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q美国：
Ø 美国有80-90%创新药会开展14C物料平衡研究
Ø 最早的人体14C- AME研究可追溯到1967年
Ø 14C-AME是物料平衡和代谢转化研究的金标准

q中国：
Ø 2009-2010年，向国内学术界/工业界推广:FDA工业界标准的14C/ 3H
物料平衡研究

Ø 2012年开展首项符合工业界标准要求14C/ 3H -ADME大鼠的研究
Ø 2013年06-11月，江苏省人民医院开展了我们国家首项符合工业界标
准要求的14C物料平衡的注册临床研究

Ø 一直到今天，国内完成或在研C14项目数8-10项
Ø 国内已完全有能力和条件开展14C-AME临床研究

概 况



q 14C-AME?

用14C标记药物（给分子装上GPS），研究药物在体内吸收、分布、代

谢、排泄的过程，精确评价药物在体内的物料平衡，代谢转化，鉴定

代谢物的结构信息。

14C-AME/14C-ADME？

treatment of MM and myelofibrosis, as well as for the

treatment of systemic sclerosis.
Pomalidomide is a racemic mixture of the S-enantiomer

(CC-5083) and the R-enantiomer (CC-6016) which inter-

convert in plasma via both enzymatic and non-enzymatic
pathways. The pharmacokinetics of pomalidomide in

patients with relapsed or refractory MM following single or

multiple (4 weeks) oral daily doses of 1, 2, 5 or 10 (single
dose only) mg as capsules showed non-dose dependent

absorption with a median Tmax between 1.5 and 2.75 h
following a single dose and between 2.9 and 4.0 h fol-

lowing multiple doses [2 and unpublished data]. Pomalid-

omide had a half-life of 6.5–8.0 h and showed little
accumulation after once-daily administrations (mean Cmax

and AUC accumulation ratios \2). The current study was

performed to evaluate the pharmacokinetics, metabolic
disposition and excretion of a single oral suspension dose

(2 mg, 100 lCi) of [14C]pomalidomide to healthy male

subjects.

Materials and methods

Standards and reagents

[14C]Pomalidomide (Fig. 1) was prepared by Ricerca Bio-

sciences, LLC (Concord, OH). The specific activity, radio-

chemical purity and chemical purity of the material were
49.15 lCi/mg, 99.6 % and 99.6 %, respectively. Reference

standard for pomalidomide ([99.9 % chemical purity) was

synthesized by Cambridge Major Laboratories, Inc.
(Germantown, WI). Reference standards for CC-6016

(R-enantiomer of pomalidomide), CC-5083 (S-enantiomer

of pomalidomide), CC-15262 (M10, hydrolysis product of
pomalidomide), CC-8017 (M11, hydrolysis product of

pomalidomide), CC-17369 (M16, 7-hydroxy pomalido-

mide), CC-17368 (M17, 5-hydroxy pomalidomide),
CC-4067 (M18, N-acetyl pomalidomide), CC-12074 (M19,

glutarimide ring hydroxylated pomalidomide), CC-17372

(6-hydroxy pomalidomide) and [13C5]-pomalidomide
(internal standard) were synthesized by the Medicinal

Chemistry and Process Chemistry groups at Celgene

(Summit, NJ). 3-Aminophthalic acid (M2), thalidomide

(analytical internal standard) and b-glucuronidase were
obtained from Sigma-Aldrich (Milwaukee, WI). rCYP iso-

zymes (Cypex Bactosomes) for reaction phenotyping were

obtained from Cypex Ltd (Scotland, UK). All other reagents
and chemicals were obtained from commercial sources.

Clinical absorption, metabolism and elimination study

Study design and dose administration

This was an open-label, in-patient, single-dose study in

eight non-smoking healthy male adult volunteers con-
ducted in accordance with Good Clinical Practices (GCP)

and in compliance with the Declaration of Helsinki. The

protocol and consent form were reviewed and approved by
the appropriate institutional review board, and all study

participants gave written informed consent, before initia-

tion of any study-related procedure. Male subjects were
eligible based on standard inclusion/exclusion criteria and

were excluded if they had exposure to excess radiation or

participated in a study involving radioisotopes within the
previous 12 months. Subjects entered the study center on

the day prior to dosing and remained at the center for up to

15 days following dosing or until the total radioactivity
recovered in excreta was C90 % or the radioactivity

recovered in excreta per day on three consecutive days was

B1 % of the administered radioactive dose.
Physical examination, clinical laboratory tests (hema-

tology, serum chemistry and urinalysis), vital signs moni-

toring and 12-lead ECG were performed at the selected
times before and after administration of the study drug. All

subjects were monitored throughout the study for adverse

events and for the use of concomitant medications.
Each subject was administered a single oral suspension

of 2 mg (100 lCi) of [14C]pomalidomide in seltzer water

(75 mL) followed by administration of an additional
140 mL of distilled water. Subjects were fasted for 8 h

prior to and 4 h following dose administration. The resid-

ual radioactivity in the dosing vials was determined, and
for six of the eight subjects (subjects 1–4, 6 and 8), the

administered dose (1.93–2.02 mg) was close to the target

dose of 2 mg. For subjects 5 and 7, a significant amount of
radioactivity remained in the dose vial, resulting in

administered doses of 1.59 and 1.51 mg, respectively.

Calculations for percent of dose recovered in excreta were
based on the actual administered doses.

Dose administration, sample collection, sample pro-

cessing, and determination of total radioactivity were
conducted at Covance Research (Madison, WI). Determi-

nation of pomalidomide in plasma, metabolite profiling and

metabolite characterization were performed at XenoBiotic
Laboratories, Inc. (Plainsboro, NJ).

Fig. 1 Structure of pomalidomide, with the site of the 14C label
indicated (*)
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metabolites circulating in plasma, elucidate metabolite structures, de-
termine the primary clearance mechanisms of the drug, understand the
rate and route of excretion of parent drug and its metabolites, and validate
the species used in safety studies. These studies generate important
knowledge regarding the disposition of the drug in humans. Furthermore,
the studies are typically conducted during drug development as part of
drug registration packages and are seldom repeated due to the cost,
complexity, and challenges of performing human studies with radioac-
tivity. During the conduct of human absorption, distribution, metabolism,
and excretion (ADME) studies, challenges may arise that could com-
promise the ability to achieve the study objectives defined above. The
human ADME study of axitinib, conducted during early clinical de-
velopment, is an example of a study that advanced our knowledge of the
disposition of the drug but had the limitation of low and variable recovery
of radioactivity. Herein we describe the knowledge gained during the
conduct of the radiolabeled mass balance and metabolite structure elu-
cidation of a single oral 5-mg dose of [14C]axitinib to healthy volunteers.

Materials and Methods

Chemicals

Axitinib was synthesized by Pfizer Global Research and Development, La
Jolla Laboratories (San Diego, CA). [14C]Axitinib was prepared by Pfizer Global
Research and Development Radiosynthesis Group (Groton, CT) using the same
synthetic route as used for unlabeled axitinib (Borchardt et al., 2006). This route
yielded 125 mg of [14C]axitinib with a specific activity of 58.3 mCi/mmol,
and the position of the incorporation of 14C is shown in Fig. 1. The resulting
[14C]axitinib was mixed with 811 mg of nonradiolabeled axitinib and subjected to
polymorph control (crystal form IV) (Campeta et al., 2010), yielding 800 mg of
[14C]axitinib drug substance mixture with a specific activity of 7.1 mCi/mmol.
The purity of [14C]axitinib drug substance was 99% by high-performance liquid
chromatography (HPLC). Reference standards for M9 (axitinib sulfoxide/
N-oxide), M12 (axitinib sulfoxide), and M15 (axitinib sulfone) were prepared
biosynthetically using microorganisms and isolated by HPLC and the structures
confirmed by liquid chromatography–mass spectrometry (LC-MS) and NMR
(Supplemental Material). M7 (axitinib N-glucuronide) was isolated from urine
from this study and characterized by NMR.

Study Design, Dosing, and Sample Collection

This was a single-dose, open-label study conducted at a single center in eight
healthy male nonsmoker subjects (six Caucasian, two African American) with
a median age of 34 years (range, 25–46 years) and median weight of 83 kg
(range, 79–96 kg) who met inclusion/exclusion criteria. The study was
conducted in accordance with the Declaration of Helsinki, approved by an
institutional review board, and all subjects provided voluntary informed
consent. All subjects received a single 5-mg oral dose of axitinib containing
100 mCi [14C]axitinib supplied as a powder for reconstitution. On the day of
dosing, 20 ml of cranberry juice was added to each plastic container containing

[14C]axitinib powder. The container was capped tightly and then shaken
vigorously by hand 10 to 12 times until the powder was suspended in the
cranberry juice. Subjects drank the resulting suspension directly from the
plastic container. The container was then rinsed four times using 20 ml of
additional cranberry juice each time. At each rinse, the container was shaken
vigorously. Subjects immediately drank the rinsed solutions directly from the
container. After drinking the final rinse solution, the subjects swallowed at least
200 ml of tepid water. The oral cavity of each subject was examined after
dosing to ensure that all study medication was swallowed. After each drug
administration, the empty dosing container was capped and retained for assay
of residual radioactivity and, if necessary, for residual drug. Radioactivity
determinations of the dose solution and residual remaining in the container
confirmed that all subjects received .98% of the expected radioactive dose.
Recovery calculations were based on the actual amount of radioactivity
administered. Blood samples (7 ml) were collected in K3-EDTA-containing
glass Vacutainer tubes prior to dosing and at 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8,
12, 36, 48, 72, 96, 120, 144, and 168 hours after dosing. Additional blood
volume (20 ml) was collected at 1, 4, 8, and 12 hours after dosing for
metabolite profiling and identification. Following collection of blood
samples, plasma was prepared by centrifugation for drug and metabolite
analyses and stored frozen. Urine was collected over 4-hour intervals through
12 hours, 12-hour intervals through 48 hours, and every 24 hours thereafter.
Feces were collected over 24-hour intervals. Per protocol, excreta samples were
collected and tested daily until,1% of the administered dose was recovered, at
which point the subject could be discharged from the study. Samples were
stored frozen prior to analysis. Precautions were taken during sample col-
lection, processing, and analysis to protect all samples from exposure to visible
light.

Measurement of Radioactivity

Plasma (0.25 ml) and urine (1 ml) aliquots were added to Ultima Gold
(Perkin Elmer, Waltham, MA) scintillation fluid to a final volume of 20 ml
for radioactivity determination by liquid scintillation counting, in triplicate
and duplicate, respectively. The concentration of the radioactivity in the
whole-blood and red blood cell samples containing potassium EDTA was
determined by oxidizing triplicate 0.25-ml aliquots of well mixed whole
blood as described below for fecal samples. To each fecal collection was
added an equal weight of water followed by homogenization. Three aliquots
of each fecal homogenate (0.25–0.47 g) were burned in a Packard 307A
oxidizer (Perkin Elmer), which captured the evolved CO2 from each aliquot
into Carbosorb (10 ml; Perkin Elmer). Permafluor (10 ml; Perkin Elmer) was
added by the oxidizer into each 20-ml scintillation vial. Whole blood (0.25
ml) was processed similarly using the sample oxidizer. All radioactivity
measurements were determined using a Tricarb 2100 counter for 20 minutes
or a period of time that yielded a counting precision of 95%. Only values .2
times the background were reported. The dpm were converted to nanogram
equivalents (ng-eq) per milliliter for each matrix using the known specific
activity. For urine and feces, the data were also converted to the percentage of
dose for each time interval.

Determination of Axitinib in Plasma and Urine

Axitinib was determined in human plasma and urine by liquid chromatography–
tandem mass spectrometry (LC-MS/MS) with plasma methods as described
previously (Rugo et al., 2005; Pithavala et al., 2012b). The analysis of axitinib
in urine was similar to that described for plasma with the exception of glass
tubes instead of the use of a 96-well plate for extraction. These methods
employed sample extraction by an ethyl acetate/hexanes liquid-liquid extraction
followed by evaporation, reconstitution, and final extract analyses by LC-MS/
MS. The methods were validated for the analysis of axitinib over a concen-
tration range of 0.100–25.0 ng/ml using a 200-ml extraction volume for plasma
samples and 1.00–500 ng/ml using a 100-ml extraction volume for urine sam-
ples. Accuracy, evaluated by percent bias of quality control samples, ranged
between 22.0% and 4.0% for plasma and 20.5% and 1.3% for urine across
concentrations and analytical runs. Precision, evaluated by CV percentage of
quality control samples, ranged from 3.8% to 7.9% for plasma and 1.9% to
3.5% for urine across concentrations and analytical runs.

Fig. 1. Structure of axitinib. Asterisk denotes position of [14C] incorporation.
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质谱检测仪高效液相 固体闪烁计数仪 液体闪烁计数仪 在线同位素检测仪

q仪器?



q研究内容3-1
物料平衡研究：利用液体闪烁仪测定得到每个受试者各时间间隔排泄

物中所含总放射性量，与每个受试者实际放射性给药量相比，最终得

到每个受试者体内的物质平衡数据及累积排泄曲线。

物料平衡
（%）

各时间段排泄物总放射性量

实际放射性给药量
= X 100%



放射性同位素代谢物谱
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q研究内容3-2
采用高效液相色谱与在线或离线同位素检测仪联用，获得放射性同位

素代谢物谱

=>定量分析血浆中原形药和主要代谢产物占血浆总放射性的百分比

=>定量分析排泄物（尿和粪）中代谢产物占总给药量的百分率

14C-AME/14C-ADME？



q研究内容 3-3
利用同位素示踪及质谱技术，对血浆（大于或接近10% AUC）、尿液和粪

便（> 5%给药量）中代谢物进行结构鉴定，获得原药在人体内的主要代谢

途径

14C-AME/14C-ADME？
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放射性同位素代谢物谱



q受试药物（原药+代谢物）物料平衡

q受试药物主要排泄途径

q原药及总放射性药物的药代动力学性质

q了解＞10%AUC 的代谢产物

q确证用于毒性研究的动物种属选择是否正确

q代谢物的结构鉴定

q代谢物在排泄和血液循环中的排泄比例

14C-AME可达成的目标
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q创新药的研发需要知道：

多少进入体内？变成了什么？排出了多少？

为什么做14C-AME？

Ø 人体内物料平衡

Ø 代谢物安全性评价



q FDA Guidance : Safety Testing of Drug Metabolites

Guidance for Industry (2008,2016)

q CFDA 指南：

药物代谢产物安全性试验技术指导原则（2012）

如果在临床开发过程中发现的代谢产物在实验动物种属中不

存在，或在动物中水平远低于人体水平，则建议进行进一步

的动物试验以确定该代谢产物的潜在毒性。

为什么开展？-法规和注册需要



FDA鼓励尽早开展动物和人体代谢种属差异的研究，尽早发
现人体高比例代谢产物，开展安全性评价，避免对研发进度
的影响

q FDA Guidance，2016



q CFDA指南，2012



如何做？FDA: 2016年
完成14C-AME研究仅
是代谢物安全性评价
的第一步
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14C-ADME/AME研究概述1

提纲



Human 14C-AME

何时开展？

14C-ADME
QWBA

Approach 1: phase I

• 代谢物结构鉴定

• 原药毒代

• ADME(鼠，犬，猴）
• 代谢和种属差异研究（
肝细胞，微粒体，单克隆抗
体CYP 酶）

• FIH-SAD, MAD

Comments:
Low risk for delay

1月长毒

Phase IIIPhase IIPoC  Phase IpreclinicalDiscovery

• 代谢物毒代

3/6/9月长毒
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• 代谢物结构鉴定

• ADME(鼠，犬，猴）
• 代谢和种属差异研究（
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Comments:
High risk for delay
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Phase IIIPhase IIPoC  Phase IpreclinicalDiscovery

• 代谢物毒代

Approach 2: Post-PoC

Human
14C-AME



何时开展？

14C-ADME
QWBA

• 原药毒代

• 代谢物结构鉴定

• ADME(鼠，犬，猴）
• 代谢和种属差异研究（
肝细胞，微粒体，单克隆抗
体CYP 酶）

• FIH-SAD, MAD

3/6/9月长毒
Comments:
Low risk for delay

1月长毒

Phase IIIPhase IIPoC  Phase IpreclinicalDiscovery

• 代谢物毒代
Human 14C-

AME

• 人体生物样本
中代谢物研究

• 评估人体特异性
代谢物和高比例
代谢物

• 代谢物特征

Comments:
Risk between 1&2Approach 3: Post-PoC



Phase IIIPhase II

Human 14C-
AME

何时开展？（小结）

PoC  Phase I
(SAD,MAD)

preclinical

Human 14C-
AME

Human 14C-
AME

Approach 1:
Low risk for delay

Approach 2 :
High risk for delay

Approach 3 :
Risk between 1&2

Intensive ADMEIntensive ADME

Intensive ADME

General ADME
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q受试者：病人？健康人？

q入排标准？

q剂量？

q收集哪些生物样本？

q收集多长时间？

人体14C-AME临床设计要点



q受试者选择-健康人 or患者（4~6例）

Ø 我们的既往研究：

• xx替尼1, xx替尼3:健康人

• xx替尼2, xx替尼4:晚期恶性肿瘤患者

Ø 是否有健康人phase I数据？耐受性数据？安全窗？

Ø 是否长半衰期？

Ø 临床前14C-ADME, &QWBA是否支持选择健康人？



q入排标准

Ø 14C辐射的考虑

• 以往曾经接受过大剂量辐射照射者，或在以后的1年内还有接受辐射

照射计划者

Ø 药代动力学研究考虑

• 代谢酶的影响？相互作用？

• 限制咖啡（8杯以上）？

• 试验前30天或试验期间使用过任何抑制或诱导肝脏对药物代谢的药物

Ø 常规临床研究考虑



q剂量
Ø 14C： QWBA,~100uCi（~1mSv)
Ø 冷药剂量：药效剂量/临床剂量(phase III)
q剂型
Ø 粉末-混悬液给药

¾ NC-120临床给药制剂为片剂

¾ 人体放射性药代的给药制剂：口服混悬液

¾ [14C]NC-120合成量少，无法用于制备符合要求的片剂用于临床实验¾ [ C]NC-120

¾ 需要桥接实验确定口服悬浮液与前期片剂给药药代数据



q生物样本

Ø 主要：血液，尿液，粪便

Ø 其他：痰液等其他体液，如胸水



q样本收集时间-采集终点指标
Ø 血液样本采集终点为连续两个时间点血药浓度 < 150 

DPM/mL (检测限)

Ø 尿液和粪便的采集终点为总累计排泄量达到90%或连续两天

的累计排泄量均< 1%给药量

Ø 我们的既往研究：

• xx替尼1：~ 1周； xx替尼2: ~3个月（原药T1/2:~100h）

• xx替尼3,：~2周；xx替尼4: ~10天（原药T1/2:7~8h）



q [14C]司美替尼人体内吸收、代谢和排泄的研究

案例分析



研究设计

q单中心、开放、单剂量的临床试验研究

q男性健康志愿者（6名）

q试验剂量75 mg，辐射安全剂量17.07MBq

q样本采集：血液，尿，粪

D-28 D-1 D1

筛选期

服药

血液采集

D9 D10

基线期

给药研究阶段

尿、粪收集

D-2 D3
【 】 【 】



q原药及N-去甲基代谢物和总放射性药物整体药代动力学性质

q药物物质平衡信息

q药物生物转化途径

q评价司美替尼在人体内药代动力学整体特征及安全性

研究目的



q入选：50-65岁的男性健康受试者；

q入选：受试者必须自愿并且签署知情同意书，同意遵守研究方

案的要求。

q入选：略

q排除：服药前一年内参加过放射性暴露量>5 mSv的受试者，或

服药前5年内>10mSv的受试者。

q排除：（略）

入排标准



q样本采集：

Ø血样：0、 0.5、 1、 1.5、 2、 2.5、 3、 3.5、 4、 6、 8、 12、 24、 48、 72、 96、 120、
144、168、192、216和240h；

Ø尿样及粪便：服药后0~6、6~12、12~24、24~48、48~72、72~96、96~120、120~144、
144~168、168~192、192~216h；

注：由于一名受试者在服药后的第一周内无粪便样本，将排泄样本的采集时间延长

至216h。

样本采集



① [14C]司美替尼的总放射性和药代动力学特征：

结果：药动学特征

p 给药后全血与血浆总放射性浓度比值在60-70%之间，且并未随时间改变而改变，
提示放射性物质与血细胞无显著性结合。

图 1

表 1



②血浆中非标记司美替尼及其代谢物N-去甲基司美替尼和全血中总放射性强度的
药代动力学参数：

结果：药动学特征

表 2

约7%



③ [14C]司美替尼的累积排泄和物质平衡：

结果：物料平衡

p 给药后总回收率为93%，其中粪便中为59%，为主要排泄途径，尿液中
为33%。

图 2



④ 血浆中代谢物谱：

结果：代谢物谱及结构确证

表3 血浆中[14C]司美替尼及其代谢物占血浆总放射性强度的平均百
分率（%）

分析物 结构 M/Z 百分率

Selumetinib 原药 459 40%

M2 脱乙二醇、葡萄糖醛酸化、
脱质子

571 22%

M1 N-去甲基化、葡萄糖醛酸化、
氧化/内环化

557

各占
2-7%

M3 N-去甲基化、葡萄糖醛酸化 619

M4 葡萄糖醛酸化 633

M8 N-去甲基化 433

M11 N-去甲基化、氧化 457

M15 酰胺基水解、羧酸化 398

M14 脱乙二醇 397 <2%

图3 Reconstructed radiochromatography of AUC 
in pooled human plasma after a single 75-mg oral 
dose of [14C]-selumetinib in a representative 
subject.



⑤ 尿液中代谢物谱：

结果：代谢物谱及结构确证

表4 尿液中[14C]司美替尼及其代谢物占给药剂量的平均百分率（%）

分析物 结构 M/Z 百分率

Selumetinib 原药 459 ≤1%

M2 脱乙二醇、葡萄糖醛酸化、
脱质子

571 10%

M1 N-去甲基化、葡萄糖醛酸化、
氧化/内环化

557

各占
1-10%

M3 N-去甲基化、葡萄糖醛酸化 619

M4 葡萄糖醛酸化 633

M7 葡萄糖醛酸化 633

M8 N-去甲基化 433

M11 N-去甲基化、氧化 457

M14 乙二醇部分丢失 397

M15 酰胺基水解、羧酸化 398

图4 Reconstructed radiochromatography of AUC 
in pooled human urine after a single 75-mg oral 
dose of [14C]-selumetinib in a representative 
subject.



⑥ 粪便中代谢物谱：

结果：代谢物谱及结构确证

表5 粪便中[14C]司美替尼及其代谢物占给药剂量的平均百分率（%）

分析物 结构 M/Z 百分率

Selumetinib 原药 459 19%

M14 脱乙二醇 397

各占
1-9%

M8 N-去甲基化 433

M15 酰胺基水解、羧酸化 398

M12 N-去甲基化、脱乙二醇 383

M13 N-去甲基化、脱乙二醇、单氧化 399

M9 N-去甲基化、乙二醇部分丢失、
缀合

515

M10 乙二醇部分丢失、脱质子 395

图5 Reconstructed radiochromatography of 
AUC in pooled human feces after a single 75-
mg oral dose of [14C]-selumetinib in a 
representative subject.



结果：代谢通路

l 司美替尼在人体内
可能的代谢途径：



q经研究者评估，整个试验过程中所报告的不良事件症状轻微，且与司美

替尼无关，试验结束后均得到解决。

q试验药物在健康男性受试者中的安全性和耐受性良好。

结果：安全性特征



q司美替尼主要通过粪便排泄。

q司美替尼在血浆中主要以原形药形式存在；主要代谢物为M2
，占血浆总放射性的22%。

q司美替尼在体内主要的代谢途径包括N-去甲基化、直接葡萄糖
醛酸化、 I相代谢物的葡萄糖醛酸化、氧化等。

q司美替尼在健康男性人群的安全性和耐受性良好。

结论



受试者的权益、安全和健康

必须高于对科学和社会利益的考虑。

14C-AME临床试验成功的关键

科学

合理

伦理

规范&



q研究顾问: 江骥教授 （北京协和医院）

q检测单位： 南京美新诺医药科技有限公司

江苏万略医药科技有限公司

q江苏省人民医院临床研究团队：

I期临床研究室；核医学科； 肿瘤科；急诊科

q受试者： 12例健康志愿者，13位肿瘤患者

q申办方提供的课题

致 谢！！!



谢谢聆听！

邵凤：shaofengnj@163.com

“十三五” : 同位素示踪技术临床研究评价技术平台


