IMPURITIES IN NEW DRUG
SUBSTANCES Q3A(R2)
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CLASSIFICATION OF IMPURITIES

Impurities can be classified into the following

categories: _ _
S ’ 4 - \

* Organic impurities (process- and drug-related) < WpL= 5 M’d“ Q“Jit_j;

*_Inorganic impurities 2 wyd@ cour boue \G:.L?Lo

* Residual solvents
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Terminology |

AT
\gau 3 wL’?‘iafe) \ Uﬁ’_ In-process tests, are tests which may be performed
Cn-;d_;w\ e during the manufacture of either the drug

(lense A ab L) tes- 3 substance or drug product, rather than as part of

ol dru% the formal series of tests which are conducted prior
to release.

5 == _» Degradation product: A molecule resulting from a
| \:*?J"”Q“"' ‘”‘“?‘_PGC;““ chemical change in the drug molecule brought
L) Q«':fvg“‘“ aad) U 3hout over time and/or by the action of e.g., light,

\;Y Hae achond\ Over h'we temperature, pH, water, or by reaction with an

o - excipi ' [ [ losure
wJJL excipient and/or the immediate container/c
-—- T gystem. Also called decomposition product.
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Terminology

E ébf A :5' Y : e
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T T 3y purity: (1) {\ny.component of ’Ehe new drug - _
CJA@M\&”[ ;s substance which is not the chemical entity defined as Pt 3 =V
the new drug substance. (2) Any component of the—=>>
drug product which is not the chemical entity defined

as the drug substance or an excipient in the drug
product.

Chem cal Srudugl G «-\dentified impurity: An impurity for which a structural
, A _»1. Characterization has been achieved.
\_giel (Rao Mo, 2000
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Terminology

» Specified impurity: An identified or unidentified
impurity that is selected for inclusion in ti)e new (_irug
A substance or new drug product specification and is
5 ?J:}c.iﬁﬁ’ A Do individually listed and limited in order to assure the

or . — drug 121
N epeatycalisd) quality of the new drug substance or new o Jisgy sl 30
\ i - ' Cro
\ ~\~JA: ‘fppfjwf/ p product. )1 Ball N Bl 0 B E T ) epmcjunlily
1WAy L
dmoL S\
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RATIONAILE FOR THE REPORTING

AND CONTR
| OLOF IMPURITIES .
Orgamclmpuw B sy
* The applicant sho ' e

ppli should summarize the actyal and ,de= 2 aa‘%:mﬂé
potential impurities most likely to arise during the <! achal J’ef:f';
synthesis, purification, and storage of the ne 1“‘1"“’,'“5‘5"“2‘
Substance.  Sywhusis, extaation Siom plt /Stofag oY ue,m@y;%‘-o?}f
. o3 — . i QUU’ZI c N
3,470 c_ﬁ]l Gb) M‘G In addition, the applicant should summarize the

: 45
1 =5 laboratory studies Conducted to detect impurities jn_ 7oA VU o) 5
| R Lgsup < the new drug substance in

luding results of: ( poredsy & ¥ Yk
be 0 5 S a0 r'mpuf‘;H% 1. batches manufactured dur

ing the development process Jd=1 348 g us-
. : ve2. batches from the proposed commerci
A S5 o graditebie prop SPrOGEy =ty

| Na)iy o ° Stress testing (see ICH Guideline Q1A on Stability) used to AC\«@L&
Co /12;_:”_) ? We identify potential impurities arising during storage.
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FATE 2

RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES
Y (b5, \gin 20 Organic Impurities
Rc@ef Rufed teshad Stress testing (drug substance)

L.y ‘resrinals  Studies undertaken to elucidate the intrinsic odted I\ 1o )

Gy b 1902 Us\sY grapility of the drug substance. ”C’O%e}rﬁ\“‘?’ accelrut e 43

newnedty / "J“*’P) e Such testing is part of the development strategy s
&@;GW@J&J:’ and is normally carried out under more severe%cm.&f\%“\_ls A o
22 C&ee5®  conditions than those used for accelerated testing. wmole_ sev
~ — @.@CP"IG/\V Ji U-”L.QJ Lo )

7
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W32 RATIONALE FOR THE REPORTING
AND CONTRgL OF IMPURITIES
|

. G
Gy 2 os slel WgReporting Threshold: A limit above

(>) which an
iU 3 os'le 45;5 ds_;‘ﬂ impurity should be reported.

o ol p}ﬁj Identification Threshold: A limit above (>) which an
@9 \denh =% impurity should be identified.

Qualification Threshold: A limit above (>) which an
impurity should be qualified.

Qualification: The process of acquiring and
evaluating data that establishes the biological safety
of an individual impurity or a given impurity profile
at the level(s) specified. e ot
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

»Any impurity (or degradation product observed in
stability studies) at a level greater than (>) the
identification threshold in any batch manufactured by
the proposed commercial process should be identified.

s e . »When identification of an impurity is not feasible, a

h OJW'LJ], : 47_0’\5”3 summary of the laboratory studies demonstrating the

Cen Sb \};K*UJ\ GlateS \nsuccessful effort should be included in the
s SV gt J) ¢ application.

P %Where attempts have been made to identify

ot D - 'iaea—“;g“‘ﬂj1“‘|'mpurities present at levels of not more than () the
identification thresholds, it is useful also to report the

results of these studies. ,p_o A4S0 veww daka ) 2L
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Thresholds
— d)fjbvp_
( i\gn:;imu% Reporting Identification Qualification
aily Dose! ) | Threshold?3 3 3 . "
| TanY .l:es o Threshold Threshold ) TS e is
< 2g/day 0.05% 0.10% or 1.0 mg per day | 0.15% or 1.0 mg per day = Vs A3 wwe
intake (whichever is |intake (whichever is - Ao
lower) lower) \J! ) ~
> 2g/day 0.03% 0.05% 0.05%
f—i—
1 The amount of drug substance administered per day 2 (’J—a@ Goslel \;—-‘i: 7o) s 1 (_390
2 Higher reporting thresholds should be scientifically justified 2 35l 5 1510 Qg\SL;- )Que Ls_pub ~ _‘J‘Q’J
3 Lower thresholds can be appropriate if the impurity is unusually toxic _9.29 & %@5’\/\01 6

H}\A S ou L)) Joxidy)) €8 15\ (_\
\Oweﬂ —“ &_2)-' 19
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Example 1: 0.5 g Maximum Daily Dose
Reporting threshold = 0.05%
Identification threshold = 0.10%
Qualification threshold = 0.15%
"Raw” Reported Calculated Total Daily Action
Result Result Intake (TDI) (mg) of the Identification Qualification
% (%) impurity (Threshold 0.10% (Threshold 0.15%
Reporting (rounded result in mg) exceeded?) exceeded?)
threshold
=0.05% = <
0.044 Not reported 0.2 one None
0.0963 0.10 0.5 Ol s s None None
012 0.129 0.6 vepofie) Yes Nonsa?
0.1649 0.16Y 0.8 Yes est
Thresholds
= entification Qualification
i‘:‘i‘ﬁ;"x‘::'o”;‘e: '%;5::12315 2.3 -Irc::;;sh:ma ':‘l;;::'holld; T T
o, . m d - or L. '
= 2g/day 0.05%% ?n::ki ox (];;?,icl'lgegz:-: E;‘; PL%? (whichever is
lower) GU' ke
> 2g/day 0,05% a-pae = =
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Example 2: 0.8 g Maximum Daily Dose

Reporting threshold = 0.05%
Identification threshold = 0.10%
Qualification threshold = 1.0 mg TDI

*Raw™ Reported Caleulated Total Daily Action
Result Result Intake (TDI) (mg) Identification Qualification
o) (%o) of the impurity {Threshold 0.10% (Threshold 1.0 mg
Reporting (rounded result in mg) exceeded?) TDI exceeded?)
threshold
=0.05%
0.066 0.07 0.6 None None
0.124 0.12 1.0 ves l‘iane”—"
0.143 0.14 1.1 ves YesV
Thresholds
epo n entifi ti Qualification .
%1:5;323!0!:‘! 1 ";h:':e Brth:)lg’J I‘r':wl:;h:i:n i Threshold®
a = or 1.0 day
S TE = s o | s se e
lower) lower
> 2giday 0.03% 0.05% 0.05%
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Qualification of impurities

* The level of any impurity present in a new drug/substance

that has been adequately tested in safety and/or clinical i
studies would be considergd qualified. — L_—ﬂ,.cwaﬂ%l«vw’él Jatd

* Impurities that are also significa etabalites present in
animal and/or human sﬁglagﬂajr%mgeneraliy considered
_ qualified.
Yevel 3 &\e 290 {Sasi\e e If data are '

unavailable to qualify the proposed acceptance
q’lwfb’ﬁamw A\ co s\edd) criterion of an impurit aualty P 2

jbeé 23 g

el AL §_’f_1f®|ftfq obtainhsucf;l dl?jta can be Jon Jun Va2
W\ a, | Cne appropriate when the usual qualification thresholds given in = o7
Joka Ny Wl | are exceeded. " g
ded) Aupdds 2>

» In some cases, decreasing the level of impurity to not more 3% ) Vc‘t‘“’uy‘ﬁ

than the threshold can be simpler than providing safety — jupuiiyJ) 2

data. : J= o
. . ) 4 )

* Alternatively, adequate data could be available in the B

scientific literature to qualify an impurity. ,Jiilﬂ_)) U" \-ﬂfl‘w
— —_ 5
T Y EAVAEAR Lo o= W LY Sally W olubs * 5}’@;\?%‘;%::) 13;
” Goll  terd 3y QB o2 Go o) G
gualFiedl | G\l = Q2o Slalndy &) U (X

-

Sc\uwhife sebahg\2 25 @d3 #

i LA | b
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REPORTING IMPURITY CONTENT OF 1= 121 feporii) aus
BAT LSl ad 14 oty
CH ES L ol 1
. @i 225 ) aey sopom A S
* Analytical results should be provided in the application “* \20 \{wil 20 To
for all batches of the new drug substance used for ~ T A\bwalle ) T
clinical, safety, and stability testing, as well as for ‘L““M“?
batches representative of the proposed commercial
) process considering the following:
(SPJ'-'\UB" ko S\ S 2¢v\ ¢ Quantitative results should be presented numerically, and _
not in general terms such as “complies”, “meets limit” etc. 31 {524 L Gad3) Cots 15\

* Below 1.0%, the results should be reported to two decimal Cx~ % f? st Ve b
places (e.g., 0.06%, 0.13%); at and above 1.0%, the results ‘5%5\ lo) dwo 55ear\% =
should be reported to one decimal place (e.g., 1.3%). 4 S alove ont s

* Any impurity at a level greater than (>) the reporting one & ec:’d! A
threshold should:

* be reported with the analytical procedures indicated.
* impurities should be summed and reported as total impurities.

oweledyol presjedl o wol Bk 90wy + Qimpulhilecy e s & ”
fobed ettty I 9 Gk e gypgo)
SN puor 3 G drs i Wk | ) T
Lo deciond) i mash / Wew[,))j
/‘ T ot NS
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REPORTING IMPURITY CONTENT OF
BATCHES

QFor each batch of the new drug substance, the report
should include:

* Batch identity and size
* Date of manufacture
e Site of manufacture \ocak o

Yedolehny W ¥ 2y Manufacturing prc.)ce?s‘
e Impurity content, individual and total

| b ) wasdSodhorn S5 Use of batches
0 WGP ¥ n%- Reference to analytical procedure used

Qﬂ-"ch/USPw &

15
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Listing of impurities in specifications

* The specification for a new drug substance should include a
list of impurities.
* Those individual impurities with specific acceptance criteria
L included in the specification for the new drug substance are
5950‘?“@,&@\&9{) NS &) . referred to as "specified impurities” in this guideline.
* Specified impurities can be identified or unidentified.
- ‘ * Specified, unidentified impurities should be referred to by an
Ve By il X & appropriate_ qualitative analvtical riptive_label (e.g.,
{5135 10 15 BRalon L “Unidentified A", “unidentified with relative retention of

" $ - b y 0.9"). X ! e

M“‘Q&JISQUA}J@ A :JU'E ; l
- LA}W‘?‘J - * A general acceptance criterion of not more than (<) the
WSveglaw= jdentification threshold for any unspecified impurity and an
acceptance criterion for total impurities should be included.

is
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Listing of impurities in specifications

In summary, the new drug substance specification
:shoulc_l include, where applicable, the following list of
Impurities:
QOrganic Impurities

* Each specified identified impurity

* Each specified unidentified impurity

* Any unspecified impurity with an acceptance criterion of
not more than (<) the-identification threshold

e Total impurities

W Residual Solvents
Q/norganic Impurities )
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Impurity limits in Pharmcopeias: e.g. felbinac %
Related substances.

Limits: -
s Nig 4wy ®
ﬁeu} — Impurity A: not more than the area of the corresponding peak in the alen u"’ée{;\) _,fjueq‘jg
\Qfel[ chromatogram obtained with the reference solution (0.1 per cent) ; (,_@,W‘};"H’ v - ]ojd Pe
Gole shyuchoed) — impurity B: not more than the area of the peak due to felbinac in the 2

chromatogram obtained with the reference solution (0.1 per cent) ; N S rxnka@\-” ) 2
—{?nspec:_ﬂed imm: for each impurity, not more than the area of the (eJerunces s)ouly
peak due to felbinac in the chromatogram obtained with the reference
solution (0.10 per cent) ;
— total : not more than twice the area of the peak due to felbinac in the
. . chromatogram obtained with the reference solution (0.2 per cent) ;
Uoso s

— disg._'gw_’lir_njt: 0.5 times the area of the peak due to felbinac in the
chromatogram obtained with the reference solution (0.05 per cent).

qu}&! Subﬂm“ct hlorides: maximum 110 ppm.

ol " Drug
0D =) sulfates: maximum 130 ppm. i
Pryfrcah g Ly ~ Sulfated ash (2.4.14) : aZZ FRr N
maximum 0.1 per cent, determinedon 1.0g.  ** dLi A
q

-
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Impurity limits in Pharmcopeias: e.g. felbinac

IMPURITIES
Specified impurities : A, B.

R

A. R = CO-CH:: 4-acetyl biphenyl,
B. R = H: biphenyl.

1404 q Drug ]
120
100
ium-
! Impurity A Impurity 8
0 &) L] E
030 2 =

T —— T T
90 10 200 100 400 K00 €03 M0 £ Wb0 000
Trw (o)

CU"de \ :"é- L"'L‘é:('ggu Disregard limit: in chromatographic tests, the nominal content at or below
AN Peales Il 2R which peaks/signals are not taken into account for calculating a sum of
N _o| impurities. The numerical values for the disregard limit and the reporting

é{/:’\j L) Snynl e threshold are usually the same. i
Crns JVCEPT -

-
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IMPURITIES IN NEW DRUG
PRODUCTS Q3B(R2)
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Organic Impurities

* This guideline is complementary to the ICH Q3A(R) guideline ,, W ROV PR (-
“Impurities in New Drug Substances”. > E -

Yem, !
* The applicant should summarize the degradation products nisekly, P A 2

observed during manufacture and/or stability studies of the

new drug product.

* The applicant should summarize any laboratory studies
conducted to detect degradation products in the new drug

product. T
Y
* This summary should also include test results of batches s50d, oS

manufactured during the development process and batches
representative of the proposed commercial process.

qa.li.;.d{;ylp} MSY P72 A rationale should be provided for exclusion of those W °# qf’w"'"“""—“ Gw

1 - impurities that are not degradation products {e.g., process g5 § u> cr» W X
metUudoley e s impurities from the drug substance and impuriﬁe’s arising -

from excipients). iy "‘dﬁ%ﬁ

21 ! 9 r
g S ) | Bilpastd

etk iahy Qg rekion sahisiical

RATIONALE FOR THE REPORTING

CamScanner = Ligs d>gwaall
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Organic Impurities

* The rationale is similar to drug substances with regard to:

e ) '}b\; Uso La asap reporting, identification and qualification threshold concepts
—— (but the threshold values are different)

< * the rounding of presented results

* Chromatograms with peaks labelled (or equivalent data if
other analytical procedures are used) from representative
batches, including chromatograms from analytical procedure

validation studies and from long-term and accelerated stability
studies, should be provided.

’ﬂ l/_g‘,:n.)_dsa@
)
nev/df“—’} : Ll

AR
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RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

Attachment 1: Thresholds for Degradation Products in New Drug Products

Reporting Thresholds
Maximum Daily Dose* Threshold™=!
<lg 0.1%
>1g 0.05%
Identification Thresholds
* 1
Maximum Daily Dose* Threshold™ S }aJ douly W"-
<1mg 1.0% or 5 ug TDI, whichever is lower =5 ) e F
I mg- 10mg 0.5% or 20 pg TDI, whichever is lower - e %
>10mg-2g 0.2% or 2 mg TDI, whichever is lower 28 [’Y S| Arlas
>2¢g 0.10%

Qualification Thresholds

Maximum Daily Dose* Threshold™
)) o sufl¢ I . <10mg 1.0% or 50 g TDI, whichever is lower
60 S Lng _/"J E 10 mg - 100 mg 0.5% or 200 pg TDI, whichever is lower
sle <) >100mg-2g 0.2% or 3 mg TDI, whichever is lower
>2g 0.15% -
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Example 1: 50 mg Maximum Daily Dose

Reporting thre

shold: 0.1%

Identification threshold: 0.2%
Qualification threshold: 200 pg

RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

'Raw' Result | Reported | Total Daily Action
Result Intake (TDI)
of the Identification | Qualification
(%) (%) Degradation | Threshold Threshold
(Reporting | Froduct 0.2% 200 pg TDI
Threshold = | (rounded | exceeded? exceeded?
0.1%) result in pg)
0.04 Not reported 20 None None
0.2143 0.2 _ 100 None None
Jo =
0.349 0.3t 150 Yes None!
0.550 0.6! 300 Yes Yes!
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Example 2: 1.9 gram Maximum Daily Dose
Reporting threshold: 0.05%

Identification threshold: 2 mg

Qualification threshold: 3 mg

RATIONALE FOR THE REPORTING
AND CONTROL OF IMPURITIES

'Raw’ Result | Reported Total Daily Action
Result Intake (TDI)
of the Identification | Qualification
(%) (*6) Degradation | Threshold | Threshold
(Reporting Product TDI
Threshold = 2 mg TDI 3 mg
0.05%) (rounded exceeded? exceeded?
result in mg) dosie
Not %
0.049 reporteil 1 None None
0.079 0.08 2 None None
0.183 0.18? 3 Yes Nonel- 2
0.192 0.19! 4 Yes Yes!
25
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REPORTING IMPURITY CONTENT OF
BATCHES

UFor each batch of the new drug product described in the
registration application, the documentation should include:

* Batch identity, strength, and size

 Date of manufacture

e Site of manufacture

* Manufacturing process

* Immediate container closure

» Degradation product content, individual and total

- * Use of batch (e.g., clinical studies, stability studies)
Qike lehitwe &8\ VR, Reference to analytical procedure used

pluses> acopye > ;r%%tsgtnumber of the drug substance used in the new drug

» Storage conditions for stability studies

\ ¥
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Listing of impurities in specifications

The new drug product specification should include,

where applicable, the following list of degradation
products:

* Each specified identified degradation product
* Each specified unidentified degradation product

* Any unspecified degradation product with an
acceptance criterion of not more than (<) the
identification threshold

» Total degradation products.

- 5ol L gupusure amw &)

i o A5
Ry o _},\59 @
b spe <hd speatiel
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IMPURITIES: GUIDELINE
FOR RESIDUAL SOLVENTS
Q3C(R6)
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INTRODUCTION

. Residl_JaI solvents in pharmaceuticals are defined hereas tslegles Vo) 4 LY
organic golatile)chemicals that are used or produced in = 4y, ¢ 24 diua plodu
the manufacture of drug substances or excipients, orin_ . 31D 3 (a0 516
the preparation of drug products. S

A | a CL—PI’:U
* Appropriate selection of the solvent for the synthesis of . .
i drug substance may: 2rbiady otk )| e 1ot
exl—{‘udﬂo&\ oAy +AB. enhance the yield, or oukFaduid) Gz 23008
- > determine characteristics such as crystal form, purity, and
CF/W"“C-”’ qfu“;:‘g‘): Y7 solubility.
2
po\y wophe .+ * Therefore, the solvent may sometimes be a critical
5 weke 3 ir;’;f parameter in the synthetic process. G Lkt 6 \Laib Ga grVp o 53 C»L',g
‘ - N XN e \ * The ICH guideline does not address: i
owe (P S * solvents deliberately used as excipients (vehicles) =5 aleon\ ) 105 i Go

* solvates

—— k5wl with wdeodt of Seued D5 | 0 s 4o
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L T SlIVALES oy C(!}S\‘Cb‘ “_;lH,\ W\O\C’C}Jt OE‘ SD)U&J'_) & Y )ﬁ \P"’D dD—’—@

INTRODUCTION

Severty V= ~ean « Drug products should contain no higher levels of residual
m;{&y” solvents than can be supported by safety data.

Some solvents that are known to cause
in the

. o st unacceptable toxicities should be avoided
V@ >0 splvedll v production of drug substances, excipients, or drug
so\vell 5 O fug S‘bj‘mcfproducts unless their use can be strongly justified in a @ied U1 sl
Blady produd 2 2 risk-benefit assessment.=> b Syuthisls Jiqis dus g2 ém‘}.j‘p:q}l %0

A . pleduck)) \.f__)_s?_ﬁ'o
ar s Gl @t +((Class 2))Some solvents associated with less severe
stV toxicity should be limited in order to protéct patients

I C‘)-‘l_p = '
(A2 from potential adverse effects. = it o1 AF ) Slo gplrokes Jeo| 3
. Ve Cat
-deally, less toxic solvents should be used where

practical.

s J
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SCOPE OF THE GUIDELINE

* Residual solvents in drug substances, excipients, and in
drug products are within the scope of this guideline.

¢ olvate , veele ) G o

* It is only necessary to test for solvents that are used or
produced in the manufacture or purification of drug
substances, excipients, or drug product.

v oClure pulfites)ow lasu P cLa ste Loy
_ 5
solveh) gy tesy 02 \gwlel G Syuthsis I s
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(3 S50 Letacedl s SCOPE OF THE GUIDELINE
DY erepiud) . A _élmtlllatire method may be used to calculate the
. wwe=>) &) F€sldual solvent levels in the drug product from the
S,DW&J U‘.’“f‘j: e levels in the i ' used to produce the drug
O ou) 522 5H

product. @w, excipient B, C, D, etc)
(e 3 wal sovedsue =< BIf the calculation results in a level e o _or below

im D that recommended in this guideline = no testing of the
Q) g NO testing
) wwd ‘1;\:11 ;o(adf d_drug product for residual solvents need be considered.
‘D

»>If, however, the calculated level is above, the
recommended level - the drug product should be
tested to ascertain whether the formulation process
has reduced the relevant solvent level to within the
acceptable amount. U 2SS Ploductl (o) &

_* Drug product should also be tested if a solvent is used
during its manufacture.

1
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SCOPE OF THE GUIDELINE

* The guideline applies to all dosage forms and routes of
administration. Pl , oS 1o :
J1 LSt Lg’\.d-‘-’ V—%@‘a
* Higher levels of residual solvents may be acceptable in A1 TL 28dued Solienk

certain cases such as therapies for short term (30 days ALK 15\ @) Colls
or less) or topical application. 1 Aw) @_eyﬁn_ezuj

* Justification for these levels should be made on a case by Jopical
_case basis. (as) W .0 a3\ Yopicd T MG & &
_J‘gu_ﬁ\_rq:rﬁ oL ‘—"_3} 14%) Qo ZU2 alvedd Dl
\»-A.LL-W
i 0572 fesedival Solvad-¢& 27} 3

_j) d‘ Lr‘f f)—3
Sng 3 \p des Ploduck i e
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a3

Options for Describing Limits of Class 2 Solvents

(Class 2) Some solvents associated with dess severe)toxicity
should be limited in order to protect patients from potential

adverse effects.eccoue ) (203 w Clas! Uoesd) 2P

pm stated in Table 2 (ICH

« The concentration limits in p

guidelines Q3C) can be used. They were calculated usi
equation (1) below by assuming a product mass of(10§

™ ¢ PDE
Concentration (ppm) ;@‘?X (1)
se
. s & J-

CrLdycsie Piduat stib aedud

. Here/ Permissible Daily Exposure (PDE)_(is given in terms of
mg/daya ose is given in g/day.
<_.'a
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3\ | |MITS OF RESIDUAL SOLVENTS: Class 2

Part of Table 2 (ICH Q3C),

10 gm daily
Concentration (ppm) =

dose

es;&d‘w‘“ )} TABLE 2. Class 2 solvents in pharmaceutical products.

>

1000 x PDE

) ALs B 40850 ©
J—/:j w')\ Q\}L}-ﬁﬁ Acetonitrile

Ly o3V e

" e \2 gz (Ras &

[ I P

Solvent PDE (mg/day) Concentration limit
{ppn)
4.1 410
Chlorobenzene 3.6 360
Chloroform 0.6 60
Cumene! 0.7 70
Cyclohexane 38.8 3880
1,2-Dichloroethene 18.7 1870
Dichloromethane 6.0 600
1,2-Dimethoxyethane 1.0 100
N,N-Dimethylacetamide 10.9 1090
N,N-Dimethylformamide 8.8 880
1,4-Dioxane 3.8 380

(1)
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Option} for Describing Limits of Class 2 Solvents

Option 1
Mn_; e U@I‘MAM@

* These limits are considered acceptable for all substances, W 5 2,0ue 24 i)
excipients, or products. = T2 spped

* Therefore this option may be applied if the daily dose is
not known or fixed.

\ J v s
* If all excipients and drug substances in a formulation = emp‘:i" w\iiﬁ 2
meet the limits given in Option 1, then these 9™ e :

, » ettt Nl R P
components may be used in any proportiorg_. G\ st \_\/85;@\:;%;1;% sl
* No further calculation is necessary provided the daily

dose does not exceed 10 g. 5 Dy Lassihe Cud| P54 2

* Products that are administered in doses greater than 10
g per day should be considered under Option 2.

3¢
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less Jopish
Options for Describing Limits of Class 2|Solvents

OpﬁonZJ

* Itis not considered necessary for each component of the
drug product to comply with the limits given in Option 1.

* The PDE in terms of mg/day as stated in Table 2 can be
used with the known maximum daily dose and equation
(1) above to determine the concentration of residual
solvent allowed in drug product.

* Option 2 may be applied by adding the amounts of a
residual solvent present in each of the components of
the drug product.

* The sum of the amounts of solvent per day should be f

less than that given by the PDE.

37
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a7

Options for Describing Limits of Class 2 Solvents
Option 2: Example 1 (acetonitrile in a drug product.)

»The maximum administered daily mass of a drug product is

5.0 g.
vegedeued  <plued-
Component Amount in Acetonitrile content Daily exposure
formulation -
- Drug substance 0.3 gmﬂ“‘*’ Solved 800 ppm 0.24 mg 300 % 0.3 =0.2U4
- Excipient 1 09g 400 ppm 0.36mg o % 0.9 = 0.3p
<Excipient 2 38¢g 800 ppm 3.04mg 5pox 3-F = 3.pd
. Drug Product 50¢g 728 ppm 3.64 mg
@Mdah'ue_sz TABLE 2. Class 2 solvents in pharmnaceutical products. m" pa,sli&_ r
BDO j—%{)f 3"00 = ZDO O Selvenr FPDE (ug-day’? C‘anconru':t rz‘cjn dirnie PCLSS w i
Acetonitrile 4. 410 :jﬁ"* 2‘ U\O"‘ Pq-ss

L 3/
* Excipient 1 meets the Option 1 limit, but the drugsubstance,
excipient 2, and drug product do_not meet the Option 1 limit. aib Sfusy pRAudYf Ins-

* Nevertheless, the product meets the Option 2 limit of 4.1 mg iy HeE
per day and thus conforms to the recommendations in this = & Y

guideline. ) B&;p-o;uf{
(dfug ploduck ) _ Pogs & Olugy prod<ss shd Ae

: B!
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Options for Describing Limits of Class 2 Solvents
Option 2: Example 2 (acetonitrile in a drug product.)
»The maximum administered daily mass of a drug product is 5.0

B e

Component Amount in Acetonitrile content Daily exposure
formulation

Drug substance 03¢g 800 ppm 0.24 mg
Excipient 1 09¢g 2000 ppm 1.80 mg
Excipient 2 38¢g 800 ppm 3.04 mg
Drug Product 50¢g 1016 ppm 5.08 mg

TABLE 2. Class 2 solvents in pharmaceutical products.

Solventc PDEFE (ingrday) Concentration limit

(opi)

3 cetonitrile 4.1 ) 41
ad N\ 6»-&}\ wdA GNe The prodAuct meets neither the (ﬁfﬁm 1 nor the%ﬁﬁon 2 limit

W1® . The manufacturer could test the drug product to determine if
the formulation process reduced the level of acetonitrile (e.g..

drying step). 3

’-‘::___?_-—-
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Options for Describing Limits of Class 2 Solvents
Y Option aExample 2 (acetonitrile in a drug product.)

*If the level of acetonitrile was not reduced during ¥°< &L df;g\\_j
formulation to the allowed limit, then the manufacturer % ' dilji A D
of the drug product should take other steps to reduce )
the amount of acetonitrile in the drug product.

2 If all of these steps fail to reduce the level of residual

e Rao Sand MSOIVGH‘L in exceptional cases the manufacturer could
Vg3 provide a summary of efforts made to reduce the solvent

level to meet the guideline value, and provide a risk

benefit analysis to support allowing the product to be
utilised with residual solvent at a higher level.

Cogeduod S (5 9 Topuulaho)) A U Sl $p) 4
S~ cSo0 3 via 3 § Aste W sazgad;-
o auklority Ha) whedis 2 W & jﬁi

gpud) ot 2 G
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Analytical Procedures

« Residual solvents are typically determined using
chromatographic  techniques such as gas
Lblu—H 3 Ut"’- aX

chromatography. ac o psid
« Any harmonised procedures for determining levels of oSl 24 Lj
residual solvents as described in the pharmacopoeias - E‘j—'b b s 08 o

should be used, if feasible. \eis4)
« Otherwise, manufacturers would be free to select themm g, W_"@"
most appropriate validated analytical procedure for a |\ i, nd-\maﬁ(;g
particular application. *’:9;%‘)'}{@,1 :e}kine
5 lﬁm—}ﬁf‘"@% \E"‘O « If only Class 3 solvents are present, a nonspecific method > A% zy wlidatbed
solved] %“d“{"‘cﬁl“ﬁ such as loss on drying may be used. - 59&3;{\.\\,
- 1 R -y %‘
’3’5}’ qe.é—,? q’/” B & (Class 3) Ideally, less toxic solvents should be used where
37205 ! )9 gt practical. Aawo

\0%S o weidr i
Lwet‘gwr - veidnk | eumpoatete U DL
Z 1 now -5.93(1;,“ ¢ PG
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now xspﬂc_&\t. e [

Sice dil 8 et Reporting levels of residual solvents

w\ (SW Lo
ploduck s, exep
MW P aSyes

- harmaceutical manufacturer:
ied OF cunerly SIS g

The following statements are given as acceptable
Mexamples of the information that could be provided from a
supplier of excipients or drug substances to a

? & s i S | * Only Class 3 solvents are likely to be present: Loss on e 2ae @:ﬁg‘ Uyt
@ﬁﬁ?—z ¢ dryingisless than 0.5%.=>  (wen speatic YoV ae 1nS> ) ds bl ) soveld
[/V'\Cm O i -

Qw2~ « Only Class 2 solvents X, Y, ... are likely to be present: All y qx5.. s aiene

— . are below the Opti limit. (Here the supplier would
194 3 T\ EﬁfémeiC name the Class 2 solvent\’represented by X, Y, ...)
a5 ) A
* Only Class 2 soﬁﬁan’ts X, Y, ... and Class 3 solvents are

wot Yoxiclikely to be present: Residual Class 2 solvents are below
the Option 1 limit and residual Class 3 solvents are below

0.5%. Lo 2o ooz Y\ b

2

A
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3

Reporting levels of residual solvents
« If Class 1 solvents are likely to be present, they should be

i identified and quantified.

A e E W {,SA?EI'.' Likely to be present” refers to the solvent used in the
wamwfoctuvd)) Sensbs final manufacturing step and to solvents that are used in
earlier manufacturing steps and not removed

18y Bl B gLl : n
o - ]}\ Fﬁf\\ consistently by a validated process.
' : aligf solvents of Class 2 or Class 3 are present at greater

Ca *250" bed ) v
o : 2J%M;\;;|:than their Option 1 ljmits or %, respectively, they=
should be identifiedand quantified.

~
G PARCT \osS ow Ofy \’Q’l

Ckemfo.l gfudufe
s A
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LIMITS OF RESIDUAL SOLVENTS: Class 1
* Solvents in Class 1 should not be employed in the manufacture
of firug substances, excipients, and drug products because of
their unacceptable toxicity or their deleterious environmental
effect. > emvivoumen 3ol humon Jistesle
* However, if their use is unavoidable in order to produce a drugc’g\“’,ugjéﬁu et
product with a significant therapeutic advance, then their levels f’g“"ﬁ’ o ‘5",“."
should be restricted as shown in Table 1, unless otherwise 4 ’s Vi 19 &sed)

justified. A\ \apll 5 LA
TA]?LE 1. Class 1 solvents in pharmaceutical products (solvents that should be Z\h';] S "’5{'—9 ‘t{
avoided). Cé“h )_9(5"(5(} - 2'
~ \o» Solvent Concentration limit Concern ' 1
1.4 Gopm) dsud!
Benzene G-w-&&c‘:c 2 Carcinogen
Carbon tetrachloride 4 Toxic and environmental
hazard
1,2-Dichlorcethane 5 _Toxic
1,1-Dichloroethene 8 _Toxie—
1,1,1-Trichloroethane 1500 En\;i,u.amw_'y_{g_l}_lgfi 45
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LIMITS OF RESIDUAL SOLVENTS: Class 3

* Class 3 (Table 3, Q3C) includes no solvent known as a

human health hazard at levels normally accepted in

pharmaceuticals.® GMP & Wwir U8 Aas20 Yoricdy o

Jodarsy oy Mo U2l However, there are no long-term toxicity or

Moo Ay o Sud ﬂwﬂ‘wm carcinogenicity studies for many of the solvents in Class 3.
Ol ) S arduic

‘JL’\\SLL\..'\UJ Vi

» Le
;w dw ‘Available data indicate that they are less toxic in acute or = ; il
Sedhy I\ short-term studies and negative in genotoxicity studies. Velg e f e

. . . N3y 3L
* It is considered that amounts of these residual solvents of ¢

50 mg per day or less (corresponding to 5000 ppm or

0.5% under Option 1) would be acceptable without
justification.

« Higher amounts may also be acceptable provided they are
realistic in relation to manufacturing capability and good
manufacturing practice. V! ZpA|LledU= CLle J S 15

Jidh See 215 d] GOl @
du.S"l‘Q jcakiow i

Y

URATEN == =
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g |
.,\@_» R TAB!‘E 3. Class 3 solvents which should be limited by GMP or other quality based

requirements. —
Acetic acid Heptane

Acetone Isobutyl acetate
i &  Teopropsaceta
1-Butanol “___ Methyl acetate
2-Butanol 3-Methyl 1 butanol
Butyl acetate Methylethyl ketone
tert-Butylmethyl ether 2-Methyl-1-propanol
Dimethyl sulfoxide Pentane

&\.‘% Ethano 1-Pentanol

Ethyl acetate 1-Propanol

Ethyl ether 2-Propanol

Ethyl formate Propyl acetate
Formic acid Triethylamine$

&7
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GUIDELINE FOR
ELEMENTAL IMPURITIES

Q3D
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Introduction

Elemental impurities in drug products may arise from

several sources: > G Y
* they may be residual catalysts that were added
intentionally in synthesis . ) , .
Y : o Maslall o te ) st Loy 3

e may be present as impurities (e.g., through ~ = Cakea\y st

D, (O GA G500 interactions with processing equipment or

a "~ o, container/closure systems LD
NS s adl Y e . :
schale ah, * being present in compenents of the drug product.
{ uﬁ Of‘ebdq:feu.l-

49
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Safety assessment of potential
elemental impurities

* Elements evaluated in Q3D guideline were assessed
by reviewing:

Sk kh P{LP\'\‘CQ};L\A:SJL&S?U * the publicly available data contained in scientific

= e,lll ME-J’ :_“ LR journals,

* government research reports and studies;f)a“!"—"’c'-g\ C1ied) \lag Cﬂ" s

* international regulatory Guideline for Elemental @Lﬂl\ s 61,3131)
Impurities standards (applicable to drug products) and

guidance, and . S e es!
* regulatory authority research and assessment reports. 24 Qs s ol

* The available information was reviewed to establish 2
the oral, parenteral and inhalation PDEs.

Yo
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R E X3 ' W

ELEMENT CLASSIFICATION

o
Vedy vefy doxic ni\26 7 Class 1} The elements, As, Cd, Hg, and Pb(lead), are

uman toxicants that have limited or no use in the
manufacture of pharmaceuticals.

opplich $) A, d e AN Elements in this class are generally considered
as route-dependent human toxicants.

* Class 2A elements have relatively high probability
of occurrence in the drug product.

* The class 2A elements are: Co, Niand L

« Class 2B elements have a reduced probability of
r""-_-_‘__.-’ ¥
occurrence in the drug product

« The elemental impurities in class 2B include: Ag,
_Au, Ir(iridium), Q_s{osmlum), Pd, Pt, Rh, Ry, Se : —and

T Calady St é’l ”
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ELEMENT CLASSIFICATION
; The elements in this class have relatively low

toxicities by the oral route of administration (high
L > 2o el 4>2 PDEs, generally > 500 pg/day) but may require

L consideration in the risk assessment for inhalation and =~ - .. DY e 4=l
el parenteral routes, Mwbalitiea) Ul Rifst puss offeal s Ofed I £ ee®10)

Lo Systand po) puded
* The elements in this class include: Ba, Cr, Cu, Li, Mo,

Sb(antimony), and Sn(tin). _J~eo

s = s * Other elements: Some elemental impurities for which
Yol Goalas 20 ¢ PDEs have not been established due to their low

aJ259 Yoridyal U B¢ inherent  toxicity and/or differences in regional
> regulations are not addressed in this guideline.

*Some of the elements considered include: Al,.
_Eﬂpron), Ca, Fe, K, Mg, Mn, Na, W(tungsten) and Zn.
——— e m_— e ==
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r.'/aiff

Potential Sources of Elemental
Impurities

* Residual impurities resulting from elements

Gois) lepw intentionally added (e.g., catalysts) in the formation of
: 3 0 Lo} the drug substance, excipients or other drug product

@57 components.
~ * Elemental impurities that are_not intentionally added
B0 £ and are potentially present in the drug substance,
Ap> 572 or excipients used in the preparation of the drug
product.

« Elemental impurities that are potentially introduced

.2y LS HS M into the drug substance and/or drug product from
c &0 &\}J - Mﬁ . .
asd AP 3 Wmanufacturmg equipment.
| £ : - Elemental impurities that have the potential to be
g leached into the drug substance and drug product

from container closure systems.
5 Pl mighion Ly)I e 53
Aot D cspir 2 M V!
1 - ’ : |:U\ an‘:u ;d -
paduc Ao Baaj Oesp W

Potential Sources of Elemental
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Potential Sources of Elemental
Impurities

Drug
Substance

Manufacturing
equipment *

Elemental
_| impurities
indrug
Product

[ Water ™~ I Container Excipients ]
Closure

C...r"““”}( ’ . System
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CONTROL OF ELEMENTAL IMPURITIES

* Control of elemental impurities is one part of the
overall control strategy for a drug product that assures
that elemental impurities do not exceed the PDEs.

* The principles are similar to those described in ICH
Q3C: Residual Solvents

55
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wCONTROL OF

Table A.2.1; Permitted Daily

ELEMENTAL IMPURITIES

Exposures for Elemental Impurities’ Part of Table A.2.1
Element | Class’ Oral PDE Parenteral PDE, Inhalation PDE,
pg/day pg/day pg/day

Cd 1 5 2 2

Pb 1 5 5 5

As 1 15 15 2

Hg 1 30 3 1

Co 2A 50 5 3

v 2A 100 10 1

Ni 2A 200 20 5

Tl 2B 8 8 8

Au 2B 100 100 1

Pd 2B 100 10 1

Ir 2B 100 10 1

Os 2B 100 10 |

Rh 2B 100 10 1

Ru 2B 100 10 1

Se 2B 150 80 130

Ag 2B 150 10 7
Pt 2B 100 10 1

Li 3 550 250 25

Sb 3 1200 90 20

Ba 3 1400 700 500

Mo 3 3000 1500 56

,,k_-;.ﬂ)
\92:, ’B}L«.o Ao ) w\r\d—‘“}'w‘/ Paf‘e,q}(a.l

CamScanner = Ligs d>gwaall


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

£4¢

Converting between PDEs and
concentration limits

e Option 1: Common permitted concentration limits
of elements across drug product components for
drug products with daily intakes of not more than
10 grams:

PDE(ug ! day)
daily amowunt of drug product(g/ day’)

Concentration(fg/ g) = (D
—

., »If all the components in a drug product do not
Shusy oduck £ 1 exceed the Option 1 concentrations for all target

\ \ 14 4o Z)€lements identified in the risk assessment, then all
(dnug 4 erep X+ )of these components may be used in any

o\ gse> BTN cL$2\ proportion in the drug product.
- 4-4; dm '}):-.\O A

b.\&\ 3 _ 57

CamScanner = Ligs d>guaall


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

| P

Y4

Converting between PDEs and

concentration li
» Table A.2.2: Permitted Concentrations

Elemental Impurities for Option 1

rnits

Element Class Oral Concentration Parenteral Inhalation
ng's Coucentration Concentration
ng/s ng/s
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co 2A 5 0.5 0.3
Vv 24 10 1 0.1
Ni 2A 20 0.5
Tl 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 25

-
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Converting between PDEs and
concentration limits
e Option 1: Example

Ptug rerepiet

Table A.4.1: Maximum Daily Intake of Components of the Drug Product

Component Daily Intake, g
Drug Substance 0.200
Microcrystalline Cellulose (MCC) 1.100
Lactose 0.450
Ca Phosphate 0.350
Crospovidone 0.265
Mg Stearate 0.035
Hydroxypropylmethyl Cellulose (HPMC) 0.060
Titanium Dioxide 0.025
Iron Oxade 0.015
Drug Product 2500

59
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Converting between PDEs and
concentration limits

f’“ w7) s cg&l:\ CJI * Option 1: Example

4.2: Permitted Concentrations from Table A.2.2 (assuming uniform concentrations and
10 grams daily intake)

Masximum Permitted Concentration (pg/g)
Component

Pb As cd Hg Pd v Ni
Drug Substance 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
Lactose 0.5 1.5 0.5 3 10 10 20
Ca Phosphate 0.5 1.5 0.5 3 10 10 20
Crospovidone 0.5 1.5 0.5 3 10 10 20
Mg Stearate 0.5 15 0.5 3 10 10 20
HPMC 0.5 15 0.5 3 10 10 20
Titanium Dioxide 0.5 1.5 0.5 3 10 10 20
Iron Oxide 0.5 p 0.5 3 10 10 20
Maximum Daily | ;o5 | 375 | 125 | 7.5 | 25 | 25 50
:l;:;.:k:_m)gl 5 15 5 30 100 100 200

SE—
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Converting between PDEs and
concentration limits

« Option 2a: Common permitted concentration
limits across drug product components for a drug
product with a specified daily intake:

61
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Converting between PDEs and

concentration limits

* Option 2b: Permitted co
in individual co

daily intake:

ncentration limits of elements
mponents of a product with a specified

* For each element identified as potentially present in the

components of the drug product, the maximum
\'CR\PYe) 2 25,25d) expected mass of the elemental impurity in the final

I drug product can be calculated by multiplying the mass
&S € O " of each component material times the permitted
a ,g,fé excP\ﬂJ’ concentration established by the applicant in each

' eA:vJ‘GEUj material and summing over all components in the drug
V0 Rl legred ! product({w‘:ﬂ‘)r Naad (& 3 Loes &) qas S Cru>]
VABR A culy ! s\ Lo 2, d ) U V)2 W esbp Guo)
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Converting between PDEs and

Cape 4., SONcentration limits

« Option 3: Finished Product Analysis:

" %%lg szf-} * The concentration of each element may be measured in
&o> (6\,;4 the final drug product. Equation 1 may be used with the

waay @l > maximum total daily dose of the drug product to
@E’)’" L Zapil calculate a maximum permitted concentration of the
}5 : . v
r\.«ry‘}" __elemental impurity.
‘-’ e & O\ slesle PEDI 8 Gua
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