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@RBIEOWIR Y v~ 77 7 ESHEE (LC/MS/MS: Liquid chromatograph / Mass

spectrometry/ Mass spectrometry)
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Computed Tomography (SPECT)
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121 : LR e d R, FFFEF VT RE P Z; TaFivb R, E¥Fa
w7 AOERGEE (FEEEEN S 7T RERRICED D ¥ oY) | BhIREL -
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@ 1/10 LA F O£k & 15, fem# R, NOAEL o AUC @ 1/50 (RE[RIE: G- dztkadi) (TE
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vy, RIC5fE,. FEIS EREL, -2 CiriiKE#R 5B NOAEL @ 1/50 12 X512,
1/5 OB AT 1/250 L L=,

TE 2-3 0 HAICET 55 [ #HRBRO MR RO ERITED D TORWA, BRI
(Z e b IR ME O @B T O SR - SBR  NOAEL @ 1/60 AR ST 5,
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1790 X700 | fEROF | HRBROYEMEL 0 IRV ESREE S,

T 2-4 ;. EEAEO FREIRIEERERICE T 27 L8825 5 PK/PD BE{E, b R4
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7 2-6 1 1986-1995 4FE 0 A THEdH HVITIRRA G S hi- (k&% (183 (k&4 @
WAER (3 4 HHMRARR) FEEHETOANC O (@/b ~) 2#E LT
i, LEAB3LLEIXT > BT 58% (73/126), A X T 63% (77/122), kbAs 9 LA LTk
F w T 32% (40/126) . A X T 46% (56/122)  tbAS 81 LI, 7 R T 9%(11/126) .

TJRETYR (-, BEMBARE, REOHES, KEJK. HARANEHER A% x4 L Lz First-in-Human 3
BB AP SRR EICHTS L ka2 T 0 FRE BRI 2006:37(3): 119-26.

OMBEAE, B b IR A THEEREDROMEESE In: w4 7 8 F— XHERR
BlaR & EH— - RAERR Y — AV OTERIZEITT—, Bl BERTRTH. 69-81, Cit
2. 2007.
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A X T 11%(13/122) TH-o1=", REHMHERITISITS NOAEL @ AUC @ 1/10 D AUC %
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REENLEDEGRITETDHARMNSH LD, J 2T, EoHRSGEAHEEL,
BRI A BT A OOREFIEEZRR L,

3. GUMPERMEEAKAER I - AR Rl 2 7= ) 2 7 Bk Rk

RERIZRiRIC, & P TOLZ2MRB XU NOAEL, N ELZHEET S0, L
FOHERRE L K5, 20 0ORBREERNE, £ FTORLEICREL4 Uil
i, Wi, SNERREBRE BT S,

* L ICH (23 2 E - HiLE,

(DHin] - #ERESH RERRE (IT7HY)
o HijnF: 7o ik B G BRI

TR SR TO, > L OIS > % VoA e 5B E -1k
W) e I, 7o b 20K 2 MR o R B -t akER, PR EL N G RBRTCI, 5
HEEGH 14 A B4 @ 20, Mg A Mg e, Ak, W FrmRal X
DB WY (WY b 1 TN AN
o HME:LHBBORMET L AR

7253 Lo st BREH b K AR L, PSR EHRE A E L, AR
##1Z Cmax = AUC R, NOAEL @t & ofRE AR 5,

® invitrofR@IHAER (71 3-1)

o Il (BRZERE RR)

o LAMEHRBOar AyTY—

Wik —, TREH EXLERBICBITAE FOEBKBRSELIEMOESHERIIBITSZ 7
Nee hFLAFIT 47 AT A—FZOERT. EEREE 199 ; 27(4) : 759-769.
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® UEURGELMEA IR LT S B AT, HEERGRERRG L< ik 1 » HoORBE G IC LS
/1 ST e~ 0D B ABE A 3 o B

Wik it aER Y, NOAELZHEE T 2 O 48 TR BEBE & 345 . de i H it Kt
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HERMEEHL A (STD : Severely Toxic Dose ) HAHVNEIZENMHFECORRE &% AWT
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KHAZ o AT, x5 HWIcB W T Sha ki (MTD) & ik,
LR Tdo 2 BBUENE T Wi RBIT ot ER S h 5,

@Uiml/ b ey - FEAH BRI AER  (77Y)
o il dth AR

o o i L O - EIEN 2 RV = 28115 B VR E L B o B SR o Rl
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SE TS (1E3:2).
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B A T s~ D SRR A A% 42 E,
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NLLLEDOES - AL TV LOABLH, B MFIZn VY —Ab AW I M

fad v, (GHOREICDWT, N TES I ENFEETH S,

32 MK SRR LA ED DV EEREIEMIL A A in vitro R TOFRES
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AL, i viveo IZBITASEEO SEFE:E2FHT D Z Lk, B - FEEA2 TS
ETCEETHB,

E 3 mMETREES CEKBEZFNERZBEEM T CRBFTT I L%
pharmacokinetic/pharmacodynamic(PK/PD)#4T &\ 5, FEERER 12351V T PK/PD #4723
fibhTWwa L, £ MBI 2EDOTFRICERTHY . BLEYOBKIZRIT 5%
OFEREOHEIZHETH D,
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WTHEICEETETHLY,

5. IKBI O MEERIC T 25X
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L4 CHORPEE AR ¥ b o B B YRR A O BE - anlRGEICB L T, ~
A 7 a F— XK & RINEEREERR IR - I FHED LT, HBRE ~O BN A%
WORERIT, <A 70 F—ABKERROBHNEEREOR G R &3, BRIRERIT W
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MR R R Rl AN, TRERIR O RIS E B L OV B B L TE N ORI OBRGE A% DOARIE R
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T =GB A SR R ERL S v RE T h D,

F oL IR AR R SR MR ds\ TR S v T D & B o BR . £ o
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e LRI BT, HHFDO NS A~ —D—DKBEM L L TORBRFMAEEE L
THOLNATEDHITE, LTFLLFOAS A ~—D—RBEEOBREL L Uailo L%
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—170—



(A 70 F—XERRBROERIZET LV 5 2] (8) Tk, £oBEMEMICON
T, i SUIEN T 22 5 FEBR BT 20+ i oh Tuoin
H O A ERER OIS &3 < R D ERBEFIC L A KBER 2 5F LB et %
BETHHAICOWTEL, I ZOREMFICONTOBERLETHY | KWL F
AEFOFEEWMMT D L TE RN, ) ELTWD, ARWIERBROGARERDT - ML
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Contains Nonbinding Recommendations

Guidance for Industry'
Estimating the Maximum Safe Starting Dose in Initial Clinical
Trials for Therapeutics in Adult Healthy Volunteers

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this topic. It
does not create or confer any rights for or on any person and does not operate to bind FDA or the public.
You can use an alternative approach if the approach satisfies the requirements of the applicable statutes

and regulations. If you want to discuss an alternative approach, contact the FDA staff responsible for
implementing this guidance. If you cannot identify the appropriate FDA staff, call the appropriate
number listed on the title page of this guidance.

L INTRODUCTION

This guidance outlines a process (algorithm) and vocabulary for deriving the maximum
recommended starting dose (MRSD) for first-in-human clinical trials of new molecular entities
in adult healthy volunteers, and recommends a standardized process by which the MRSD can be
selected. The purposc of this process is to ensure the safety of the human volunteers.

The goals of this guidance are to: (1) establish a consistent terminology for discussing the
starting dose; (2) provide common conversion factors for deriving a human equivalent dosc
(HED); and (3) delineate a strategy for selecting the MRSD for adult healthy volunteers,
regardless of the projected clinical use. This process is depicted in a flow chart that presents the
decisions and calculations used to generate the MRSD from animal data (see Appendix E).

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should
be viewed only as recommendations, unless specific regulatory or statutory requirements are
cited. The use of the word should in Agency guidances means that something is suggested or
recommended, but not required.

' This guidance has been prepared by the Office of New Drugs in the Center for Drug Evaluation and Research
(CDER) at the Food and Drug Administration.
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II. BACKGROUND

The process identified in this guidance pertains to determining the MRSD for adult healthy
subjects when beginning a clinical investigation of any new drug or biological therapeutic that
has been studied in animals. This guidance is not pertinent to endogenous hormones and
proteins (¢.g., recombinant clotting factors) used at physiologic concentrations or prophylactic
vaccines. The process outlined in this guidance pertains primarily to drug products for which
systemic exposure is intended: it does not address dose escalation or maximum allowable doses
in clinical trials.

Although the process outlined in this guidance uses administered doses, observed toxicities, and
an algorithmic approach to calculate the MRSD, an alternative approach could be proposed that
places primary emphasis on animal pharmacokinetics and modeling rather than dose (Mahmood
et al. 2003; Reigner and Blesch 2002). In a limited number of cascs, animal pharmacokinetic
data can be useful in determining initial clinical doses.* However. in the majority of
investigational new drug applications (INDs), animal data are not available in sufficient detail to
construct a scientifically valid, pharmacokinetic model whose aim is to accurately project an
MRSD.

Toxicity should be avoided at the initial clinical dose. However, doses should be chosen that
allow reasonably rapid attainment of the phase 1 trial objectives (e.g., assecssment of the
therapeutic’s tolerability, pharmacodynamic or pharmacokinetic profile). All of the relevant
preclinical data, including information on the pharmacologically active dose. the full toxicologic
profile of the compound. and the pharmacokinetics (absorption, distribution. metabolism, and
excretion) of the therapeutic, should be considered when determining the MRSD. Starting with
doses lower than the MRSD is always an option and can be particularly appropriate to meet some
clinical trial objectives.

2 If the parent drug i1s measured in the plasma at multiple times and is within the range of toxic exposures for two or
more animal species, it may be possible to develop a pharmacokinetic model predicting human doses and
concentrations and to draw inferences about safe human plasma levels in the absence of prior human data. Although
quantitative modeling for this purpose may be straightforward, the following points suggest this approach can
present a number of difficulties when estimating a safe starting dose. Generally, at the time of IND initiation, there
arc a number of unknowns regarding animal toxicity and comparability of human and animal pharmacokinetics and
metabolism: (1) human bicavailability and metabolism may differ significantly from that of animals; (2)
mechanisms of toxicity may not be known (e.g., toxic accumulation in a peripheral compartment); and/or (3)
toxicity may be due to an unidentificd metabolite, not the parent drug. Therefore, relymg on pharmacokinetic
models (based on the parent drug in plasma) to gauge starting doses would require multiple untested assumptions.
Modeling can be used with greatest vahidity to estimate human starting doses in special cases where few underlying
assumptions would be necessary. Such cases are exemplified by large molecular weight proteins (e.g., humanized
monoclonal antibodies) that are intravenously administered, are removed from circulation by endocylosis rather than
metabolism, have immediate and detectable effects on blood cells, and have a volume of distnbution limited to the
plasma volume. In these cases, allometric, pharmacokinetic, and pharmacodynamic models have been useful in
identifving the human mg/kg dose that would be predicted to correlate with safe drug plasma levels in nonhuman
primates. Even in these cases, uncertainties (such as differences between human and animal receptor sensitivity or
density) have been shown to affect human pharmacologic or toxicologic outcomes, and the use of safety factors as
described in this guidance is still warranted.
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The remainder of this guidance focuses on the recommended algorithmic process for starting
dose extrapolation from animals to humans based on administered doses, since this method will
likely be useful for the majority of INDs seeking to investigate new drugs in healthy volunteers.
Some classes of drugs (e.g., many cytotoxic or biological agents) are commonly introduced into
initial clinical trials in patient volunteers rather than healthy volunteers. Typically, patients are
used instead of healthy volunteers when a drug is suspected or known to be unavoidably toxic.
This guidance does not address starting doses in patients. However, many principles and some
approaches recommended here may be applicable to designing such trials.

III.  OVERVIEW OF THE ALGORITHM

The recommended process for selecting the MRSD is presented in Appendix E and described in
this section. The major elements (i.e., the determination of the no observed adverse effect levels
(NOAELSs) in the tested animal species, conversion of NOAELs to HED, selection of the most
appropriate animal species, and application of a safety factor) are all discussed in greater detail in
subsequent sections. Situations are also discussed in which the algorithm should be modified.
The algorithm is intended to be used for systemically administered therapeutics. Topical,
intranasal, intratissue, and compartmental administration routes and depot formulations can have
additional considcrations, but similar principles should apply.

The process of calculating the MRSD should begin after the toxicity data have been analyzed.
Although only the NOAEL should be used dircctly in the algorithm for calculating an MRSD,
other data (exposure/toxicity relationships, pharmacologic data, or prior clinical experience with
related drugs) can affect the choice of most appropriate species, scaling, and safety factors.

The NOAEL for cach species tested should be identified, and then converted to the HED using
appropriate scaling factors. For most systemically administered therapeutics, this conversion
should be based on the normalization of doses to body surface arca. Although body surface area
conversion is the standard way to approximate equivalent exposure if no further information is
available, in some cases extrapolating doses based on other parameters may be more appropriate.
This decision should be based on the data available for the individual case. The body surface
area normalization and the extrapolation of the animal dose to human dose should be done in one
step by dividing the NOAEL in each of the animal species studied by the appropriate body
surface arca conversion factor (BSA-CF). This conversion factor is a unitless number that
converts mg/kg dose for each ammal species to the mg/kg dose in humans, which is equivalent to
the animal’s NOAEL on a mg/m basis. The resulting figure is called a human equivalent dose
(HED). The species that generates the lowest HED is called the most sensitive species.

When information indicates that a particular species is more relevant for assessing human risk
(and deemed the most appropriate species), the HED for that species may be used in subsequent
calculations, regardless of whether this species is the most sensitive. This situation is more
applicable to biologic therapies, many of which have high selectivity for binding to human target
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