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Guidance for Industry ERMIFTHAFT R 1)

Non-Penicillin Beta-Lactam Risk Assessment:
A CGMP Framework

FERZVVRB-TUZLIEEYMD)RITEAAV:
CGMP TO##H HAFURE

(1) : This guidance was developed by the Office of Compliance, Division of Manufacturing and Product Quality,
in the Center for Drug Evaluation and Research (CDER) at the Food and Drug Administration.
ZDOHAF 2 ADOVERIT, FDA (B ERKIT) OERLFEMAFZEE > & — (Center for Drug Evaluation
and Research : CDER) #flZd5(F 2 EHHISFES (Office of Compliance) W@, Higis J O fVE
#B (Division of Manufacturing and Product Quality) (2 XV HIEL7=HDTH 5,

This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA's) current thinking on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.

ZOUAZ U AF, TNDBRESNIGEIT, YHFHICET 2 RMEKMT (FDA) OBEDEZ %
RTSDTHD, ZOHA X AE, ANTH L THHERZAIELMN ST 2 60T, FDARSARE
EIZHERT 20 THARW, b LYUET A ¥ AOHH IN 2 ES PR OB 25737 7' n—Fn
bHROIE, FORBET L7 0 —FEHNDLZENTE L, BT 7 —FIZ oW TEELAEWZ W
BT, ZOHA o ZADFERMICETLE2 AT HFDAOH YR B ICHIE W 72 & 720, %244 H5FDADHY
MEZRETERWGEIE, ZOTA XL ADZA PAR=VICHEBEN TV L ESICEE L TVZE

I. INTRODUCTION (XU ®I2)

This guidance describes the importance of implementing appropriate steps during the
manufacturing process to prevent cross-contamination of finished pharmaceuticals and
active pharmaceutical ingredients (APIs) with non-penicillin beta-lactam antibiotics. This
guidance also provides information regarding the relative health risk of, and the potential
for, cross reactivity in the classes of sensitizing beta-lactams (penicillins and non-penicillin
beta-lactams). This guidance is intended to assist manufacturers in assessing whether
separate facilities should be used based on the relative health risk of cross-reactivity.

ZOHA R AT, RV R B-T 7 F LHUEWE OB (finished pharmaceuticals) 35
F OVFEEK (active pharmaceutical ingredients ; APls) D22 X5 % 5 < 7=z, fiEo 7 m & A

D (7L< Y 1)a—3 XM 2011 £ 3 BIRER)
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2, WUIRAT v TEATH ZEOEENEBRRTCND, ZOHA X 2 TE -, BIEEB-T 7
2 LPAEME (R=V ) VEBRIOIER=VY VBT 7 X L) OF 7 T AZET DR X ER
P (cross reactivity) (ZB9 2 FERIAOEERE Y 2 7 | B L OEI B AR XS HED FTREMEIZ DWW T D
WL E-EZD2bDTHD, YETA X v AL, ZXRISTED BE 3 25 Ftpofd s U 2~

(relative health risk) ZFE-3& BMEOMEE (separate facilities) % ffEH 3 2 X & EHOF
i 247 5 HEITHON T, BEREE O ZBIT 5 Z L2 AL LTS,

Drug cross-contamination is the contamination of one drug with one or more different
drugs. Penicillin can be a sensitizing agent that triggers a hypersensitive exaggerated
allergic immune response in some people. Accordingly, developing strategies to prevent
cross-contamination of other drugs with penicillin is a key element of manufacturing
penicillin. Non-penicillin beta lactam drugs may also be sensitizing agents, and
cross-contamination with non-penicillin beta lactam drugs can initiate drug-induced
hypersensitivity reactions, including anaphylaxis, an allergic reaction that may be a
life-threatening event. As with penicillin, a critical aspect of manufacturing non-penicillin
beta-lactam drugs is preventing cross-contamination to reduce the potential for
drug-induced, life-threatening allergic reactions.

Y DORXIERL, HHHWMN 1 O EORIOEBIZ L W ERENDZETHDH, =V v
X, HHEOAXITE N TIE, WEPERE T VL — g On GRIE - BB HREART)

(hypersensitive exaggerated allergic immune response) D 75|& 4 & 72 2 EMEME  (sensitizing
agent : fRIE MHEEAl LT 28ELHY) &b, LEERoT, X=v U v oAl & o
BB A B T D OFIFEIIE, N= ) v 2 8ET 2RO REEREHRTH D, =2
VBT LOEYEL ETEEEME L eV 250D THY, EN=T Y BT X LD
SR & DRGYL, FEMITFHFT S b ROE (drug-induced hypersensitivity reactions)
EHlIER T ZENTE D, ZHUTlE, 774 7% — (anaphylaxis) b&Ehn s, 777
4 TF V=L, EMEENTERICARLI DB INRWT LV —J5 (an allergic reaction that
may be a life-threatening event) ThH 25, R=T VU E[EERIC, FER=T Y U B-T 7 X LDIEY)
BHOREDOEERMUE L, EMIZ L > THFEINDEMEENT KO RT LV X—IGD ke
P2 S L7200, ZBXIGREZNISZETH D,

The information in this guidance is intended for manufacturers of finished pharmaceuticals
and APIs, including repackagers. Other establishments that handle drugs, such as
pharmacy compounders, may find this information useful. FDA's guidance documents,
including this guidance, do not establish legally enforceable responsibilities. Instead,
guidance documents 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 FDA guidance means that something is suggested or
recommended, but not required.
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ZOHA K ADERIT, ki) (finished pharmaceuticals) X O3 (APls) o flik
EHEMTEENE L TRY, HaE¥EE (repackagers) b EEN 5, HRORAIE GRIE
REEIEEEE IV O T, ROFREE)  (pharmacy compounders) &y 723884 B Y 5 o
Mgk A, ZOWERE LD Z LA BDTHAHI, ZOHA X A%E D, FDADITA X
AN, BRI ZFFOBRTEED D O TR, ZOX b DO TIHRWR, HA X
AEIE, HDFHEICOWTOFDADEKF R DOE X HH B XTNDHDTHY OT, HLEHIA
ThHELTDOR, ZNEHRDLIRETHD, 12770, FEDESER (regulatory or statutory
requirements) Z51/H L TV 256 1%, #EBEHEIE L 72 5720, FDAJ A % A1Z31F % Tshould
(~F2528) ) V) HEOHERIZ, MOLPOFEIZOWTORE, H5WVITHESE 2 Bk
HHDTH->T, ERTIERW,

Il. BACKGROUND (F%£)

D

Section 501(a)(2)(B) of the Federal Food, Drug, and Cosmetic Act (21 U.S.C.
351(a)(2)(B)) requires that, with few exceptions, all drugs be manufactured in compliance
with current good manufacturing practices (CGMPs). Drugs that are not in compliance
with CGMPs are considered to be adulterated. Furthermore, finished pharmaceuticals are
required to comply with the CGMP regulations at 21 CFR parts 210 and 211.

AR E R G E IR L RS 75 (Federal Food, Drug, and Cosmetic Act; FD&C Act) (21 U.S.C.
351(a)(2)(B)) P Section 501(a)(2)(B)iZ. oS A FRE, 2 TOERS (drugs) X, ForE
RELEFEHEH (current good manufacturing practices ; CGMPs) #JIE~F L CHliGE+ 2 Z L 25
RKLTWD, FIZ, HEHRA (finished pharmaceuticals) 1%, 21 CFR parts 210 and 211Dk HI %
IESF3 5 Z EBRERS TN D,

Several CGMP regulations directly address facility and equipment controls and cleaning.
For example, § 211.42(c) requires building and facility controls in general to prevent cross
contamination of drug products. Specifically, the regulation states, “[t]here shall be
separate or defined areas or such other control systems for the firm’s operations as are
necessary to prevent contamination or mix-ups” during manufacturing, processing,
packaging, storage, and holding processes.

EONMOCCMPHANE, &lFdH L UOEIROBEELL 7V —= 71T, E#EMIZE L LTS, fi
Z X, §211.42(c)ix. EFAL (drug products) DA FEY#LI<T-dIc, —iGme LT, &WE
KO OEHIZE K LTS, FrZ, HazHANT, #& (manufacturing) . L (processing) .

% (packaging) . PR (storage) 55 OMRFFTFE (holding processes) HiZ. “VGYed 5 %
HERFZHTEOICKELRD L7, YZEEOIERICEAL T oS, E721X0M
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\ZHUE S L7z X3k (separate or defined areas) | . &5 WIIMDOEH L X T A& FFOZ L7 &b
TN D,

With respect to penicillin, 8§ 211.42(d) requires that “[o]perations relating to the
manufacture, processing, and packing of penicillin shall be performed in facilities separate
from those used for other drug products for human use.” However, FDA has clarified that
separate buildings may not be necessary, provided that the section of the manufacturing
facility dedicated to manufacturing penicillin is structurally isolated (i.e., completely and
comprehensively separated) from the areas of the facility in which non-penicillin products
are manufactured (#:2) .Under § 211.46(d), manufacturers must completely separate air
handling systems for penicillin from those used for other drugs for human use. Similarly, 8§
211.176 requires manufacturers to test non-penicillin drug products for penicillin where the
possibility of exposure to cross contamination exists, and prohibits manufacturers from
marketing such products if detectable levels of penicillin are found (#3) .

NR=T U AL T, §211.42(d) 23, “N=T U ol T L OwEE, hoe M
EERBICERT DO SN-jis% (facilities) 2B WTITH Z &7 #ERL TV D,

LU b, FDAIL, =3 U ofGEICHE A ORGSR 23, =21 CHRHI 2 5GE LT
W D Jitiask D K  HAEIERIZ 0B L T D7 bIiE (T7b b, EAIL, M OufEMIC s s
TW5) | BEL7-24 (separate buildings) 1, MERWTHAH Z L xHAMIZLTWD
2) . §211.46(d)iL. BLEHEN, L=V U HDZEM 27 2 (air handling systems) % E b
MOMDEIGIET T 2000, BRICHNZTNE Z L2l ~TWD, [, §211.176
I3, RXIGRICER SN D AR S 255101, FEX= U VERMT, X=v T o0
TORBEAETHZE, BLO, L LBEHLESZ L= UREO L GRE) 726
X, WEERITEO LSRG EZ TSN OHRT 2 2 L4 BEERICER L TWD (#3) .

E2):
published in the FEDERAL REGISTER of September 29, 1978 (43 FR 45014 at 45038).
({*E3):

Preamble to the final rule, “Current Good Manufacturing Practice, Processing, Packing, or Holding,”

See “A Review of Procedures for the Detection of Residual Penicillins in Drugs” (Appendix I, Procedures for

Detecting and Measuring Penicillin Contamination in Drugs, FDA By-Lines No. 8 (November 1977)), available
at http://www.fda.gov/downloads/AboutFDA/CentersOfficess: CODER/UCM095812.pdf.

(GR#E) - “detectable levels of penicillin are found”“: SVISRIUL, RO THD, —RITIE, FHOIHT
EERNT RHLV~VET] Eanb&TH5H, LL, SETERT 250 TH Y, o4
BN ) T =2 a yBVDIATI D IR ® 5,

§ 2111761 HET 2 T D= 9121, FDADFRD 5 DHHENKSNFETDH L H TH D,

Although FDA has not issued CGMP regulations specific to APIs, the Agency has
provided guidance to APl manufacturers in the guidance for industry, ICH (#:4) Q7, Good

(Z7L=-v)a—2a v 2011 £ 3 AR
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Manufacturing Practice Guidance for Active Pharmaceutical Ingredients (ICH Q7
guidance) (# 5) . Because some APIs are sensitizing compounds that may cause
anaphylactic shock, preventing cross contamination in APIs is as important as preventing
cross-contamination in finished products. The ICH Q7 guidance recommends using
dedicated production areas, which can include facilities, air handling equipment, and/or
processing equipment, in the production of highly sensitizing materials, such as penicillins
and cephalosporins (&6) .

FDAIX, JF3E (APIs) IZHFE L7z (Z0Z LIZBT %) CGMPZE £72440 L TWARWA, 4/E
(FDA) 1%, ¥ERMFATA X AL LT, ICH (#4) Q7DQ7, Good Manufacturing Practice
Guidance for Active Pharmaceutical Ingredients (ICH Q7 guidance) %, JF#REEREE (25425 H A
FoALLTEHEZTWD (#5) » HOMEOIFHIT, 7T 74 T7F>— - vavyZORKNLER
D03 IR WEIEH LA CTh 5, JRERITIUT 2 A8 XIH YL A 08T 2 2 & 1%, Fer& 8474 (finished
products) (28T R XEREBSTEDICEETH D, ICH QTOTA K74 0%, HHORE
X3k (dedicated production areas) ZfEf4 5 Z L &L TEHY ., ZhiZix, X=v U ¥
(penicillins) BX Ot ~7 71 AR Y ¥ (cephalosporins) Ok 72 i FE WA EME 2 > W' o il
ECBIT D, fEa% (facilities) . ZZ3i&es (air handling equipment) . B L/ E/ix7a k2
Fik%es (processing equipment) A& E D (E6) .
(FE4): International Conference on Harmonization.

(E5): We update guidance documents periodically. To make sure you have the most recent version of a guidance,

check the Guidance Page at

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm.

(H6): See section IV.D Containment (4.4) of the ICH Q7 guidance.

Beta-lactam antibiotics share a basic chemical structure that includes a three-carbon, one
nitrogen cyclic amine structure known as the beta-lactam ring. The side chain associated
with the beta-lactam ring is a variable group attached to the core structure by a peptide
bond. The side chain variability contributes to antibacterial activity.

B-T 7 X LPUEWEIL, B-7 7 ¥ LEg (beta-lactamring) & L CHILINLDERIRT I U4 (3
DORFIRF &, 1 DOERFT52FD) 2FULEANMEFMEEL AL TND B . B-
77 Z LERICHBET DI, 7T FEEA (peptide bond) 12 X Y FAHEE (core structure)
IZHEB L TR R N—T % 0E> T\ 5, MIBHOEEMIL, FIEEIEICEE LTV,

R 2N SIZET A EHRIE. June 29, 2009 (2, RDPNE T FDA @ HP [2Hgi S =k oS0

BRIz, Guidance for Industry: Questions and Answers on Current Good

Manufacturing Practices (cGMP) for Drugs (Level 2 guidance on Penicillin Drugs)

BB, ARLI 77~ VY a—arDh—o—2 (TR HOAFEAETH S,

(Z7I=-vYa—a A 2011 £ 3 A{RER)
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http://www.ph-s.com/technology/pdf/tech20100223 6.pdf

As of the date of this publication, FDA has approved over 34 beta-lactam compounds as
active ingredients in drugs for human use (3 7) . Beta-lactam antibiotics include the
following five classes:

TDOHAX L AEATILT-EE Tl FDAIZ, b NHEKMLOFEER S & LT, 34D -7 7
X IEEME KB LTS BET) , B-T7 X LHAEWEIL, LTOWEY, 5507 7 A%,
FLTWa,

* penicillins (e.g., ampicillin, oxacillin)
N=v U BRE TrEv )y, AFRHv U Y)
» cephalosporins (e.g., cephalexin, cefaclor)
t7ryraARY Yy WX B LvFRT, BT RmL)
* penems (e.g., imipenem, meropenem)
NRRLE BIZIE, A INRL AL
» carbacephems (e.g., loracarbef)
AN 7 2D BIZE v T HR7)
» monobactams (e.g., aztreonam) (:8)
BN ENE BT, TAMVAT L) (ES)

The penicillins, cephalosporins, penems, and carbacephems share a characteristic bicyclic
core structure, which is believed to initiate allergic reactions. The monobactam aztreonam
has a unique monocyclic beta-lactam nucleus and rarely cross-reacts with penicillins and
cephalosporins (i 9) . Aztreonam and ceftazidime have a common side chain, and
cross-reactivity between aztreonam and ceftazidime has been reported (3:10) .

NR=V UV, B 7 7 AR Y U, R, BRI AR AL, B ZEOR
Woar7 thbHEzALTEBY, ZRORT LAF—MESE2EISELEE2HN TN,
E)NRITTADOT AN A LT, MR —EDB-¥ 7 X LR TEY, s, =2
VHEBLOR Ty AR VEHERNIGERE T ##9) o TARMNLATALETHXTUTA
X, EOMEEAZFF - TWT, TAMLAT AL T XUV ABORISMENHRE ST
% (H10) o

(FET): Approved beta-lactam antibiotics are listed in FDA’s Approved Drug Products with Therapeutic Equivalence

(HE8) :

[ )

Evaluations, generally known as the Orange Book (available on the Internet at

http://www.accessdata.fda.gov/scripts/cder/ob/default.cfm). The Orange Book is searchable by active ingredient

and updated as newer drug products are added.
Yao, JDC, and RC Moellering, Jr., Antibacterial agents, in Manual of Clinical Microbiology, 9th edition, edited

(Z7L=-v)a—2a v 2011 £ 3 AR
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by PR Murray et al., Washington D.C., ASM Press, 2007.

(FE9): American Academy of Allergy, Asthma, and Immunology, 1999, Disease management of drug hypersensitivity:
a practice parameter, Ann Allergy Asthma Immunol, 83(supp): S665-S700.

(H10) : Perez Pimiento, A, M Gomez Martinez, A Minguez Mena, A Trampal Gonzalez, S de Paz Arranz, and M
Rodriguez Mosquera, 1998, Aztreonam and ceftazidime: evidence of in vivo cross-allergenicity, Allergy, 53:624-

-625.

Beta-lactam antibiotics inhibit bacterial cell wall synthesis. Many bacteria produce beta-
lactamases, which are enzymes that degrade and inactivate beta-lactam antibiotics.
Beta-lactam compounds such as clavulanic acid, tazobactam, and sulbactam have weak
antibacterial activity but are irreversible inhibitors of many beta-lactamases; they are used
in combination with specific beta-lactam agents to preserve antibacterial activity.

B-7 7 % LHUEWEE, MIEMIEED G K ZIHT 5, < OMEIE, B-7 7 % ~—T (beta-
lactamases) ZpEAE L, ZOFERIXB-T 7 ¥ LHUEMEZ S L CRERT D, 797 7
(clavulanic acid) , %> /37 % 2 (tazobactam) 3 X NA/L 37 Z A (sulbactam) DX 572 B -
77 Z MEEMITTHNEEZ A L TN %< D B-T 7 F~—BITkT 5 AR E A
(irreversible inhibitors) T %, : ZNHDILEMIE. B-T 7 Z LH LHAGDOET, HLEETE
PWERFET D7D Tn D

Allergic reactions associated with penicillins and non-penicillin beta-lactam antibiotics
range from rashes to life-threatening anaphylaxis. Immunoglobulin E (IgE) antibodies
mediate the immediate hypersensitivity reactions that are responsible for the symptoms of
hay fever, asthma, hives, and anaphylactic shock. IgE-mediated hypersensitivity reactions
are of primary concern because they may be associated with significant morbidity and
mortality. There is evidence that patients with a history of hypersensitivity to penicillin
may also experience IgE-mediated reactions to cephalosporins and penems (#:11) .
Cross-reactivity (cross-sensitivity) between beta-lactam products has been and continues to
be a major concern in the manufacture of drugs.

RV VEBLOIESR=V ) U B-T 7 X AFUAEWE EBET LT LAV -G, B
(rashes) 726, M D77 1 7% — (life-threatening anaphylaxis) F CTo, JAV il
PRICDIe>TWD, ffEru7 Y E (IgE) fuikid, RIRFRLY oL —i@ SO (immediate
hypersensitivity reactions) @MJLLJ% %, ZORKRT L —iE SO E, AERE (hay fever) |
A%< (asthma) . CARRE (hives) . BL T F7 4 7% —+ 3 3 v 7 (anaphylactic shock)
B 575, IgEDA fﬁ‘é B s (IgE-mediated hypersensitivity reactions) (%, K& 728 &
MEENTND, LWVWHDIE, ZRHEFEE (morbidity) 8 KO (mortality) DK
<EbLDIMLE LN SETH D, =3 o1 2zt (hypersensitivity) 95 & FF
DEFN, BET7 7 a AR VB LUK AHEICKTT S IgE MTERIE (IgE-mediated reactions)

S (Z7LT-YYa—3 XM 2011 £ 3 BRR)
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bEL, BRERT 5000 LW EOFHLA R OND (#11) » B-T 7 Z LU OR OIS
(cross-reactivity ; cross-sensitivity) (%, EZHMLOBIEIZBIT 2 FERIFEEFHTHY, 1245
BbThDR THA D,

All non-penicillin beta-lactam antibiotics also have the potential to sensitize individuals,
and subsequent exposure to penicillin may result in severe allergic reactions in some
patients. Although the frequency of hypersensitivity reactions due to cross-reactivity
between beta-lactam classes can be lower than the risk within a class (:12) , the hazard
posed is present (::13) and potentially life-threatening. The potential health hazard of
non-penicillin beta-lactam drugs is therefore similar to that of penicillins. Further
similarities between non-penicillin beta-lactam antibiotics and penicillins are as follows:

FER=T D B-T 7 X LPAEWMEOMNG £, b MEEIET D AREMEZ R o TR Y | EES
N2 &I, 2RI, "=V VBB NDL L. HOMOBHTEERT LLF—M
KIsxHELTUAhb Lk, B-F7 X507 5 ADMOR XK X 58 EAEK G
(hypersensitivity reactions) DOH#EE X, 7 7 ANTDOY 27 L VKW (#12) THAIMN, Th
\Z & DfaE (hazard) 23F(EL (F13) | EMICEDLIEE I AFFORRBERH H, =1
v B-T 7 B AEELOBENRERAEEL 22 =y ) VEOZAEFEEL TV 5,
=V B-T I X APUEWE ER=V ) VEHOM ORI, ROEY TH D,

« It is difficult to define the minimal dose below which allergic responses are unlikely to
occur in humans (314) .
7 Ly —k (allergic responses) A3k MIBWTE I HR2WTH A I /Mg GEU T 25
ETHZ LI, WEHTHD (#14)

 There is a lack of suitable animal or receptor testing models that are predictive of human
sensitivity (#15) .
t NOBIEEOTHZT D LD B H D 0L 7 ¥ — O sk BT T L R LT
o (E15) o

e The threshold dose at which allergenic response could occur is extremely low and
difficult to detect with current analytical methods (3:16) .
TUAX—EEE TS THA ) BIE (threshold dose) (35D TIK < . HAED T L TIE
BT 52 LITREETH D (E16)

(#11) : Saxon, A, DC Adelman, A Patel, R Hajdu, and GB Calandra, 1988, Imipenem cross-reactivity with penicillin
in humans, J Allergy Clin Immunol, 82:213-217; Saxon, A, GN Beall, AS Rohr, and DC Adelman, 1987,
Immediate hypersensitivity reactions to beta-lactam antibiotics, Ann Intern Med, 107(2):204-215; Prescott,

Jr., WA, DD DePestel, JJ Ellis, and RE Regal, 2004, Incidence of carbapenem-associated allergic-type

(Z7L=-v)a—2a v 2011 £ 3 AR
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reactions among patients with versus patients without a reported penicillin allergy, Clin Infect Dis,
38:1102-1107.

(#12) : Salkind, AR, PG Cuddy, and JW Foxworth, 2001, Is this patient allergic to penicillin? An evidence-based
analysis of the likelihood of penicillin allergy, JAMA, 285:2498-2505.

(#13) : Khan, D. and R Solensky , 2010, Drug Allergy, J Allergy Clin Immunol. 125(2): S131.

(#14) : Dayan, AD, 1993, Allergy to antimicrobial residues in food: assessment of the risk to man, Vet Microbiol,
35:213-226; Blanca, M, J Garcia, JM Vega, A Miranda, MJ Carmona et al., 1996, Anaphylaxis to penicillins
after non-therapeutic exposure: an immunological investigation, Clin Exp Allergy, 26:335-340.

(#15) : Olson, H, G Betton, D Robinson, K Thomas, A Monro et al., 2000, Concordance of the
toxicity of pharmaceuticals in humans and in animals, Regul Toxicol Pharmacol, 32:56-67.

(316) :Perez Pimiento, A, M Gomez Martinez, A Minguez Mena, A Trampal Gonzalez, S de Paz Arranz, and M
Rodriguez Mosquera, 1998, Aztreonam and ceftazidime: evidence of in vivo cross-allergenicity, Allergy,
53:624625; Shepard, GM, 1991, Allergy to B-lactam antibiotics, Immunol Allergy Clin North Am,
11(3):611-633.

Some Dbeta-lactam intermediate compounds and derivatives possess sensitization and
cross—reactivity properties. Beta-lactam chemical manufacturing processes including, but
not limited to, fermentation and synthesis may create beta-lactam intermediates or
derivatives with unknown health consequences. Therefore, the health risk of sensitization
and cross-reaction is difficult to predetermine for beta-lactam intermediates, and is not
always well-defined.

HHFED B-T 7 % LOHEA (intermediate compounds) 36 K OFEE (A (derivatives) 1%, J&fE

P (sensitization) & 22 XK (cross—reactivity properties) ZH LT\ %, B-T 7 ¥ LADLF:

MELE 7 1 23 BERAEB KOG RIEN G EN DD (ZRIETIZRESND O TIERWA) |
RINOEEFE~D%S (unknown health consequences) %5 -7 7 % LAHEHAD 5\ TikE K

ZAEUDNE L, 51T, EEME (sensitization) 38 KOS X UGE (cross-reaction) @

RV 271X, B-T7 X LAHRBEURIZOWTH LN LD ED D Z LIIR#ETHY ., LR - T,

VP LHHICHET D Z LN TERY,

Beta-lactam intermediate compounds are usually APl precursor materials that undergo
molecular change or purification before use in the manufacture of beta-lactam antibiotic
APIs. As a result of these changes, the intermediate compounds may develop antigenic
characteristics that can produce allergic reactions. For example, 6-aminopenicillanic acid
(6-APA) serves as the intermediate for the formation of all synthetic penicillins that are
formed by attaching various side chains. The structure of 6-APA includes unbroken
beta-lactam and thiazolidine rings. The beta-lactam ring is relatively unstable, and it
commonly breaks open. In the case of 6-APA, this breakage leads to the formation of a
penicilloyl moiety, which is also known as the major antigenic determinant of penicillin.
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This moiety is thought to be a common cause of penicillin urticarial reaction (#17) .
Degradation of 6-APA can also result in the formation of minor antigenic determinants,
including penicilloic acids, penaldic acid, and penicillamine. Anaphylactic reactions to
penicillins are usually due to IgE antibodies to minor determinants. Therefore, although
6-APA is not a true antibiotic, it still carries with it a potential to induce allergenicity.

B-7 7 % LAk (beta-lactam intermediate compounds) 13, i, JFEE O RIERYE (AP precursor
materials) Th o, bk, B-7 7 % 2HUAEWEORIEORLE AT 2RI, 2121

(molecular change) F7=1ZFE®L (purification) 21T b, T HDOE{LOFERLE LT, M
{EEWE, 7VAX—IGEAE LD EDOTE 5, FURMIFFE (antigenic characteristics) % 7§
T2 THAHH, #ilziE, 6-aminopenicillanic acid (6-APA)IX., £ TOAK_=2 U VEOIEAKL
DIZODOHPREAL LTI E bDTHY | a2 =) VHIFHEOMEHZ ST 5 Z &1
Lo TSN D, 6-APADKEIEIL, REARD B-T 7 Z LBRBLOFT VU P UVREGZATH
Do B-7 7 X ABRITHIIAZETHY , —KMICIFAAL TLE 9, 6-APAOHEIZIL, 2
DBAZIT penicilloyl moiety (FRE1BR) DK EZE D TH D, ZO penicilloyl moiety 13,
R=D ) o OFEERBURPESR (antigenic determinant) & L TH E-ONTND, = DAL
4y (moiety)  (GRik2zM) 1%, X=TU O LAMBKE (penicillin urticarial reaction) @3t
WTAFEKNTHLELTEZLNTWD (17) ., 6-APAD Sy fi# (degradation) 1L FE 7, T
PIRRERX DK ZLELDHDOTH Y, ZhIiZiX, penicilloic acids, penaldic acidis & Of
penicillamine "&£ 5, NX=T U AIXHTHT T 7 4 T X —IGIE, BE., v A 728
JRPREINZKTT 2 IgE FURIC L Db D TH D, HIZ, 6-APAIL, EOHUEME (true antibiotic)
TIXZRWA, ZAULEZT LS M (allergenicity) A 3553 2 rIREMED B 5,

(#17) : Middleton Principle of Allergy and Immunology: Principles and Practice, 2009 edition, chapter 68: Drug

Allergy, electronic book version, at the sentence above Figure 68.2.

(FR¥ET1) : penicilloyl moiety (& %\ MEEE A PR ES ; major determinant) (X, B-7 7 & LB & A4k
& 37’8 (endogenous proteins) & DIENSLAETL D HEDTH D, ZIUINTT U H LRI

& (hapten-protein complex) Tdh T, kbZ SN DN, LT LHE-T7 7 ¥ LHUEWE
(beta-lactam antibiotics) 7>& 42 U 2 &K DS FMEHF (immunogenic antigen) . & % VM

7 LoV —PEBUE (allergicantigen) Tid7e\vy, Hi# : http://anvita.info/wiki/Penicilloyl_Moiety

(GRIE2) : Moiety ({LFJ1EE), HFO—EE7-1%. HFDERER (functional group)

Derivatives are unintended by-products that occur during the manufacturing process (i.e.,
an impurity or degradant) which could have sensitizing properties. Similar to
intermediates, betalactam derivatives may also develop antigenic properties that can
produce allergic reactions.

FHEAIT, HAE LW RWEIEY (unintended by-products) T - T, ZhidfdigE TREF T

(Z7I=-vYa—a A 2011 £ 3 A{RER)
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ELDb0THY (FThbb, Rl (impurity)® 5 WEH LY (degradant) TH D) . b
IZIEAEME (sensitizing properties) A LT\ %, [FEIEEZ2H A (intermediates) & LT, -7 7
A AFHEERLE, TUAX—GEELD 2 O TE HHRE (antigenic properties) % 7
L//Cl/\ z)o

Beta-lactam antibiotics are similar to one another in many ways, but they may differ in
pharmacokinetics, antibacterial activity, and potential to cause serious allergic reactions.
Because allergy testing methods have not been well-validated (%18) , it is clinically
difficult to determine the occurrence and rate of cross-reactivity between beta-lactam
antibiotics in humans. Therefore, undiagnosed or underreported cases of cross-reactivity
likely exist. Some beta-lactam antibiotics have negligible potential for cross-reactivity with
beta-lactams of other classes, whereas other beta-lactam compounds may exhibit
sensitizing activity as derivatives before the incorporation of side chains that confer
antibacterial activity.

B-T 7 & LPUEME T, xR ERTBEWIZHRLELL TV 23, FEE)EE S (pharmacokinetics) .
Pt (antibacterial activity) 36 X OVEE 727 LV X —& (serious allergic reactions) D J5U[A &

ROLAREMEICEA L TiE, BR->TWETHA I, 7 LR —EORERITIEIL, RIZ53 1M
TN TV (3E18) O T, b MIBITD B-T 7 ¥ AHiAEWEMORZIEDFAE L Z DR
ERETH I EIE, BROICH#ECTH S, 510, ZBXIGOZKIAME DIEF] (undiagnosed
cases) 0. WA SN TWARUVMER] (underreported cases) 73, AL FELTWATHASH, H

LFED B-T 7 X LPUEWE L, o r T AD B-T 7 % DHEE DR IENED ATREME T L T
TOREIENEDTH LN, oD -7 7 % MMEEWIX, PLEIEMEE 5 2 225 A3 2 A
2, FEARE LTOBEERZRTTHA D,

(¥18) : Bernstein, IL, JT Li, DI Bernstein, et al., 2008, Allergy diagnostic testing: an updated practice
parameter, Ann Allergy Asthma Immunol, 100:S1-S148.

RECOMMENDATIONS  (#%%)

Because of the health risks associated with cross-reactivity (cross-sensitivity) of
beta-lactams, non-beta-lactam manufacturers should assess and establish stringent
controls (including appropriate facility design provisions assuring separation) to
prevent cross-contamination. Just as FDA considers the separation of production
facilities for penicillins to be current good manufacturing practice, FDA expects
manufacturers to treat sensitizing non-penicillin beta lactam-based products similarly.
Specifically, FDA recommends that manufacturers establish appropriate separation
and control systems designed to prevent the following types of cross contamination:

B-7 7 & LNEORX M (cross-reactivity, & 2 MEA SUEAENE ; cross-sensitivity) (Z4%
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HEFEY 27 D=z, FE-B- 77&A§<L¥%i RGBT DT, TN EE
& (assess) L. fikL b\*éxii (ZHUTITBE A PRAET D K 5 R U 22 fEsk 7 Y 1~ ORUE
LEEND) AT 5 L, FDAIL, Wfﬁ@{ﬁﬁ%ﬁﬁéﬁﬁmk LT, N=vU VBT
DWW TGS D HEE B 2 T\ D LRI, FDAIZRBEEZ 6T 5FFE~=2 U > B-
Z 7 Z LNZHS <A (sensitizing non-penicillin beta lactam-based products) & [RIERIZE D
P9 ZEEHFL TV D, KR, FDAIL, BUEREE DN, DITICRR D Z A T ORI B R4
B < &L D ICRREF ST ) 7 iR L OVE BT A7 A (appropriate separation and control
systems) ZHESLT H Z & AHELET S,

* Non-penicillin beta-lactam contamination in a non-beta-lactam product (e.g.,
cefaclor in aspirin)
HB-T7 7 HLBEFOIER= ) BT 7 HNER BIZIE, TAEY ok
77 7 uaj)

* Non-penicillin beta-lactam contamination in another non-penicillin beta-lactam
(e.g., cephalexin in imipenem)
bHIFN=T ) BT 7 ZLJ-AFIFTO, MOIFN=2Y BT 7 7 LIGY
WBIZIE, A I_FLFOET 7 LFIY)

As with penicillin, the section of a facility dedicated to manufacturing a sensitizing
non penicillin beta-lactam should be structurally isolated (i.e., completely and
comprehensively separated) from areas in the facility in which other products are
manufactured.

A=Y AR, BAEEDIER =2 v BT 7 & N BT 5 723D O B ik 0
i, OB 2 8E T D hEak O Xk b FEERIICHERES S (structurally isolated) = &
(T72bb, ERPOURENHHETHZ L) |

This control applies to each of the five classes of sensitizing beta-lactams; the area in
which any class of sensitizing beta-lactam is manufactured should be separated from
areas in which any other products are manufactured, including any other class of
sensitizing beta-lactam or any other non beta-lactam product.

ZOEHIIEAENER-T 7 Z LD E DD TADFZ LK L THEMIND, ; HD7 T
X@”WE@B 77 F K ERUET D KT, oG 2 RUET S K BT S 2 L.

AT, MDBAEIEB-T 7 Z L. HDWIIMMOIEB-T 7 & DB DD 7 T 2 D86
bUEIND,

Manufacturing that is restricted to a specific class of beta-lactam compound (e.g., the
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cephalosporin family of products) would generally not mandate separate facilities and
air handling systems, and could permit production campaigning and cleaning as
sufficient control.

HOLBEDB-T 7 ZMEEY WX, 7 7ru2RY oo—REoRG) (ICRE L
HiX, AT, BIOMIRPEHR LT D EBMEHIR LD TIE R, BOREHEE L
NG, F ¥ o= TORECIHELEIT) 2 ENRFINDI LD THA D,

(201143 A 18 H #3R)
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