルシウム、マグネシウ
ムと反応して吸収低下

テトラサイクリ
ン系抗菌薬 空腹時 カルシウム、マグネシウ

ムと反応して吸収低下

テモゾロミド
（抗腫瘍薬）

朝食2時間後など
(食後2時間程空
ける)

食事との共存で吸収低下

リファンピシン
（抗菌薬） 朝食前空腹時 食事との共存で吸収低下

ラメルテオン
（不眠症治療
薬）

就寝前
(食後2時間程空
ける)

食事との共存で吸収低下 ロゼレム®錠インタビューフォーム
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一般的な薬物 診療で薬物濃度の測定が
必要な薬物

抗がん薬（殺細胞性など）

薬効反応曲線と毒性曲線が
乖離し、治療域の濃度範囲
が広い。

薬効反応曲線と毒性曲線が
近く、治療域の濃度範囲が
狭い。

薬効反応曲線と毒性曲線が
並行し、治療域の濃度範囲
が不明瞭である。



生殖細胞系列変異検査

その人が本来有する子孫に受け継がれ得る
遺伝子配列上の変異

検査例
• UGT1A1
• BRCA1
• CYP2C9
• HLA-B

個体を形成する全細胞で共通かつ生涯に渡
り普遍

Germline mutation

体細胞変異

体細胞変異検査

がん細胞の発生や治療過程に生じるがん細胞
内の遺伝子変異

検査例
• EGFR
• KRAS
• BRAF
• ALK

がん細胞内に特異的な生じた変異を検出する
（子孫には引き継がれない遺伝子変異）

Somatic mutation

遺伝子検査のタイプ



臨床診断・組織診断

肺がん 大腸がん 乳がん ・・・

遺伝子診断

EGFR ALK BRAF MSI HER2 BRCA

EGFR
阻害薬

ALK
阻害薬

BRAF
阻害薬

免疫チェック
ポイント阻害薬

HER2
阻害薬

PARP
阻害薬

病期分類・病理診断

がんゲノム医療における抗がん薬選択従来の抗がん薬選択

がん細胞・組織の生物学的特性に基づく治療薬選択
土屋一哉：がん治療の流れを変える『がんゲノム医療』の基礎知識から 今後の新たな展開まで．第1回がん
ゲノム医療に関する基礎メディアセミナー（2019年4月16日）より抜粋（一部改変）

がんゲノム医療（感受性の遺伝学的スクリーニング）



of diarrhea in the irinotecan/capecitabine regimen, in
which diarrhea was a major toxicity [20]. A highly
frequent allele 1A9*22 with an insertion of T into the
nine Trepeats in the promoter region (-126_-118T9 > T10)
was shown to have an enhanced promoter activity in an in-
vitro reporter assay [21], whereas 1A9 protein expression
levels did not change in the clinical samples [22]. Rare
variations, 1A9*5 [766G > A(D256N)] and UGT1A10*3
[605C > T(T202I)], were shown to cause reduced activity
in vitro, but their clinical importance is still unknown
[23,24]. Moreover, close linkages among 1A9, 1A7, and 1A1

polymorphisms were found in Caucasians and Asians in an
ethnic-specific manner [20,25–28].

Our study also revealed close linkages between 1A9*22
and 1A7*1, 1A7*3 and 1A1*6 or *28 [28]. This fact makes
it difficult to draw firm conclusions about the effects of
1A7*3 and 1A9*22 themselves. It is, however, reasonable
to conclude that the degree of neutropenia depends on
the activity of UGT1A1, because UGT1A1 is a major
UGT1A enzyme in the liver and plays a primary role for
regulating plasma concentrations of SN-38.

Taken together, for practical application to individualized
irinotecan therapy, genotyping of UGT1A1*6 and *28
would be beneficial and necessary in Japanese cancer
patients to avoid severe adverse reactions. The frequency

Fig. 3

+/+ +/+
0

5

10

15

20

25

Mean

Diplotype (+ = ∗6 or ∗28) Diplotype (+ = ∗6 or ∗28)

S
N

-3
8G

/S
N

-3
8

0.01

0.1

Mean

S
N

-3
8/

iri
no

te
ca

n

0 50 100 150 200
0

1

2

− /−

− /−

+/−

+/−− /− +/−

+/+

SN-38G/SN-38 SN-38/irinotecan

SN-38

S
N

-3
8 

A
U

C
 (h

r∗
µm

ol
/l)

Dosage of irinotecan (mg/m2)

(a) (b)

(c)

Effects of the genetic marker of UGT1A1 ‘*6 or *28’ on the area under concentration curve (AUC) ratios of SN-38G/SN-38 (a) and SN-38/
irinotecan (b), and SN-38 by irinotecan dosage (c) in 176 Japanese cancer patients after irinotecan treatment.

Table 5 Association of UGT1A1*6 and *28 with irinotecan
toxicities

Diplotype
( + = *6 or *28)

Number of
patients

Diarrhea
(grade 3)

Neutropenia
(grade 3 or 4)

Irinotecan monotherapy
– / – 21 3 (14.3%)a 3 (14.3%)
+ / – 29 2 (6.90%) 7 (24.1%)
+ / + 5 1 (20.0%) 4 (80.0%)
P-valueb 0.8500 0.0117
P-valuec 0.3889 0.0124

With cisplatin
– / – 35 1 (2.9%) 20 (57.1%)
+ / – 20 2 (10.0%) 14 (70.0%)
+ / + 7 1 (14.3%) 7 (100%)
P-valueb 0.1747 0.0315
P-valuec 0.3886 0.0863

aPercentage of the patient number in each diplotype is indicated in parentheses.
bChi-squared test for trend.
cFisher’s exact test, ( – / – and + / – ) vs. + / + .

Table 6 Multiple regression analysis of the nadir of absolute
neutrophil counts in the patients with irinotecan monotherapy

Variable Coeffi-
cient

F-value P-value R 2 Intercept N

0.3942 643 53
Serum ALPa – 349.9 12.2 0.0010
Neutrophil

count before
irinotecan
treatment

0.2466 13.5 0.0006

*6 or *28 – 369.1 6.40 0.0146

aGrade 1 or greater scores of serum ALP before irinotecan treatment.

Irinotecan pharmacogenetics in Japanese Minami et al. 503

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Minami H, et al, Pharmacogenet Genomics, 
17:497-504, 2007 -/-（ワイルド型）ではSN-38GとSN-38のAUC比が標準的

であり、*6または*28を有する患者はAUC比が低くなる。こ
の体内動態により+/+では有害事象の頻度が高くなる。

UGT1A1遺伝子型のイリノテカン治療に及ぼす影響
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結腸・直腸癌及び胃癌に対する2nd-line以降のCPT-11単剤療法（150mg/m2、2週毎）施行例において、
ヘテロ群の薬物動態はワイルド群と異なったものの安全性は同等であり、ワイルド群と同様の治療が可能
と考えられた。
一方、ホモ群のMTDはヘテロ群と同じく150mg/m2であったが、患者ごとの薬物動態の差が大きく、

耐容性に個体差が認められた。そのため、推奨用量を150mg/m2とすることは困難であり、治療施行時
には開始用量の減量や慎重な観察を考慮すべきと考えられた。

1） Innocenti F, et al: J Clin Oncol 22 ：1382-1388, 2004.
2） Han JY, et al: J Clin Oncol 24 ：2237-2244, 2006.
3） Ando Y, et al: Cancer Res 60 ：6921-6926, 2000.
4） Sai K, et al: 薬学雑誌 128 ：575-584,2008.
5） Ishizuka N: 癌と化学療法 27 ：1449-1457, 2000.
6） Ishizuka N, et al: Stat Med 20 ：2661-2681, 2001.

結 論

ホモ群で血液毒性が高発現
グレード3以上の有害事象は、血液毒性の発現率がホモ群で高かった（表4）。
なお、1例で2クール目以降に発熱性好中球減少から敗血症ショックを呈し、治療関連死を認めた。

ホモ群では延期・減量例も認める
ホモ群のCPT-11用量150mg/m2における投与状況は、16例中、治療中止3例、投与延期例9例で、

投与延期例のうち4例では減量を要した（図3）。

表4　有害事象の発現率（CPT-11：150mg/m2、グレード3/4）

ワイルド群
（n=41）

ヘテロ群
（n=16）

ホモ群
（n=16）

好中球減少

1クール 9.8%（4/0） 18.8%（3/0） 62.5%（4/6）

2クールまで 22.0%（9/0） 25.0%（3/1） 81.3%（6/7）

下　痢

1クール 0.0%（0/0） 0.0%（0/0） 6.3%（1/0）

2クールまで 0.0%（0/0） 0.0%（0/0） 6.3%（1/0）

（　）内はグレード3/4の発現例数

1回目投与

中止3例
理由：重篤な有害事象の発現  2例
 選択基準からの逸脱 1例2回目投与

　延期あり 　延期なし

減量あり 減量なし 減量あり 減量なし

　

16例

13例

9例

4例 5例

4例

0例 4例

注）当日発表より一部改変

図3　ホモ群の投与状況（CPT-11：150mg/m2）

ヤクルト：カンプト®点滴静注適正使用ガイド
(Satoh T, et al, Cancer Sci. 102:1868-73, 2011)



Microsampling（在宅での血液検体採取やモニタリング）159 Analytical Science Advances
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F IGURE 2 Driedmatrix spot technology. (A) Dried blood spot at different levels of blood haematocrit. (B) Patterned dried blood spot with four
uniform replicates. (C) Telimmune plasma separation card with cross-sectional view. (D) HemaSpot SE device with spiral membrane to facilitate
separation of whole blood into constituent parts. (Adapted fromReferences 50, 56, 69 and 70)

can impact quantitative analytical accuracy.13 Haematocrit (Hct), that

is, the volume proportion of red blood cells (RBCs) in blood is the

predominant issue of DBS as it influences DBS spot size, spot homo-

geneity and extraction recovery of analytes.49 Blood with higher Hct

levels spreads more slowly on filter paper due to increased blood vis-

cosity, producing a smaller spot than blood with lower Hct levels for

the same volume of blood (Figure 2A).50 This spot bias results in unre-

liable volumes in fixed-diameter punches impacting the accuracy of

analyte quantitations.49,51 Further analytical biases are introduced by

the inherent component of DBS technology that enables the drying

of blood: the filter paper. Filter paper properties determine the max-

imum loading capacity, blood spreadability, chromatographic effects,

analyte stability and recovery. During the formation of DBS, the con-

tent of blood droplets may undergo a chromatographic effect or

coffee-ring effect due to differential diffusion across the filter paper.

Besides Hct, other factors such as humidity, drying conditions and

material of the filter paper also contribute to the unevendistribution of

analytes.52 A variety of filter papers with different functionalities are

commercially available: (i) standard untreated cellulose papers such

as Whatman 903 and Ahlstrom 226, (ii) pre-treated cellulose papers

such as Whatman FTA Elute, FTA DMPK-A and FTA DMPK-B for

enzyme inhibition or protein denaturation,53 (iii) cellulose-based vari-

ants such as water-soluble carboxymethyl cellulose paper to improve

protein precipitation54 and (iv) non-cellulose-based alternatives such

as hydrophilic-coated woven polyester fibres to provide spot sizes

independent of Hct.55

Baillargeon et al. developed a patterned DBS (pDBS) card that uses

hydrophobic wax barriers to define distinct areas for sample addition,

distribution and storage, thereby regulating sample application, distri-

bution and volume control.56 These pDBS cards provide an enhanced

sampling technology to obtain four uniform replicates independently

of the Hct over a broad range of clinical values (20–60%; Figure 2B).

Compared to standard DBS cards, the use of pDBS demonstrated a

threefold improvement in the accuracy of haemoglobin estimation at

low Hct (20%). Additionally, pDBS revealed no statistically significant

difference between the recovery of sodium and certain amino acids

in dried versus liquid blood samples. A potential downside of their

pDBS is the incompatibility of the wax barriers with organic solvents

(e.g. methanol, acetonitrile) and harsh surfactants (e.g. Triton X-100,

sodium dodecyl sulphate) which could interfere with accurate sample

analysis if leached into the sample during extraction.56 A commercially-

availablemicrosampling device that allows formultiple punches from a

single sample, similar to the pDBS technology, is HemaSpotTM HD.57

HemaSpotTM HD consists of a large membrane which reduces the

Hct effect and enables the collection of DBS of ∼160 µL. The greater

surface area provides an opportunity to run a variety of assays on a

single sample via multiple punches. The membrane is incorporated in a

moisture-tight cartridge with a built-in desiccant to facilitate a robust

storage and shipping solution.57

Although different modifications to traditional DBS cards exist to

minimise the Hct effects, the easiest approach to eliminate the Hct

bias related to spot size and inhomogeneity is to analyse the complete

DBS spot formed from a volumetric application of blood. Volumet-

ric DBS can be obtained either by punching the entire DBS after the

volumetric application of blood or by volumetrically applying blood

on pre-punched discs.49 Accurate volumes of blood for application
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F IGURE 4 Volumetric tip microsampling technology. (A)Mitra device by Neoteryx. (B) TASSO-M20 device by TASSO Inc. (Adapted from
References 75 and 76)

whomeasured creatinine levels inwhole-blood spheroidmicrosamples

obtained from adult human volunteers.21 The study compared the PSI-

MS/MS analysis of 5 µL of oven-dried whole blood spheroid collected

on a planar hydrophobic paper to the conventional UPLC-MS/MS anal-

ysis of 50 µL of liquid whole blood. Similar results were obtained from

both approacheswith amaximumdeviation of 0.3 µg/mL. The spheroid

approach exhibited excellent linearity (R2 >0.99; 2.5–20µg/mL) across

the expected human concentration range, a lower limit of quantifi-

cation of 2.5 µg/mL, precision ≤ 6.3% and recovery in the range of

88–94%.21

2.1.3 Volumetric tip microsampling

Volumetric tipmicrosampling (VTM), introduced to themarket in2014,

is an alternative microsampling technique to collect Hct-independent,

fixed-volume dried whole-blood samples by accurate and precise

absorption of blood into a volumetric polymer tip. The volume of

blood collected is controlled by the amount and properties of the poly-

meric substrate. After the samples collected on these tips are dried,

they are stored or transported to the laboratory for analysis.14 The

VTM technique is currently employed by two commercially-available

blood collection devices: Mitra and TASSO-M20. The Mitra device

comprises a plastic sampler attached to a proprietary hydrophilic poly-

mer tip which functions based on their patented volumetric absorptive

microsampling (VAMS®) technology. To initiate sample collection, the

leading surface of the Mitra tip is dipped into blood obtained via

a finger prick (Figure 4A).75 The Mitra devices are compatible with

96-Autoracks and automated liquid handling systems which facilitate

high-throughput testing. The TASSO device consists of a large button,

a lancet, microfluid channels and a sample-collection pod with four

TASSO volumetric tips. For TASSO-M20 blood collection, the device

adheres to the upper arm of the patient and the button is pressed

firmly and released, which creates a vacuum and deploys the lancet

to puncture the arm to draw blood which is directed to the tips via

the capillary channels (Figure 4B).76 With the use of VTM for sample

collection, issues of inhomogeneity experienced by DBS sampling are

eliminated, as there is no filter paper component to cause the biases,

such as uneven spreading, distribution and sample size variability.

However, certain aspects of the VTM technology require careful

consideration prior to its implementation. A critical and comprehen-

sive overview of the practical aspects of VAMS can be found in the

2018 review by Kok et al.77 One of the potential challenges of VTM

is the difficulty in the extraction of analytes which could be trapped in

the crevices of the porous polymer tip due to the possibility of dried

erythrocyte occlusion.25 However, studies have shown that additional

processes such as pre-wetting the polymer tip with water and sonica-

tion during sample preparation can improve the extraction efficiency of

analytes.77,78 Another limitation with VTM is the inability to add stabi-

lizing agents during sample collection for the accurate quantification

of unstable analytes susceptible to hydrolytic degradation. Addition

of reagents to the polymer tips prior to sample collection could

potentially result in undesirable sample volumes and inhomogeneous

distributionof analytes.Nevertheless, different drying conditions, such

as the use of a desiccator, pressurization, nitrogen gas and household

vacuum sealer, have been shown to improve sample stability. In the

analysis of acetylsalicylic acid, a hydrolysis-prone analyte, Moon et al.

showed that humidity controlwas critical for its stability, and the use of

a simple household vacuum sealer couldmaintain the stability for up to

1month.33

Similar to DBS filter paper modifications, the polymeric tips can be

modified to attain new features. Comparable to the smart DBS sam-

pler for proteomics, Reubsaet et al. modified theMitra device to build a

smart VAMS proteolysis sampler. Maximum proteolytic sampler activ-

ity was achieved when at least 50 µg of trypsin was covalently bound

to the Mitra tip at a pH of 9. The study observed no significant dif-

ference in the absorbed sample volume or drying rate even though

the tips were subjected to chemical modifications before sampling. A
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Dried Blood Spot Volumetric Absorptive Microsampling (VAMS®) 

measurable electrical signal using millimeter-sized sensing elec-
trodes. To adapt such approaches for the envisioned transla-
tional applications, the fundamental challenges inherent to
complex biofluid analysis must be addressed.
One such challenge is the distortion/burial of the target’s re-

dox signature in the measured voltammogram, which is due to
superimposing voltammetric responses of endogenous electro-
active species (“interference”). As reported in our previous
work, the characterization of the electroactive interferent spe-
cies’ response led to the identification of “undistorted potential
windows,” within which reliable electroactive target detection in
sweat matrix was demonstrated (22). To generalize this meth-
odology and apply it to the targets with redox peaks falling
outside the original undistorted potential windows, surface en-
gineering strategies are needed to tune the target/interference
surface interactions such that the target redox peaks fall within
the undistorted potential windows. Additionally, biofouling is
another challenge relevant to the context at hand, which is widely
investigated for the conventional biofluids (e.g., blood) (23, 24)
but overlooked in the context of sweat analysis. Biofouling stems
from the adsorption of surface-active agents (e.g., proteins,
peptides, and amino acids) onto the sensor’s surface (25, 26).
This adsorption layer inhibits the analyte interaction with the
electrode, which may lead to signal degradation.

Here, to resolve the aforementioned challenges, we devise a
wearable voltammetric sensor development strategy that centers
on tuning the molecule–surface interactions. We specifically
tailored our strategy to target acetaminophen (APAP) as a
model electroactive drug molecule with a reported saliva–blood
correlation (27, 28); APAP is a widely used analgesic and anti-
pyretic, and its supratherapeutic administration is the leading
cause of liver failure in the United States (29). To engineer an
APAP-sensing interface, the surface termination of the working
electrode was adjusted to decouple the undesired interference
(via tuning the electron transfer kinetics pertaining to redox
reactions), and a polymeric membrane was incorporated to reject
surface-active agents (also, to further reject undesired interfer-
ence). These orthogonal intrinsic/extrinsic surface treatments
converged to the development of a Nafion-coated and hydrogen-
terminated boron-doped diamond electrode (Nafion/H-BDDE),
which simultaneously mitigates biofouling and creates undis-
torted potential windows encompassing the APAP’s oxidation
peak. Using this engineered sensing interface, accurate and re-
liable quantification of APAP in saliva and sweat was realized
(cross-validated with laboratory-based assays, R2 ∼ 0.94).
To realize a wearable solution, the engineered sensing inter-

face was integrated within a custom-developed smartwatch (capable
of sweat sampling/routing, signal acquisition, and data display/
transmission), where the voltammetric readouts were processed by

Fig. 1. A fully integrated, wearable voltammetric drug monitoring solution: design rationale and application. (A) A voltammetric smartwatch, which can be
applied to track the circulating drug’s pharmacokinetics (PK) by providing proxy readouts in noninvasively retrievable biofluids. (B) An illustrative exploded
view of the smartwatch components (containing microfluidic housing, Nafion/H-BDDE sensor, signal processing/transmission circuitry, LCD screen, and battery
units, all embedded within a 3D-printed case). (C) Seamless operational workflow of the devised wearable voltammetric drug monitoring solution, utilizing
an engineered voltammetric sensing interface to create an undistorted potential window for target drug detection (in the presence of endogenous elec-
troactive interferents).

19018 | www.pnas.org/cgi/doi/10.1073/pnas.2009979117 Lin et al.
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ブランチラボ

臨床研究実施
医療機関
（代表）

検体・
検査値

Thangavelu MU, et al. Anal Sci Adv, 4:154–180, 2023



Take home messages

ü DCTの導入
デジタルツールとサンプリングデバイスの活用により、来院に依存しない臨床試験の実施が進め
られている。臨床試験の質を担保するために、新たに関わる医療スタッフも臨床薬理学を理解す
る必要がある。

ü 薬物の効果を正確に評価する
治療効果（試験におけるアウトカム）には、真の薬物の効果に真のプラセボ効果と自然変動が上
乗せされている。薬物の効果を測る臨床試験では、プラセボ効果と自然変動の条件を可能な限り
揃えるとともに、正確で均一な薬物効果の定量が必要となる（臨床薬理学的知識に基づく適切
かつ厳格な投薬・サンプル・データの収集とプロトコルの遵守が重要）

ü 薬物の効果に影響を及ぼす因子
薬物の効果は、生体側と薬物側の多様な因子が薬物動態や薬物感受性を変化させることによっ
て変動する。


