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Tigecycline: The Next New Wonder Drug?
By Jaipriya Parkhani, Pharm.D.

Microbial resi stanceto current antibioticsisincreasingwhiletheprogressionof new
agentstofight thewar against bacteria infectionsisdecreasing.12 Oncerare, multi-drug
resistant organisms are now seen more and more frequently. Tigecycline (TygacilR) is
the first drug in a new generation of tetracyclines, the glycylcyclines, and the first
tetracycline derivative to be introduced in over 30 years.3 Initia research on the
glycylcyclineswasgartedintheearly 1990s. TigecyclinehasFDA approval (asof June
2005) for the treatment of complicated skin and skin structure infections and compli-
cated intra-abdominal infectionsin patients 18 yearsand older (see Tablel). Although
theclinical significanceisyet unknown, invitro datademonstratestigecycline activity
against a broad spectrum of bacteria, including multi-drug resistant organisms (see
Tablel). Thisarticle will review the pharmacology of tigecycline and summarize the
literature supporting its use for complicated infections, aswell as discussimplications
for itsuse and the clinical limits of this new “wonder drug.”

Table I: Spectrum of Tigecycline Activity

Organisms Listed by Indication

Comsgt)rlhccattuer(i ?nk;gcﬁgifk' n Complicated Intra-Abdominal Infections
B. fragilis B. fragilis E. faecalis (vancomycin
E. faecalis (vancomycin susceptible B. thetaiotaomicron susceptible isolates only)
isolates only) B. uniformis K. oxytoca
E. coli B. wulgatus K. pneumoniae
S aureus (MSSA and MRSA) C. freundii P. micros
S agalactiae C. perfringens S anginosus group
S. anginosus group E. cloacae
S pyogenes E. coli
Additional Organisms Showing In Vitro Susceptibility
A. baumannii E. gallinarum S epidermidis
B. distasonis L. monocytogenes (methicillin susceptible
B. ovatus M. abscessus and resistant isolates)
C. koseri M. chelonae S haemolyticus
E. aerogenes M. fortuitum S maltophilia
E. avium P. multocida S marcescens
E. casseliflavus Peptostreptococcus spp.
E. faecalis and E. faecium Prevotella spp.
(vancomycin susceptible and Por phyromonas spp.

resistant isolates)

Like other tetracyclines, tigecyclineinhibits bacteria protein trandation by binding
to the 30S ribosomal subunit and blocking entry of amino-acyl tRNA moleculesinto the
receptor (A) Site of the ribosome, thus preventing the integration of amino acids into
extending microbia peptide chains and thereby preventing bacterial growth. Thus,
tigecycline, like other tetracyclines, is considered a bacteriostatic agent. Tigecycline's
structureismodified from minocyclinewith aglycylamido moiety at the 9-position of the
D-ring. Thisstructural modification alowstigecyclineto overcomethetwo magjor forms
of bacterid resistanceto tetracyclines: active Tet (A-E, K) efflux pumps and ribosomal
protection such as that mediated by Tet (M).3 Tet (M) can didodge older tetracyclines

(Continued on page 6)

A University of Washington Drug Information Center publication
Distributed monthly by authority of the Pharmacy and Therapeutics Committee
Editor: Nelda A. Murri, Pharm.D. (206) 598-6612 — Asst. Editor: Elizabeth Rudy, DV.M., R.Ph.
Department of Pharmacy Services/ School of Pharmacy

Copyright © 2006 by the University of Washington
Also published on the World Wide Web at http://uw.prnrx.org/therapyTopics.asp
No material may be reproduced in whole or in part without written permission from the editor.




6

Concurrent with FDA
approval of tigecycline,
IV minocyclinewas
withdrawn from the U.S.
mar ket by the manufac-
turer (Wyeth), making
tigecyclinethe defacto
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from theribosome. The glycylcyclinesmay bind moretightly to ribosomes compared to
older tetracyclines and Tet (M) may be unable to disrupt this tight binding.4> Alterna-
tively, perhapsglycylcyclinesbindtotheribosomeinsuchamanner that Tet (M) isunable
tointeract with theribosome.4>How long thisovercoming of bacterial resistancewill last
remains to be seen, as in vitro selected mutations of Tet (A) have enabled efflux of
glycylcyclines. Additiondly, five instances of emerging resistance were noted during
Phase 3 tridls, involving four organisms (A. baumannii, E. cloacae, K. pneumoniae, M.

replacement. morganii). Theapparent mechanism of thisresi stance was associated with up-regulation
of chromosomally mediated efflux pumps.3 Furthermore, tigecycline has been shown to
be active againgt extended-spectrum beta-lactamases (ESBLS), mutant plasmid-born
enzymes, seen in 10—15% of hospital isolates of E. coli and Klebsiella spp.1.267
Table II: Inhibition of Common Bacterial Pathogens by Tigecycline 67 Reservi ng tlgecyC“ne for reSiStant, a)ajdly
Organism Cumulative % inhibited (mcg/mL) multi-drug resistant bacteriaisessential. A recent
(# tested / % of total) <0.12 0.25 05 1 2 4 8 Study WaS COﬂdUC'[ed to E\/a| uate |n VItI'O E':C'[IVIty
Acinetobacter spp. (223/2.4%) 11 21 35 65 ) >99 100 of tigecycline compared to tetracycline and com-
Beta-hemolytic Strep (177/1.9%) | 97 100 parator antibacterial sagainst bacteriaisolatedfrom
B frogilis - - - . - % - ICU patients. This particular group of patients
Coag Negative Staph (1181/13%) | 47 77 97 100 waschosenasthey aretypically at ahigher risk for
Enterobacter spp. (405/4.4%) 2 2 77 90 % | -9 | w0 | thedevelopmentof nosocomia andantimicrobial
Enterococe (1245/13.7%) 66 2 >99 >99 100 resstant infections. The study anadyzed 9093
Enterococcus VanA phenotype | 26 | o7 | 109 Gram-positive and Gram-negative isolates from
(179/1.9%) . . . .
Y — 93 medlcd centersin 29 countries, representing
(23/0.25%) A al 5 continents, over 4 years (2000 to 2004).
E. coli (721/7.9%) 49 o | > [ 100 Potency of tigecycline against the main bacterial
Klebsiella spp. (582/6.4%) 1 36 78 92 ] 100 pathogens isolated worldwide is presented in
P. aeruginosa (765/8.49%) - <1 1 2 5 21 64 Table Il. Of note, tigecycline was more active
Proteus mirabilis - - - - - %0 % against Enterococcusand Acinetobacter spp. than
Proteus wigarls - - - - - © | - comparativeagents. Remarkably, tigecyclinewas
Serratia p. (168/1.8%) - L] B L % %] ] O L eighttimesmore potent than vancomycin and 16
S auredsMSSA (1049189 | O | 89 ] > | 10 times more potent than linezolid against Entero-
S. aureus MRSA (1272/14%) 52 86 99 100 .
S. pneumoniae (141/1.5%) % 100 COCC[TISSpp' I.mp.ortantly, V\.II thanM I.C50 of 8ng/
— mL, tigecyclineisnot considered activeagainst P.
S. maltophilia (131/1.4%) 1 8 36 69 0 97 100

Tigecyclineisnot clini-
cally useful against
Pseudomonas or
Proteus spp.

Table lll: Mean (steady state)
Pharmacokinetic Parameters for
Tigecycline after Multiple IV Doses

C, . (B0min. infusion) 0.87 meg/mL
C, . (BOmin. infusion) 0.63 meg/mL
AUC ... 47mege WmL
t,, 424h

CL 238L/h

CL renal 51 mL/min

vd 639 L

Protein Binding 71% - 89%
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aeruginosa strains. Tigecycline aso has limited
activity againgt Proteusmirabilisand P. vulgaris.” Additionally, B. fragilishasan MICy,
of Imcg/mL andMICgy, of 4meg/mL (range0.015-32mcg/mL )1, makingtheMICshigher
than the achievable blood concentrations; however, the efficacy of tigecycline against B.
fragilismay be partidly explained by concentration of thedrug in key tissues (e.g., colon
tigecycline concentrations are 2.1 times that of serum).8

Pertinent pharmacokinetic information for tigecycline is summarized in Table I11.
Standard tigecycline dosing is 100mg 1V asan initial dose, followed by 50mg every 12
hours, withaninfusiontimeof 30—60 minutesand atreatment duration of 5-14 days. The
large volume of digtribution of tigecycline at steady-state indicates extensive tissue
distribution. Tigecycline is not extensively metabolized nor does it appear to inhibit
CYP450 isoforms. Elimination of the drug is 59% biliary/fecal and 33% urine. Dosage
adjustmentisnot necessary in patientswithrenal impairment or mild-to-moderatehepatic
impairment. Patientswith severehepatic disease shouldreceiveaninitia tigecyclinedose
of 100mg followed by areduced maintenance dose of 25mg every 12 hours.

The most common adverse effects associ ated with tigecycline useamong the 1415
patients treated in Phase 3 clinicd trias were mild-to-moderate nausea and vomiting.

Overall incidence of nauseawas 29.5% while the incidence of vomiting was 19.7%.
(Continued on page 7)
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Tigecyclineis considered a pregnancy category D drug. Animal studiesillustrate
that tigecycline crossesthe placentaand distributesto fetal tissue. Animal studiesalso
demonstrate decreased fetal weights, delaysin ossification, and fetal losswith tigecy-
cline. Aswith all tetracyclines, administration of tigecycline during the second or third
trimester could potentially lead to staining of fetal primary dentition.

Todate, atotd of two papers summarizing the results of four Phase 3 clinical trids of
tigecyclinefor complicated skinandskingructure(2tria s) and complicatedintra-abdomind
infections(2trias) have been published.910 Thefirgt of these paperscompared theuseof IV
tigecydline to IV vancomycin/aztreonam for the treatment of complicated skin and skin
gructureinfections(cSSSl).? Both cSSSl studieswererandomized, double-blindand active
controlled, aswell as multinational and multicentered. The primary endpoint was clinica
regponsed thetest-of -curevist 12-42 daysefter thel ast doseof study medi cation, whichwas
givenfor5-14days. Thetreatment armswere: tigecycline100mginitidly followedby 50mg
every 12 hours with placebo; or sequentia vancomycin a a dose of 1g every 12 hours
followed by aztreonam 2g every 12 hours. Of the 1057 patients (538 tigecycline vs. 519
vancomycin/aztreonam), 79.7% treated with tigecyclineand 81.9% treated with vancomy-
cin/aztreonam had dinica cure (p=0.4183). As indicated by the non-significant p-vaue,
tigecycline was shown to be non-inferior to the combinetion trestment of vancomyairy
aztreonam for complicated skin and skin sructure infections. The predominant pathogens
identifiedinthesetria swereS aureus(primarily M SSA withasma l number of MRSA) and
Streptococcus sop. Currently, cefazolinistypically consdered firgt-line thergpy for cSSS,
if res tanceisnot suspected, and vancomycin monotherapy isancther reesonablechoicefor
the trestment of seriousinfections dueto betarlactam-resistant Gram-positive organisms,

The second paper reported the results of the use of tigecydine for complicated intra-
abdomind infections(clAl).10 Again, theresultsof thetwo randomized, double-blind, active-
control, multicenteredtrial slooked at aprimary endpoint of dinica responseat thetest-of-cure
vigt 12-42 days after thelast dose of sudy medication. Patientswere randomized to recaive
ethertigecydine100mgloadingdosefollowedby S0mgevery 12hoursorimipenem-cilagatin
500mg every 6 hoursfor atrestment duration of 514 days Of the 1601 patientstrested (801
tigecydinevs. 800 imipenem-ciladtatin) 79.8% treated with tigecydine and 82% treated with
imipenem-cilagtatin had dinica cure(p=0.2851). Asindicated by thenon-significant p-vaue,
tigecydine was shown to be nortinferior to imipenem-ciladatin for complicated intra:
abdomind infections. Indinicd practice, piperacillin-tazobactamand carbapenemsaretypicd
monotherapy optionsfor clAl; however, combination regimens such as metronidazole with
upper generation cepha osporins, cprofloxacin, or aztreonamareoftenusad. Althoughitisfar
tocomparetigecydinetoimipenem-cilagtainfor cl Al, other sudiesdemondratingtigecydine
effectiveness compared to Sandard combination trestment options are warranted.

Clinicd tridsshow that tigecydineisasuccessful optionfor cSSSl and clAl; however,
giventheclimateof increasing bacterid resstance, itiswiser toreserveit for life-threatening
infectionscaused by multi-drug res stant organisms. Asmentioned above, many reasongble
thergpeutic dterndives are avallable for non-multidrug resstant cSSSl and clAls.

UW Medicneformulary broad-spectrum antibioticsarranged by cost aresummarizedin
TablelV athttp://deptswashington.eduw/druginfa/DTT/2006 V35 Files’'V3EN2 TablelV.pdf.
Tigecydinethergpy iscomparableincogt toimipenemtherapy. Thoughtigecydinecanbeused
for MRSA, less codlly formulary drugs are avallable and equaly effective. Treatment with
tigecydineismonitored by the HMC AARM team for useredricted to restant organisms.

With increesing bacterid resstance, the need for new drugs, such as tigecydine, is
expanding. Tigecydinewould bemost beneficid intheream of multi-drug res stant becteria,
(Continued on page 8)
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Dosage Form(s),
Strength(s), & Cost?

Usual Adult
Starting Dose*

Therapeutic

Classification Use

Gadobenate
dimeglumine
(MultiHance)

Injection: 529mg/mL
(5, 10, 15, and 20mL)

Refer to product
labeling.

Magnetic resonance imaging

Diagnostic agent of the CNS

* Refer to product labeling for full prescribing information. ¥ Contact pharmacy for information on drug costs.
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Note: The editor gratefully ac-
knowl edgestheassi stanceof Doug
Black, PharmD.; and Jeannie
Chan, PharmD., and Timothy
Ddlit, M.D., HMC AARM Team,
inreviewing thisarticle.

asitisactiveagang Gram-pogtive, Gram-negative, aypicas, and res gant srainsof common
pathogenssuchasMRSA, ESBL -producing E. coli and Klebsdlaspp., VRE, and multi-drug
ressant Acinetobacter. Tigecydine is not active againgt Proteus or Pseudomonas op. A
potentid futureusefortigecydinei sthetrestment of nosocomia pneumoniawherePseudono-
nasisnot suspected. Likewise, theultimaterolefor tigecydinemay beexpanded asressance
patterns change and as more complete dinica evidence regarding the drug emerges
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