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   Common Drug Interactions Encountered 
in Treating Transplant- Related Infection                     
     Helen     W.     Boucher       and     Shannon     M.     Wiehe     

       The treatment of patients with transplant-related infections 
requires close attention to the host in order to ensure ade-
quate and safe dosing of anti-infective medications. Solid 
organ transplant recipients are at risk for synergistic toxici-
ties due to drug–drug interactions between anti-infective 
agents and immunosuppressive medications. These toxicities 
relate to consequences of high exposures to the immunosup-
pressive and/or the anti-infective medication. While perhaps 
less frequent, the risk of inadequate anti-infective drug expo-
sure and resulting treatment failure due to drug–drug interac-
tions must also be avoided. This chapter presents a summary 
of the clinically signifi cant drug–drug interactions encoun-
tered in providing anti-infective chemotherapy to solid organ 
transplant recipients. 

 Medications used for immunosuppression after organ 
transplantation can be split into seven categories (Table  4-1 ): 
polyclonal antibodies, monoclonal antibodies, calcineurin 
inhibitors, antimetabolites, mammalian target of rapamycin 
(mTOR) inhibitors, corticosteroids, and selective T-cell 
costimulation blockers. The reader is referred to Chap.   3     for 
more detailed information regarding the mechanism of 
action of these commonly used immunosuppressive agents. 
The risk of drug interactions is high, particularly within the 
calcineurin inhibitor and mTOR inhibitor drug classes. 

  Cyclosporine      (Neoral, Sandimmune, Novartis 
Pharmaceuticals) and  tacrolimus   (Prograf, Astagraf XL, 
Astellas Pharmaceuticals) are calcineurin inhibitors. They 
suppress the immune system by blocking IL-2 signaling 
between immune cells. Major toxicities include electrolyte 
disturbances (i.e., hypophosphatemia, hypomagnesemia, 
hyperkalemia), hypertension, hyperlipidemia, hyperglyce-
mia, nephrotoxicity, neurotoxicity, and others [ 1 ,  2 ]. Doses 
are adjusted to obtain target whole blood cyclosporine or 
tacrolimus levels and the target range is patient-specifi c. 

  Sirolimus      (Rapamune, Pfi zer Inc.) and  everolimus   
(Zortress, Novartis Pharmaceuticals) are mTOR inhibitors 
whose actions inhibit T-cell activation and proliferation. 
Major toxicities include impaired wound healing, hypertri-
glyceridemia, hyperlipidemia, oral ulcers, proteinuria, and 
noninfectious pneumonitis [ 3 – 6 ]. Sirolimus and everolimus 
doses are adjusted to obtain target whole blood trough con-
centrations, and the target range is patient-specifi c. Sirolimus 
has a long half-life and it will take 1–2 weeks to reach steady 
state after initiating therapy and/or after dose changes. 

 Cyclosporine, tacrolimus, sirolimus, and everolimus are 
substrates for both cytochrome P-450 3A4 (CYP3A4) and 
P-glycoprotein (P-gp). Drugs and substances that induce 
CYP3A4 and/or P-gp may decrease cyclosporine/tacroli-
mus/sirolimus/everolimus concentrations, whereas inhibi-
tors of CYP3A4 and/or P-gp may increase cyclosporine/
tacrolimus/sirolimus/everolimus concentrations. 
Cyclosporine also inhibits CYP3A4 and P-gp and may have 
additional unique drug interactions not present with tacroli-
mus, sirolimus, and everolimus. 

  Azathioprine      (Imuran; Prometheus Laboratories) is an 
antimetabolite. Major toxicities include bone marrow sup-
pression manifesting as leukopenia, thrombocytopenia, and 
anemia. Standard, weight-based dosing is used for azathio-
prine; serum drug concentrations are not utilized [ 7 ]. 

 Mycophenolate mofetil ( MMF     , CellCept; Genentech) 
and mycophenolic acid ( MPA     , Myfortic; Novartis 
Pharmaceuticals) are also antimetabolites, but, compared 
with azathioprine, their mechanism of action is more tar-
geted to the white blood cell lines. Major toxicities include 
leukopenia and gastrointestinal adverse effects, most nota-
bly diarrhea [ 8 ]. Although these drugs are generally used at 
standard doses, therapeutic drug monitoring may be useful 
for MMF. 
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 MMF is a prodrug that, after absorption, is quickly hydro-
lyzed to MPA.  Myfortic   is an enteric coated formulation of 
MPA, which is the active moiety of both these drugs. The 
major metabolite of MPA, an MPA glucuronide known as 
MPAG, is excreted into urine and bile. Once in the GI tract, 
MPAG is converted back into MPA and reabsorbed, resulting 
in enterohepatic recirculation. 

 MMF and MPA are believed to have similar drug interac-
tions. Indeed, most MPA drug interactions are derived from the 
MMF literature. The clinical impact may not be exactly the 
same, however, because each of these medications has a unique 
pharmacokinetic profi le. In addition to the interactions listed in 
Table  4-2 , drugs that alter the GI fl ora may disrupt enterohe-
patic recirculation of MPA. This is because natural GI fl ora is 
responsible for conversion of MPAG to MPA [ 75 ].

   There is scant evidence suggesting that corticosteroids 
may have clinically relevant drug interactions with other 
immunosuppressive agents [ 76 ]. Corticosteroids induce the 
CYP3A4 and P-gp pathways to varying degrees; cyclospo-
rine, tacrolimus, sirolimus, and everolimus rely on these 
pathways for metabolism. Corticosteroids also induce uri-
dine diphosphate glucuronosyltransferase enzymes and mul-
tidrug resistance-associated protein 2; the mycophenolate 
products rely on these pathways for metabolism. When pos-
sible, therapeutic drug monitoring can be used to ensure 
appropriate immunosuppressive exposure while initiating or 
tapering corticosteroids [ 7 ]. 

 Relevant drug interactions have not been noted for the 
polyclonal/monoclonal antibodies or selective T-cell costim-
ulation blockers. These drugs do, however, pose the risk of 
pharmacodynamic interactions and additive toxicities. 

 Since our last update, several new  anti-infective medica-
tions      have been approved for marketing. These include the 
antibacterial drugs tedizolid, ceftaroline, dalbavancin, orita-
vancin, ceftolozane–tazobactam, fi daxomicin, and 
 ceftazidime–avibactam. New antiviral agents include anti-
hepaciviral protease inhibitors (telaprevir, boceprevir, 
simeprevir), polymerase inhibitors, and NS5A inhibitors as 
well as antiretroviral integrase inhibitors (raltegravir, elvite-
gravir, dolutegravir). The new azole antifungal agent isavu-
conazole was also introduced and is marketed as the prodrug 
isavuconazonium sulfate. New immunosuppressant agents 
include everolimus and belatacept. The tables highlight only 
drugs with potential interactions in transplant recipients. 
Table  4-1  lists the  immunosuppressive agents   according to 
their class; Table  4-2  shows common immunosuppressant 
interactions; and Table  4-3   presents   common interactions 
between anti- infective and immunosuppressant drugs.

    TABLE 4-2.    Common  immunosuppressant drug interactions     

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Azathioprine (AZA; 
Imuran) 

 Allopurinol [ 9 ,  10 ]  AZA is metabolized to 6-MP 
(active); 6-MP is 
inactivated by xanthine 
oxidase (XO); allopurinol 
inhibits XO 

 Signifi cant increase in 
6-MP exposure; AZA 
toxicity (i.e., bone 
marrow suppression) 

 Reduce AZA dose; will 
require 66–75 % AZA 
dose reduction when 
adding allopurinol 

 Aminosalicylates: mesalamine, 
olsalazine, sulfasalazine [ 11 , 
 12 ] 

 AZA is metabolized to 6-MP 
(active); 6-MP is 
inactivated by TPMT; 
aminosalicylates may 
inhibit TPMT 

 Higher risk of bone marrow 
suppression 

 Monitor CBC regularly with 
concomitant use 

 Infl iximab [ 13 ]  Infl iximab reduces AZA 
clearance 

 Leukopenia  Monitor CBC regularly with 
concomitant use 

 Warfarin [ 14 ]  Unknown  Dose-dependent inhibition 
of warfarin effect 

 Titrate warfarin; will require 
~2.5-fold higher warfarin 
when adding AZA 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

(continued)

    TABLE 4-1.     Immunosuppressive   agents [ 7 ]   

 Class  Generic name  Brand name 

 Calcineurin 
inhibitors 

 Cyclosporine  Neoral; Sandimmune 

 Tacrolimus  Prograf; Astagraf XL 

 Antimetabolites  Azathioprine  Imuran 

 Mycophenolate mofetil  CellCept 

 Mycophenolic acid  Myfortic 

 Corticosteroids  Prednisone  Deltasone 

 mTOR inhibitors  Sirolimus  Rapamune 

 Everolimus  Zortress 

 Polyclonal 
antibodies 

 Antithymocyte globulin, 
rabbit 

 Thymoglobulin 

 Monoclonal 
antibodies 

 Basiliximab (anti-CD25)  Simulect 

 Alemtuzumab (anti-CD52)  Campath-1H 

 Selective T-cell 
costimulation 
blocker 

 Belatacept  Nulojix 

  For more information, also see Chap.   3    . 
  Abbreviation :  mTOR  mammalian target of rapamycin.  
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TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Cyclosporine (CSA; 
Neoral, 
Sandimmune) 

 Everolimus [ 15 ,  16 ]  Everolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Concomitant administration 
of cyclosporine (Neoral) 
increases EVR AUC and 
 C  max  by 168 % and 82 %, 
respectively 

 EVR dose adjustment may 
be needed upon initiation 
or discontinuation of 
cyclosporine 

 Titrate EVR dose; utilize 
whole blood trough 
concentrations 

 Micafungin [ 17 ]  Micafungin is a mild inhibitor 
of CYP3A4 in vitro; CSA 
is a CYP3A4 substrate 

 Concomitant use results in 
slightly increased CSA 
exposure 

 Titrate CSA; utilize whole 
blood CSA concentrations 

 Mycophenolate mofetil [ 18 , 
 19 ] 

 CSA inhibits enterohepatic 
recirculation of MPAG 

 30–50 % reduction in the 
MPA AUC 0–12 h  

 Note the alteration in MPA 
exposure when changing 
concomitant 
immunosuppression; 
consider MMF dose 
adjustments 

 Sirolimus [ 20 – 22 ]  Sirolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Simultaneous 
administration increases 
SIR  C  max  and AUC by 
116 % and 230 %, 
respectively 

 Stagger administration by at 
least 4 h; note that 
staggered administration 
minimizes but does not 
ameliorate the interaction 

 Administering SIR 4 h after 
CSA increases   SIR  C  max  
and AUC by 37 % and 
80 %, respectively 

 Titrate SIR; utilize whole 
blood trough SIR 
concentrations 

 HMG-CoA reductase 
inhibitors “statins” [ 23 – 26 ]: 
rosuvastatin, 
simvastatin > atorvastatin, 
lovastatin, 
fl uvastatin > pravastatin 

 Competition for metabolism 
by CYP3A4; altered statin 
transport in the liver 

 Concomitant use results in 
increased statin 
exposure; appears more 
potent with CSA than 
TAC 

 Use lower statin doses (i.e., 
50 % reduced); watch for 
myopathies and other 
statin side effects 

 Use with simvastatin and 
atorvastatin not 
recommended 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

 Everolimus (EVR; 
Zortress) 

 Cyclosporine [ 15 ,  16 ]  Everolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Concomitant administration 
of cyclosporine (Neoral) 
increases EVR AUC and 
 C  max  by 168 % and 82 %, 
respectively 

 EVR dose adjustment may 
be needed upon initiation 
or discontinuation of 
cyclosporine 

 Titrate EVR dose; utilize 
whole blood trough 
concentrations 

 Octreotide [ 15 ]  Unknown  Coadministration of EVR 
with depot octreotide 
increased  C  min  by 50 % 

 Note altered octreotide 
exposure with EVR 

 Mycophenolate 
mofetil (MMF; 
CellCept) 

 Acyclovir, ganciclovir [ 27 ]  The antiviral and MPAG 
compete for renal tubular 
secretion; particularly in 
renal impairment 

 Risk for increased 
acyclovir, ganciclovir, 
and MPAG 
concentrations 

 Use combination with 
caution in renal 
insuffi ciency; monitor 
CBC 

 Antacids (i.e., Mg, Al) [ 28 ]  Impaired absorption of MMF/
MPA 

 25–33 % reduction in MPA 
 C  max  and 17–37 % 
reduction in the MPA 
AUC 0–24 h  

 Stagger administration by 
2–4 h 

 Bile acid sequestrants: 
cholestyramine, 
colesevelam, colestipol [ 27 , 
 29 ] 

 Drugs that bind bile acids 
interrupt enterohepatic 
recirculation 

 40 % reduction in the MPA 
AUC 0–24 h  

 Avoid concomitant use 

 Oral contraceptives [ 27 ]  Unknown  Mean levonorgestrel AUC 
was decreased by 15 % 

 Consider additional method 
of birth control 

(continued)
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TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

   Cyclosporine [ 18 ,  19 ]  CSA inhibits enterohepatic 
recirculation of MPAG 

 30–50 % reduction in the 
MPA AUC 0–12 h  

 Note the alteration in MPA 
exposure when changing 
concomitant 
immunosuppression; 
consider MMF dose 
adjustments 

 Ganciclovir  See acyclovir 

 Nevirapine [ 30 ]  Competition for and/or 
altered enterohepatic 
recycling 

 Slight but signifi cant 
reduction in nevirapine 
exposure; unknown 
effect on MPA 

 No recommendations have 
been made 

 Proton pump inhibitors [ 27 , 
 31 ] 

 Decreased solubility of MPA 
at increased gastric pH 

 MPA  C  max  reduced by 
30–70 %, AUC reduced 
by 25–35 % 

 Clinical signifi cance 
unknown 

 Use with caution 

 Rifampin [ 32 ]  Unknown  Major reduction in MPA 
AUC 0–12 h  

 Consider MPA drug 
monitoring while on 
rifampin 

 Sevelamer [ 33 ]  Impaired absorption of MMF/
MPA 

 30 % and 25 % reduction in 
MPA  C  max  and AUC, 
respectively 

 Stagger administration by 2 h 

 Mycophenolic acid 
(MPA; Myfortic) 

 Acyclovir, ganciclovir [ 34 ]  The antiviral and MPAG 
compete for renal tubular 
secretion; particularly in 
renal impairment 

 Risk for increased 
acyclovir, ganciclovir, 
and MPAG 
concentrations 

 Use combination with 
caution in renal 
insuffi ciency; monitor 
CBC 

 Antacids (i.e., Al, Mg) [ 34 ]  Antacids decrease MPA 
absorption 

 25 % and 37 % reduction in 
MPA  C  max  and AUC, 
respectively 

 Avoid concomitant 
administration 

 Bile acid sequestrants: 
cholestyramine, 
colesevelam, colestipol [ 34 ] 

 Drugs that bind bile acids 
interrupt enterohepatic 
recirculation 

 Reduced MPA exposure  Avoid concomitant 
administration 

 Oral contraceptives [ 34 ]  Unknown; this interaction is 
assumed from the MMF 
experience 

 Mean levonorgestrel AUC 
was decreased by 15 % 

 Consider additional method 
of birth control 

 Cyclosporine [ 35 ]  CSA inhibits enterohepatic 
recirculation of MPAG 

 20–30 % decrease in the 
bioavailability and a 
signifi cant reduction in 
MPA AUC 0–24 h  

 MPA dose requirements may 
be higher when used with 
CSA 

 Ganciclovir  See acyclovir 

 *Cytochrome P-450 3A4 
(CYP3A4) and 
P-glycoprotein drug 
interactions also apply 

 Sirolimus (SIR; 
Rapamune) 

 Cyclosporine [ 20 – 22 ]  Sirolimus is a substrate of 
CYP3A4 and P-gp; CSA 
inhibits CYP3A4 and P-gp 

 Simultaneous 
administration increases 
SIR  C  max  and AUC by 
116 % and 230 %, 
respectively 

 Stagger administration by at 
least 4 h; note that 
staggered administration 
minimizes but does not 
ameliorate the interaction 

 Administering SIR 4 h after 
CSA increases   SIR  C  max  
and AUC by 37 % and 
80 %, respectively 

 Titrate SIR; utilize whole 
blood trough SIR 
concentrations 

 Micafungin [ 36 ]  Unknown  SIR AUC is increased by 
21 %; no effect on SIR 
 C  max  

 Consider therapeutic 
alternatives or titrate SIR 
doses per whole blood 
trough SIR concentrations 

 *Cytochrome P-450 3A4 and 
P-glycoprotein drug 
interactions also apply 

(continued)

H.W. Boucher and S.M. Wiehe



51

TABLE 4-2. (continued)

 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Tacrolimus (TAC; 
Prograf, Astagraf 
XL) 

 HMG-CoA reductase 
inhibitors “statins”: 
simvastatin, atorvastatin, 
lovastatin, fl uvastatin, 
pravastatin, rosuvastatin 
[ 23 ,  26 ] 

 Competition for metabolism 
by CYP3A4; altered statin 
transport in the liver 

 Concomitant use results in 
increased statin 
exposure; appears more 
potent with CSA than 
TAC 

 Use lower statin doses (i.e., 
50 % reduced); watch for 
myopathies and other 
statin side effects 

 Cytochrome P-450 
3A4 (CYP3A4) 
and 
P-glycoprotein 
(P-gp) drug 
interactions 

 Anticonvulsants: 
carbamazepine, 
oxcarbazepine, 
phenobarbital, phenytoin 
[ 15 ,  20 ,  37 ,  38 ] 

 Induction of CYP3A4- 
mediated CSA/TAC/SIR/
EVR metabolism 

 Decrease in plasma CSA/
TAC/SIR/EVR 
concentrations 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Consider therapeutic 
alternatives (i.e., valproic 
acid, lamotrigine, 
gabapentin) 

 Rifampin [ 15 ,  20 ,  39 ,  40 ]  Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Consider rifabutin if 
appropriate [ 41 ] 

 St. John’s wort [ 42 ,  43 ]  Unpredictable and varying 
decrease in CSA/TAC/
SIR/EVR concentrations 

 Avoid concomitant use 

 Amiodarone [ 44 ]  Inhibition of CYP3A4- 
mediated CSA/TAC/SIR/
EVR metabolism 

 Increase in CSA/TAC/SIR/
EVR concentrations 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Danazol [ 45 ] 

 Nefazodone [ 46 ] 

 Grapefruit juice [ 47 ]  Unpredictable and varying 
increase in CSA/TAC/
SIR/EVR concentrations 

 Avoid concomitant use 

 Macrolide antibiotics: 
clarithromycin [ 48 – 50 ], 
erythromycin [ 51 – 53 ], 
telithromycin 

 Signifi cant increase in 
CSA/TAC/SIR/EVR 
concentrations 

 Avoid concomitant use 
whenever possible; 
consider azithromycin [ 54 ] 

 If coadministration is 
necessary, empirically 
reduce CSA/TAC/SIR/
EVR doses, monitor CSA/
TAC/SIR/EVR whole 
blood concentrations; 
titrate CSA/TAC/SIR/EVR 
dose 

 Nondihydropyridine calcium 
channel blockers: diltiazem 
[ 55 – 57 ] > verapamil [ 15 ,  20 , 
 57 ] 

 Increase in CSA/TAC/SIR/
EVR concentrations; 
appears to be more 
potent with diltiazem 
versus verapamil 

 Titrate CSA/TAC/SIR/EVR 
dose; utilize CSA/TAC/
SIR/EVR whole blood 
concentrations 

 Anti-HIV protease inhibitors 
[ 58 ]: amprenavir, atazanavir, 
darunavir, fosamprenavir, 
indinavir, lopinavir [ 59 ,  60 ], 
nelfi navir, ritonavir [ 59 ,  60 ], 
saquinavir 

 Anti-HCV protease inhibitors 
[ 61 ]: boceprevir, telaprevir 

 Signifi cant increase in 
CSA/TAC/SIR/EVR 
concentrations 

 When initiating CSA/TAC/
SIR/EVR, use low doses 
and utilize whole blood 
concentrations to 
determine the dosing 
interval; may need to 
utilize liquid formulations 
to achieve small oral doses 

 Titrate CSA/TAC/SIR/EVR 
dose and/or interval; 
utilize CSA/TAC/SIR/
EVR whole blood 
concentrations 

(continued)
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 Immunosuppressant  Interacts with  Interaction  Clinical effect  Management 

 Azole antifungals: 
itraconazole [ 62 , 
 63 ], posaconazole 
[ 64 ,  65 ], 
voriconazole [ 51 , 
 66 ], isavuconazole 
[ 67 ] > fl uconazole 
[ 68 ,  69 ], 
ketoconazole 
[ 20 ] > clotrimazole 
[ 70 ,  71 ] 

 For ketoconazole, 
fl uconazole, and 
clotrimazole: titrate 
CSA/TAC/SIR/EVR 
dose and/or interval; 
utilize CSA/TAC/SIR/
EVR whole blood 
concentrations 

 For voriconazole, 
posaconazole, and 
itraconazole: empirically 
reduce CSA/TAC/SIR/
EVR doses, monitor 
CSA/TAC/SIR/EVR 
whole blood 
concentrations; titrate 
CSA/TAC/SIR/EVR 
dose 

 For voriconazole, 
ketoconazole, and 
itraconazole: note that 
concomitant use with 
EVR is not 
recommended [ 15 ] 

 For voriconazole and 
posaconazole: note that 
concomitant use with 
SIR is contraindicated 
[ 72 ,  73 ] but safe 
coadministration has 
been reported [ 64 ,  74 ] if 
SIR doses are cut by at 
least 50 % before 
initiating voriconazole or 
posaconazole; titrate per 
SIR whole blood trough 
concentrations 

 Clotrimazole troches can 
more than double TAC 
concentrations due to 
inhibition of intestinal 
CYP3A4 and P-gp 

TABLE 4-2. (continued)

H.W. Boucher and S.M. Wiehe



53

   
TAB

L
E
 4

-3
.  

  C
om

m
on

 in
te

ra
ct

io
ns

  b
et

w
ee

n 
   an

ti-
in

fe
ct

iv
e 

ag
en

ts
   a

nd
 im

m
un

os
up

pr
es

si
ve

 a
ge

nt
s   

 A
nt

i-
in

fe
ct

iv
e 

ca
te

go
ry

 
 A

nt
i-

in
fe

ct
iv

e 
ag

en
t/c

la
ss

 
 Im

m
un

os
up

pr
es

si
ve

 
ag

en
t o

r 
gr

ou
p 

of
 a

ge
nt

s 
 In

te
ra

ct
io

n 
 C

lin
ic

al
 e

ff
ec

t 
 M

an
ag

em
en

t 

 A
nt

if
un

ga
l 

 Po
ly

en
e 

an
tif

un
ga

l: 
am

ph
ot

er
ic

in
 B

 
fo

rm
ul

at
io

ns
 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 A

dd
iti

ve
 n

ep
hr

ot
ox

ic
ity

 
 In

cr
ea

se
s 

ri
sk

 o
f 

ki
dn

ey
 in

ju
ry

 
 M

on
ito

r 
C

SA
/T

A
C

/S
IR

/E
V

R
 

co
nc

en
tr

at
io

n 
an

d 
ki

dn
ey

 f
un

ct
io

n 

 A
nt

if
un

ga
l 

 A
zo

le
 a

nt
if

un
ga

ls
: i

tr
ac

on
az

ol
e 

[ 6
2 ,

  6
3 ]

, 
po

sa
co

na
zo

le
 [

 64
 ,  6

5 ]
, v

or
ic

on
az

ol
e 

[ 5
1 ,

  6
6 ]

, i
sa

vu
co

na
zo

le
 

[ 6
7 ]

 >
 fl 

uc
on

az
ol

e 
[ 6

8 ,
  6

9 ]
, 

ke
to

co
na

zo
le

 [
 20

 ] >
 c

lo
tr

im
az

ol
e 

[ 7
0 ,

 
 71

 ] 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 In

hi
bi

tio
n 

of
 C

Y
P3

A
4 

 In
cr

ea
se

s 
C

SA
, T

A
C

, S
IR

, a
nd

 
E

V
R

 le
ve

ls
 in

 v
ar

yi
ng

 a
m

ou
nt

s 
 Fo

r 
ke

to
co

na
zo

le
, fl

 u
co

na
zo

le
, a

nd
 

cl
ot

ri
m

az
ol

e:
 ti

tr
at

e 
C

SA
/T

A
C

/S
IR

/
E

V
R

 d
os

e 
an

d/
or

 in
te

rv
al

; u
til

iz
e 

C
SA

/T
A

C
/S

IR
/E

V
R

 w
ho

le
 b

lo
od

 
co

nc
en

tr
at

io
ns

 

 Fo
r 

vo
ri

co
na

zo
le

, p
os

ac
on

az
ol

e,
 a

nd
 

itr
ac

on
az

ol
e:

 e
m

pi
ri

ca
lly

 r
ed

uc
e 

C
SA

/T
A

C
/S

IR
/E

V
R

 d
os

es
, m

on
ito

r 
C

SA
/T

A
C

/S
IR

/E
V

R
 w

ho
le

 b
lo

od
 

co
nc

en
tr

at
io

ns
; t

itr
at

e 
C

SA
/T

A
C

/
SI

R
/E

V
R

 d
os

e 

 Fo
r 

vo
ri

co
na

zo
le

, k
et

oc
on

az
ol

e,
 a

nd
 

itr
ac

on
az

ol
e:

 n
ot

e 
th

at
 c

on
co

m
ita

nt
 

us
e 

w
ith

 E
V

R
 is

 n
ot

 r
ec

om
m

en
de

d 
[ 1

5 ]
 

 Fo
r 

vo
ri

co
na

zo
le

 a
nd

 p
os

ac
on

az
ol

e:
 

no
te

 th
at

 c
on

co
m

ita
nt

 u
se

 w
ith

 S
IR

 is
 

co
nt

ra
in

di
ca

te
d 

[ 7
2 ,

  7
3 ]

 b
ut

 s
af

e 
co

ad
m

in
is

tr
at

io
n 

ha
s 

be
en

 r
ep

or
te

d 
[ 6

4 ,
  7

4 ]
 if

 S
IR

 d
os

es
 a

re
 c

ut
 b

y 
at

 
le

as
t 5

0 
%

 b
ef

or
e 

in
iti

at
in

g 
vo

ri
co

na
zo

le
 o

r 
po

sa
co

na
zo

le
; t

itr
at

e 
pe

r 
SI

R
 w

ho
le

 b
lo

od
 tr

ou
gh

 
co

nc
en

tr
at

io
n 

 C
lo

tr
im

az
ol

e 
tr

oc
he

s 
ca

n 
m

or
e 

th
an

 
do

ub
le

 T
A

C
 c

on
ce

nt
ra

tio
ns

 d
ue

 to
 

in
hi

bi
tio

n 
of

 in
te

st
in

al
 C

Y
P3

A
4 

an
d 

P-
gp

 

 TA
C

 
 A

dd
iti

ve
 Q

T
c 

pr
ol

on
ga

tio
n 

 In
cr

ea
se

s 
ri

sk
 o

f 
to

rs
ad

e 
de

 p
oi

nt
es

 
 M

on
ito

r 
el

ec
tr

oc
ar

di
og

ra
m

 f
or

 Q
T

c 
pr

ol
on

ga
tio

n 

 A
nt

if
un

ga
l 

 A
ni

du
la

fu
ng

in
/e

ch
in

oc
an

di
n 

 C
SA

 
 N

o 
si

gn
ifi 

ca
nt

 in
te

ra
ct

io
n 

 A
nt

if
un

ga
l 

 C
as

po
fu

ng
in

/e
ch

in
oc

an
di

n 
[ 7

7 –
 80

 ] 
 C

SA
 

 in
cr

ea
se

 L
FT

s 
 L

ik
el

y 
no

t c
lin

ic
al

ly
 r

el
ev

an
t 

 A
nt

if
un

ga
l 

 M
ic

af
un

gi
n/

ec
hi

no
ca

nd
in

 [
 17

 ] 
 C

SA
 

 M
ic

af
un

gi
n 

is
 a

 m
ild

 in
hi

bi
to

r 
of

 C
Y

P3
A

4 
in

 v
itr

o;
 C

SA
 

is
 a

 C
Y

P3
A

4 
su

bs
tr

at
e 

 C
on

co
m

ita
nt

 u
se

 r
es

ul
ts

 in
 s

lig
ht

ly
 

in
cr

ea
se

d 
C

SA
 e

xp
os

ur
e 

 T
itr

at
e 

C
SA

; u
til

iz
e 

w
ho

le
 b

lo
od

 C
SA

 
co

nc
en

tr
at

io
ns

 

 A
nt

if
un

ga
l 

 M
ic

af
un

gi
n/

ec
hi

no
ca

nd
in

 [
 36

 ] 
 SI

R
 

 U
nk

no
w

n 
 SI

R
 A

U
C

 is
 in

cr
ea

se
d 

by
 2

1 
%

; n
o 

ef
fe

ct
 o

n 
SI

R
  C

  ma
x  

 T
itr

at
e 

SI
R

; u
til

iz
e 

w
ho

le
 b

lo
od

 S
IR

 
co

nc
en

tr
at

io
ns

 

 A
nt

ib
ac

te
ri

al
 

 A
m

in
og

ly
co

si
de

s 
[ 8

1 ]
 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 A

dd
iti

ve
 n

ep
hr

ot
ox

ic
ity

 
 In

cr
ea

se
s 

ri
sk

 o
f 

ki
dn

ey
 in

ju
ry

 
 M

on
ito

r 
C

SA
/T

A
C

/S
IR

/E
V

R
 

co
nc

en
tr

at
io

n 
an

d 
ki

dn
ey

 f
un

ct
io

n 

(c
on

tin
ue

d)

4. Common Drug Interactions Encountered in Treating Transplant-Related Infection



54

 A
nt

i-
in

fe
ct

iv
e 

ca
te

go
ry

 
 A

nt
i-

in
fe

ct
iv

e 
ag

en
t/c

la
ss

 
 Im

m
un

os
up

pr
es

si
ve

 
ag

en
t o

r 
gr

ou
p 

of
 a

ge
nt

s 
 In

te
ra

ct
io

n 
 C

lin
ic

al
 e

ff
ec

t 
 M

an
ag

em
en

t 

 A
nt

ib
ac

te
ri

al
 

 C
hl

or
am

ph
en

ic
ol

 [
 82

 – 8
5 ]

 
 C

SA
 

 Po
te

nt
ia

l i
nh

ib
iti

on
 o

f 
C

Y
P3

A
4 

an
d 

2C
9 

(r
ap

id
 

on
se

t)
 

 In
cr

ea
se

s 
C

SA
 c

on
ce

nt
ra

tio
n 

by
 

ab
ou

t 5
0 

%
 

 M
on

ito
r 

C
SA

 c
on

ce
nt

ra
tio

n 
an

d 
ki

dn
ey

 
fu

nc
tio

n 

 A
nt

ib
ac

te
ri

al
 

 Q
ui

no
lo

ne
 a

nt
ib

io
tic

s 
[ 3

7 ]
: c

ip
ro

fl o
xa

ci
n,

 
ofl

 o
xa

ci
n,

 le
vo

fl o
xa

ci
n,

 m
ox

ifl 
ox

ac
in

 
 C

SA
 

 In
hi

bi
tio

n 
of

 C
Y

P3
A

4 
 In

cr
ea

se
s 

C
SA

 c
on

ce
nt

ra
tio

n 
 M

on
ito

r 
C

SA
 c

on
ce

nt
ra

tio
n 

 A
nt

ib
ac

te
ri

al
 

 Q
ui

no
lo

ne
 a

nt
ib

io
tic

s 
[ 8

6 ]
: c

ip
ro

fl o
xa

ci
n 

ofl
 o

xa
ci

n 
le

vo
fl o

xa
ci

n 
m

ox
ifl 

ox
ac

in
 

 TA
C

 
 In

hi
bi

tio
n 

of
 C

Y
P3

A
4 

 In
cr

ea
se

s 
TA

C
 c

on
ce

nt
ra

tio
n 

 L
ik

el
y 

no
t c

lin
ic

al
ly

 r
el

ev
an

t; 
m

on
ito

r 
TA

C
 c

on
ce

nt
ra

tio
n 

 A
dd

iti
ve

 Q
T

c 
pr

ol
on

ga
tio

n 
 In

cr
ea

se
s 

ri
sk

 o
f 

to
rs

ad
e 

de
 p

oi
nt

es
 

 M
on

ito
r 

el
ec

tr
oc

ar
di

og
ra

m
 f

or
 Q

T
c 

pr
ol

on
ga

tio
n 

 A
nt

ib
ac

te
ri

al
 

 Q
ui

no
lo

ne
 a

nt
ib

io
tic

s 
[ 2

0 ]
: c

ip
ro

fl o
xa

ci
n,

 
ofl

 o
xa

ci
n,

 le
vo

fl o
xa

ci
n,

 m
ox

ifl 
ox

ac
in

 
 SI

R
 

 In
hi

bi
tio

n 
of

 C
Y

P3
A

4 
 In

cr
ea

se
s 

SI
R

 c
on

ce
nt

ra
tio

n 
 U

nc
er

ta
in

 c
lin

ic
al

 s
ig

ni
fi c

an
ce

; m
on

ito
r 

SI
R

 c
on

ce
nt

ra
tio

n 

 A
nt

ib
ac

te
ri

al
 

 L
in

ez
ol

id
, t

ed
iz

ol
id

 [
 87

 ] 
 A

Z
A

/M
M

F 
 A

dd
iti

ve
 b

on
e 

m
ar

ro
w

 
su

pp
re

ss
io

n 
 In

cr
ea

se
d 

ri
sk

 o
f 

th
ro

m
bo

cy
to

pe
ni

a,
 

le
uk

op
en

ia
, a

nd
 a

ne
m

ia
 

 M
on

ito
r 

C
B

C
 a

nd
 u

se
 li

m
ite

d 
co

ur
se

 o
r 

se
le

ct
 a

lte
rn

at
iv

es
 

 A
nt

ib
ac

te
ri

al
 

 M
ac

ro
lid

e 
an

tib
io

tic
s:

 c
la

ri
th

ro
m

yc
in

 
[ 4

8 –
 50

 ],
 e

ry
th

ro
m

yc
in

 [
 51

 – 5
3 ]

, 
te

lit
hr

om
yc

in
, a

zi
th

ro
m

yc
in

 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 In

hi
bi

tio
n 

of
 C

Y
P3

A
4 

 Si
gn

ifi 
ca

nt
 in

cr
ea

se
 in

 C
SA

/T
A

C
/

SI
R

 c
on

ce
nt

ra
tio

ns
 

 A
vo

id
 c

on
co

m
ita

nt
 u

se
 w

he
ne

ve
r 

po
ss

ib
le

; c
on

si
de

r 
az

ith
ro

m
yc

in
 [

 54
 ] 

 If
 c

oa
dm

in
is

tr
at

io
n 

is
 n

ec
es

sa
ry

, 
em

pi
ri

ca
lly

 r
ed

uc
e 

C
SA

/T
A

C
/S

IR
/

E
V

R
 d

os
es

, m
on

ito
r 

C
SA

/T
A

C
/S

IR
/

E
V

R
 w

ho
le

 b
lo

od
 c

on
ce

nt
ra

tio
ns

; 
tit

ra
te

 C
SA

/T
A

C
/S

IR
/E

V
R

 d
os

e 

 TA
C

 
 A

dd
iti

ve
 Q

T
c 

pr
ol

on
ga

tio
n 

 In
cr

ea
se

s 
ri

sk
 o

f 
to

rs
ad

e 
de

 p
oi

nt
es

 
 M

on
ito

r 
el

ec
tr

oc
ar

di
og

ra
m

 f
or

 Q
T

c 
pr

ol
on

ga
tio

n 

 A
nt

ib
ac

te
ri

al
 

 M
et

ro
ni

da
zo

le
 [

 37
 ,  8

8 ]
 

 C
SA

/T
A

C
 

 In
hi

bi
tio

n 
of

 C
Y

P3
A

4 
 In

cr
ea

se
s 

C
SA

/T
A

C
 c

on
ce

nt
ra

tio
n 

 M
on

ito
r 

C
SA

/T
A

C
 c

on
ce

nt
ra

tio
n 

 A
nt

ib
ac

te
ri

al
 

 N
af

ci
lli

n 
[ 8

9 ]
 

 C
SA

 
 U

nk
no

w
n 

m
ec

ha
ni

sm
 

 In
cr

ea
se

s 
C

SA
 c

on
ce

nt
ra

tio
n 

 M
on

ito
r 

C
SA

 c
on

ce
nt

ra
tio

n 

 A
nt

ib
ac

te
ri

al
 

 R
if

am
pi

n 
[ 3

2 ]
 

 M
M

F 
 U

nk
no

w
n 

 M
aj

or
 r

ed
uc

tio
n 

in
 M

PA
 A

U
C

 0–
12

 h
  

 C
on

si
de

r 
M

PA
 d

ru
g 

m
on

ito
ri

ng
 w

hi
le

 
on

 r
if

am
pi

n 
[ 9

0 ]
 

 A
nt

ib
ac

te
ri

al
 

 R
if

am
pi

n/
ri

fa
bu

tin
 

 M
M

F 
 In

du
ct

io
n 

of
 th

e 
ur

id
in

e 
di

ph
os

ph
at

e 
gl

uc
ur

on
os

yl
 

tr
an

sf
er

as
e 

in
 th

e 
ki

dn
ey

, 
liv

er
, a

nd
 in

te
st

in
es

 

 A
nt

ib
ac

te
ri

al
 

 R
if

am
pi

n 
[ 1

5 ,
  2

0 ,
  3

9 ,
  4

0 ]
 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 In

du
ct

io
n 

of
 C

Y
P3

A
4-

 
m

ed
ia

te
d 

C
SA

/T
A

C
/S

IR
/

E
V

R
 m

et
ab

ol
is

m
 

 D
ec

re
as

e 
in

 p
la

sm
a 

C
SA

/T
A

C
/S

IR
/

E
V

R
 c

on
ce

nt
ra

tio
ns

 
 T

itr
at

e 
C

SA
/T

A
C

/S
IR

/E
V

R
 d

os
e;

 
ut

ili
ze

 C
SA

/T
A

C
/S

IR
/E

V
R

 w
ho

le
 

bl
oo

d 
co

nc
en

tr
at

io
ns

 

 C
on

si
de

r 
ri

fa
bu

tin
 if

 a
pp

ro
pr

ia
te

 [
 41

 ] 

 A
nt

ih
ep

ac
iv

ir
al

 
 Pr

ot
ea

se
 in

hi
bi

to
rs

 [
 61

 ]:
 b

oc
ep

re
vi

r, 
te

la
pr

ev
ir

 
 C

SA
/T

A
C

/S
IR

/E
V

R
 

 C
Y

P3
A

4 
in

hi
bi

tio
n 

 Si
gn

ifi 
ca

nt
 in

cr
ea

se
 in

 C
SA

/T
A

C
/

SI
R

/E
V

R
 c

on
ce

nt
ra

tio
ns

 
 W

he
n 

in
iti

at
in

g 
C

SA
/T

A
C

/S
IR

/E
V

R
, 

us
e 

lo
w

 d
os

es
, a

nd
 u

til
iz

e 
w

ho
le

 
bl

oo
d 

co
nc

en
tr

at
io

ns
 to

 d
et

er
m

in
e 

th
e 

do
si

ng
 in

te
rv

al
; m

ay
 n

ee
d 

to
 

ut
ili

ze
 li

qu
id

 f
or

m
ul

at
io

ns
 to

 a
ch

ie
ve

 
sm

al
l o

ra
l d

os
es

 

 T
itr

at
e 

C
SA

/T
A

C
/S

IR
/E

V
R

 d
os

e 
an

d/
or

 
in

te
rv

al
; u

til
iz

e 
C

SA
/T

A
C

/S
IR

/E
V

R
 

w
ho

le
 b

lo
od

 c
on

ce
nt

ra
tio

n 

T
A

B
L

E
 4

-3
. 

(c
on

tin
ue

d)

H.W. Boucher and S.M. Wiehe



55
 A

nt
i-

in
fe

ct
iv

e 
ca

te
go

ry
 

 A
nt

i-
in

fe
ct

iv
e 

ag
en

t/c
la

ss
 

 Im
m

un
os

up
pr

es
si

ve
 

ag
en

t o
r 

gr
ou

p 
of

 a
ge

nt
s 

 In
te

ra
ct

io
n 

 C
lin

ic
al

 e
ff

ec
t 

 M
an

ag
em

en
t 

 A
nt

ih
ep

ac
iv

ir
al

 
 Pr

ot
ea

se
 in

hi
bi

to
r 

[ 9
1 ,

  9
2 ]

: s
im

ep
re

vi
r 

 C
SA

 
 Po

ss
ib

le
 in

te
st

in
al

 C
Y

P3
A

4/
P-

gp
 in

hi
bi

tio
n 

by
 

si
m

ep
re

vi
r 

 In
cr

ea
se

 in
 b

ot
h 

si
m

ep
re

vi
r 

an
d 

C
SA

 c
on

ce
nt

ra
tio

ns
 

 M
on

ito
r 

C
SA

 w
ho

le
 b

lo
od

 
co

nc
en

tr
at

io
n 

 M
on

ito
r 

fo
r 

in
cr

ea
se

d 
si

de
 e

ff
ec

ts
 o

f 
si

m
ep

re
vi

r 
or

 a
vo

id
 c

om
bi

na
tio

n 
 In

hi
bi

tio
n 

of
 C

Y
P3

A
4 

an
d 

P-
gp

 b
y 

C
SA

 

 TA
C

 
 U

nk
no

w
n 

 M
ay

 d
ec

re
as

e 
TA

C
 c

on
ce

nt
ra

tio
ns

 
 M

in
im

al
 c

lin
ic

al
 s

ig
ni

fi c
an

ce
 

 M
on

ito
r 

TA
C

 w
ho

le
 b

lo
od

 
co

nc
en

tr
at

io
n 

 A
nt

iv
ir

al
 

 A
cy

cl
ov

ir
, g

an
ci

cl
ov

ir
 [

 27
 ,  3

4 ]
 

 M
M

F 
 T

he
 a

nt
iv

ir
al

 a
nd

 M
PA

G
 

co
m

pe
te

 f
or

 r
en

al
 tu

bu
la

r 
se

cr
et

io
n;

 p
ar

tic
ul

ar
ly

 in
 

re
na

l i
m

pa
ir

m
en

t 

 R
is

k 
fo

r 
in

cr
ea

se
d 

ac
yc

lo
vi

r, 
ga

nc
ic

lo
vi

r, 
an

d 
M

PA
G

 
co

nc
en

tr
at

io
ns

 (
ev

id
en

ce
 o

f 
in

cr
ea

se
d 

an
tiv

ir
al

 le
ve

ls
) 

 U
se

 c
om

bi
na

tio
n 

w
ith

 c
au

tio
n 

in
 r

en
al

 
in

su
ffi

 c
ie

nc
y;

 m
on

ito
r 

C
B

C
 

 A
nt

iv
ir

al
 

 Fo
sc

ar
ne

t [
 93

 ] 
 C

SA
/T

A
C

/S
IR

/E
V

R
 

 A
dd

iti
ve

 n
ep

hr
ot

ox
ic

ity
 

 In
cr

ea
se

s 
ri

sk
 o

f 
ki

dn
ey

 in
ju

ry
 

 M
on

ito
r 

C
SA

/T
A

C
/S

IR
/E

V
R

 
co

nc
en

tr
at

io
n 

an
d 

ki
dn

ey
 f

un
ct

io
n 

 A
nt

ir
et

ro
vi

ra
l 

 N
N

R
T

I:
 e

fa
vi

re
nz

, e
tr

av
ir

in
e,

 n
ev

ir
ap

in
e 

[ 1
5 ,

  5
8 ,

  9
4 ,

  9
5 ]

 
 C

SA
/T

A
C

/S
IR

/E
V

R
 

 In
du

ct
io

n 
of

 C
Y

P3
A

4-
 

m
ed

ia
te

d 
C

SA
/T

A
C

/S
IR

/
E

V
R

 m
et

ab
ol

is
m

 

 D
ec

re
as

e 
in

 p
la

sm
a 

C
SA

/T
A

C
/S

IR
 

co
nc

en
tr

at
io

ns
 

 T
itr

at
e 

C
SA

/T
A

C
/S

IR
/E

V
R

 d
os

e;
 

ut
ili

ze
 C

SA
/T

A
C

/S
IR

/E
V

R
 w

ho
le

 
bl

oo
d 

co
nc

en
tr

at
io

ns
 

 A
nt

ir
et

ro
vi

ra
l 

 N
ev

ir
ap

in
e 

[ 3
0 ]

 
 M

M
F 

 C
om

pe
tit

io
n 

fo
r 

an
d/

or
 

al
te

re
d 

en
te

ro
he

pa
tic

 
re

cy
cl

in
g 

 Sl
ig

ht
 b

ut
 s

ig
ni

fi c
an

t r
ed

uc
tio

n 
in

 
ne

vi
ra

pi
ne

 e
xp

os
ur

e;
 u

nk
no

w
n 

ef
fe

ct
 o

n 
M

PA
 

 N
o 

re
co

m
m

en
da

tio
ns

 h
av

e 
be

en
 m

ad
e 

 A
nt

ir
et

ro
vi

ra
l 

 A
nt

i-
H

IV
 p

ro
te

as
e 

in
hi

bi
to

rs
 [

 58
 ]:

 
am

pr
en

av
ir

, a
ta

za
na

vi
r, 

da
ru

na
vi

r, 
fo

sa
m

pr
en

av
ir

, i
nd

in
av

ir
, l

op
in

av
ir

 [
 59

 , 
 60

 ],
 n

el
fi n

av
ir

, r
ito

na
vi

r 
[ 5

9 ,
  6

0 ]
, 

sa
qu

in
av

ir
 

 C
SA

/T
A

C
/S

IR
/E

V
R

 
 C

Y
P3

A
4 

in
hi

bi
tio

n 
 Si

gn
ifi 

ca
nt

 in
cr

ea
se

 in
 C

SA
/T

A
C

/
SI

R
/E

V
R

 c
on

ce
nt

ra
tio

ns
 

 W
he

n 
in

iti
at

in
g 

C
SA

/T
A

C
/S

IR
/E

V
R

, 
us

e 
lo

w
 d

os
es

, a
nd

 u
til

iz
e 

w
ho

le
 

bl
oo

d 
co

nc
en

tr
at

io
ns

 to
 d

et
er

m
in

e 
th

e 
do

si
ng

 in
te

rv
al

; m
ay

 n
ee

d 
to

 
ut

ili
ze

 li
qu

id
 f

or
m

ul
at

io
ns

 to
 a

ch
ie

ve
 

sm
al

l o
ra

l d
os

es
 

 T
itr

at
e 

C
SA

/T
A

C
/S

IR
/E

V
R

 d
os

e 
an

d/
or

 
in

te
rv

al
; u

til
iz

e 
C

SA
/T

A
C

/S
IR

/E
V

R
 

w
ho

le
 b

lo
od

 c
on

ce
nt

ra
tio

n 

  E
fa

vi
re

nz
: i

nd
uc

tio
n 

in
cr

ea
se

s 
(m

or
e 

ra
pi

d 
C

L
) 

TA
C

 a
nd

 C
SA

 a
nd

 p
re

dn
is

ol
on

e.
 

  A
bb

re
vi

at
io

ns
 :  C

SA
  c

yc
lo

sp
or

in
e 

(N
eo

ra
l, 

Sa
nd

im
m

un
e)

,  T
A

C
  ta

cr
ol

im
us

 (
Pr

og
ra

f,
 A

st
ag

ra
f 

X
L

),
  S

IR
  s

ir
ol

im
us

 (
R

ap
am

un
e)

,  E
V

R
  e

ve
ro

lim
us

 (
Z

or
tr

es
s)

,  M
M

F
  m

yc
op

he
no

la
te

 m
of

et
il 

(C
el

lC
ep

t)
,  A

Z
A

  a
za

-
th

io
pr

in
e 

(I
m

ur
an

),
  H

IV
  h

um
an

 im
m

un
od

efi
 c

ie
nc

y 
vi

ru
s,

  H
C

V
  h

ep
at

iti
s 

C
 v

ir
us

.  

4. Common Drug Interactions Encountered in Treating Transplant-Related Infection



56

         References 

    1.    Schrem H, Luck R, Becker T, et al. Update on liver transplanta-
tion using cyclosporine. Transplant Proc. 2004;36:2525–31.  

    2.    Matsuda H, Iwasaki K, Shiraga T, et al. Interactions of FK506 
(tacrolimus) with clinically important drugs. Res Commun Mol 
Pathol Pharmacol. 1996;91:57–64.  

    3.    Vitko S, Wlodarczyk Z, Kyllonen L, et al. Tacrolimus combined 
with two different dosages of sirolimus in kidney transplantation: 
results of a multicenter study. Am J Transplant. 2006;6:531–8.  

   4.    Blum CB. Effects of sirolimus on lipids in renal allograft recipi-
ents: an analysis using the Framingham risk model. Am 
J Transplant. 2002;2:551–9.  

   5.    Morelon E, Stern M, Israel-Biet D, et al. Characteristics of 
sirolimus- associated interstitial pneumonitis in renal transplant 
patients. Transplantation. 2001;72:787–90.  

    6.    Tedesco-Silva H, Cibrik D, Johnston T, et al. Everolimus plus 
reduced-exposure CsA versus mycophenolic acid plus standard 
exposure to CsA in renal-transplant recipients. Am J Transplant. 
2010;10:1401–14.  

      7.    Halloran PF. Immunosuppressive drugs for kidney transplanta-
tion. N Engl J Med. 2004;351:2715–29.  

    8.    Wyzgal J, Niemczyk M, Ziolkowski J, et al. Results of a 
6-month, multicenter, open-label, prospective study concerning 
effi cacy and safety of mycophenolate sodium in de novo kidney 
transplant recipients. Transplant Proc. 2007;39:2730–2.  

    9.    Kennedy DT, Hayney MS, Lake KD. Azathioprine and allopu-
rinol: the price of an avoidable drug interaction. Ann 
Pharmacother. 1996;30:951–4.  

    10.    Sparrow MP, Hande SA, Friedman S, et al. Effect of allopurinol 
on clinical outcomes in infl ammatory bowel disease nonre-
sponders to azathioprine or 6-mercaptopurine. Clin 
Gastroenterol Hepatol. 2007;5:209–14.  

    11.    Szumlanski CL, Weinshilboum RM. Sulphasalazine inhibition 
of thiopurine methyltransferase: possible mechanism for inter-
action with 6-mercaptopurine and azathioprine. Br J Clin 
Pharmacol. 1995;39:456–9.  

    12.    Dewit O, Vanheuverzwyn R, Desager JP, et al. Interaction 
between azathioprine and aminosalicylates: an in vivo study in 
patients with Crohn’s disease. Aliment Pharmacol Ther. 
2002;16:79–85.  

    13.    Roblin X, Serre-Debeauvais F, Phelip JM, et al. Drug interac-
tion between infl iximab and azathioprine in patients with 
Crohn’s disease. Aliment Pharmacol Ther. 2003;18:917–25.  

    14.    Vazquez SR, Rondina MT, Pendleton RC. Azathioprine-
induced warfarin resistance. Ann Pharmacother. 2008;42:
1118–23.  

             15.   Zortress (everolimus) prescribing information. East Hanover: 
Novartis Pharmaceuticals Corporation; 2015.  

     16.    Rostaing L, Christiaans M, Kovarik J, et al. The pharmacokinet-
ics of everolimus in de novo kidney transplant patients receiv-
ing tacrolimus: an analysis from the randomized ASSET study. 
Ann Transplant. 2014;19:337–45.  

     17.    Hebert MF, Townsend RW, Austin S, et al. Concomitant cyclo-
sporine and micafungin pharmacokinetics in healthy volun-
teers. J Clin Pharmacol. 2005;45:954–60.  

     18.    Gregoor PJ, de Sevaux RG, Hene RJ, et al. Effect of cyclospo-
rine on mycophenolic acid trough levels in kidney transplant 
recipients. Transplantation. 1999;68:1603–6.  

     19.    Smak Gregoor PJ, van Gelder T, Hesse CJ, et al. Mycophenolic 
acid plasma concentrations in kidney allograft recipients with 
or without cyclosporin: a cross-sectional study. Nephrol Dial 
Transplant. 1999;14:706–8.  

            20.   Rapamune (sirolimus) prescribing information. Philadelphia: 
Pfi zer; 2015.  

   21.    Kaplan B, Meier-Kriesche HU, Napoli KL, et al. The effects of 
relative timing of sirolimus and cyclosporine microemulsion 
formulation coadministration on the pharmacokinetics of each 
agent. Clin Pharmacol Ther. 1998;63:48–53.  

     22.    Zimmerman JJ, Harper D, Getsy J, et al. Pharmacokinetic inter-
actions between sirolimus and microemulsion cyclosporine 
when orally administered jointly and 4 hours apart in healthy 
volunteers. J Clin Pharmacol. 2003;43:1168–76.  

     23.    Asberg A. Interactions between cyclosporin and lipid-lowering 
drugs: implications for organ transplant recipients. Drugs. 
2003;63:367–78.  

   24.   Zocor (simvastatin) prescribing information. Cramlington: 
Merck & Co.; 1999–2015.  

   25.   Crestor (rosuvastatin) prescribing information. Wilmington: 
AstraZeneca Pharmaceuticals LP; 2013.  

     26.    Riella L, Gabardi S, Chandraker A. Dyslipidemia and its thera-
peutic challenges in renal transplantation. Am J Transplant. 
2012;12:1975–82.  

        27.   Cellcept (mycophenolate mofetil) prescribing information. 
South San Francisco: Genentech; 2013.  

    28.    Morii M, Ueno K, Ogawa A, et al. Impairment of mycopheno-
late mofetil absorption by iron ion. Clin Pharmacol Ther. 
2000;68:613–6.  

    29.    Bullingham R, Shah J, Goldblum R, et al. Effects of food and 
antacid on the pharmacokinetics of single doses of mycopheno-
late mofetil in rheumatoid arthritis patients. Br J Clin Pharmacol. 
1996;41:513–6.  

     30.    Sankatsing SU, Hoggard PG, Huitema AD, et al. Effect of 
mycophenolate mofetil on the pharmacokinetics of antiretrovi-
ral drugs and on intracellular nucleoside triphosphate pools. 
Clin Pharmacokinet. 2004;43:823–32.  

    31.    Knorr J, Sjeime M, Braitman L, et al. Concomitant proton 
pump inhibitors with mycophenolate mofetil and the risk of 
rejection in kidney transplant recipients. Transplantation. 
2014;97:518–24.  

     32.    Kuypers DR, Verleden G, Naesens M, et al. Drug interaction 
between mycophenolate mofetil and rifampin: possible induc-
tion of uridine diphosphate-glucuronosyltransferase. Clin 
Pharmacol Ther. 2005;78:81–8.  

    33.    Pieper AK, Buhle F, Bauer S, et al. The effect of sevelamer on 
the pharmacokinetics of cyclosporin A and mycophenolate 
mofetil after renal transplantation. Nephrol Dial Transplant. 
2004;19:2630–3.  

        34.   Myfortic (mycophenolic acid) prescribing information. Vol. 
2008. East Hanover: Novartis Pharmaceuticals Corporation; 
2008.  

    35.   Zu W. Cyclosporine is associated with decreased absolute bio-
availability of mycophenolic acid. Presented at the American 
Transplant Congress, Chicago; 2001.  

     36.   Mycamine (micafungin) prescribing information. Vol. 2008. 
Deerfi eld: Astellas Pharmaceuticals; 2008.  

      37.   Neoral (cyclosporine microemulsion) prescribing information. 
Vol. 2009. Novartis Laboratories; 2009.  

H.W. Boucher and S.M. Wiehe



57

    38.   Prograf (tacrolimus) prescribing information. Vol. 2009. 
Deerfi eld: Astellas Pharmaceuticals; 2009.  

     39.    Hebert MF, Fisher RM, Marsh CL, et al. Effects of rifampin on 
tacrolimus pharmacokinetics in healthy volunteers. J Clin 
Pharmacol. 1999;39:91–6.  

     40.    Freitag VL, Skifton RD, Lake KD. Effect of short-term rifampin 
on stable cyclosporine concentrations. Ann Pharmacother. 
1999;33:871–2.  

     41.    Lopez-Montes A, Gallego E, Lopez E, et al. Treatment of tuber-
culosis with rifabutin in a renal transplant recipient. Am 
J Kidney Dis. 2004;44:e59–63.  

    42.    Ernst E. St John’s Wort supplements endanger the success of 
organ transplantation. Arch Surg. 2002;137:316–9.  

    43.    Hebert MF, Park JM, Chen YL, et al. Effects of St. John’s Wort 
(Hypericum perforatum) on tacrolimus pharmacokinetics in 
healthy volunteers. J Clin Pharmacol. 2004;44:89–94.  

    44.    Chitwood KK, Abdul-Haqq AJ, Heim-Duthoy KL. Cyclosporine 
amiodarone interaction. Ann Pharmacother. 1993;27:569–71.  

    45.    Borras-Blasco J, Rosique-Robles JD, Peris-Marti J, et al. 
Possible cyclosporin–danazol interaction in a patient with 
aplastic anaemia. Am J Hematol. 1999;62:63–4.  

    46.    Garton T. Nefazodone and cyp450 3a4 interactions with cyclo-
sporine and tacrolimus1. Transplantation. 2002;74:745.  

    47.    Kane GC, Lipsky JJ. Drug–grapefruit juice interactions. Mayo 
Clin Proc. 2000;75:933–42.  

     48.    Capone D, Palmiero G, Gentile A, et al. A pharmacokinetic 
interaction between clarithromycin and sirolimus in kidney 
transplant recipient. Curr Drug Metab. 2007;8:379–81.  

   49.    Kunicki PK, Sobieszczanska-Malek M. Pharmacokinetic inter-
action between tacrolimus and clarithromycin in a heart trans-
plant patient. Ther Drug Monit. 2005;27:107–8.  

     50.    Sadaba B, Lopez de Ocariz A, Azanza JR, et al. Concurrent 
clarithromycin and cyclosporin A treatment. J Antimicrob 
Chemother. 1998;42:393–5.  

       51.    Zimmerman JJ. Exposure–response relationships and drug 
interactions of sirolimus. AAPS J. 2004;6, e28.  

   52.    Padhi ID, Long P, Basha M, et al. Interaction between tacroli-
mus and erythromycin. Ther Drug Monit. 1997;19:120–2.  

     53.    Kovarik J, Beyer D, Bixot M, et al. Effect of multiple-dose 
erythromycin on everolimus pharmacokinetics. Eur J Clin 
Pharmacol. 2005;61(1):35–8.  

     54.    Rapp RP. Pharmacokinetics and pharmacodynamics of intrave-
nous and oral azithromycin: enhanced tissue activity and mini-
mal drug interactions. Ann Pharmacother. 1998;32:785–93.  

    55.    Bottiger Y, Sawe J, Brattstrom C, et al. Pharmacokinetic inter-
action between single oral doses of diltiazem and sirolimus in 
healthy volunteers. Clin Pharmacol Ther. 2001;69:32–40.  

   56.    Jones TE, Morris RG. Pharmacokinetic interaction between 
tacrolimus and diltiazem: dose–response relationship in kidney 
and liver transplant recipients. Clin Pharmacokinet. 
2002;41:381–8.  

     57.    Sketris IS, Methot ME, Nicol D, et al. Effect of calcium-chan-
nel blockers on cyclosporine clearance and use in renal trans-
plant patients. Ann Pharmacother. 1994;28:1227–31.  

      58.    Frassetto LA, Browne M, Cheng A, et al. Immunosuppressant 
pharmacokinetics and dosing modifi cations in HIV–1 infected 
liver and kidney transplant recipients. Am J Transplant. 
2007;7:2816–20.  

       59.    Vogel M, Voigt E, Michaelis HC, et al. Management of drug-to- 
drug interactions between cyclosporine A and the protease- 

inhibitor lopinavir/ritonavir in liver-transplanted HIV-infected 
patients. Liver Transpl. 2004;10:939–44.  

       60.    Schonder KS, Shullo MA, Okusanya O. Tacrolimus and lopina-
vir/ritonavir interaction in liver transplantation. Ann 
Pharmacother. 2003;37:1793–6.  

     61.    Tischer S, Fontana R. Drug-drug interactions with oral anti-
HCV agents and idiosyncratic hepatotoxicity in the liver trans-
plant setting. J Hepatol. 2014;60(4):872–84.  

     62.    Leather H, Boyette RM, Tian L, et al. Pharmacokinetic evalua-
tion of the drug interaction between intravenous itraconazole 
and intravenous tacrolimus or intravenous cyclosporin A in 
allogeneic hematopoietic stem cell transplant recipients. Biol 
Blood Marrow Transplant. 2006;12:325–34.  

     63.    Said A, Garnick JJ, Dieterle N, et al. Sirolimus–itraconazole 
interaction in a hematopoietic stem cell transplant recipient. 
Pharmacotherapy. 2006;26:289–95.  

       64.    Moton A, Ma L, Krishna G, et al. Effects of oral posaconazole 
on the pharmacokinetics of sirolimus. Curr Med Res Opin. 
2009;25:701–7.  

     65.    Sansone-Parsons A, Krishna G, Martinho M, et al. Effect of oral 
posaconazole on the pharmacokinetics of cyclosporine and 
tacrolimus. Pharmacotherapy. 2007;27:825–34.  

     66.    Tintillier M, Kirch L, Goffi n E, et al. Interaction between vori-
conazole and tacrolimus in a kidney-transplanted patient. 
Nephrol Dial Transplant. 2005;20:664–5.  

     67.   Cresemba (isavuconazonium sulfate) prescribing information. 
Northbrook: Astellas Pharmaceuticals; 2015.  

     68.    Mihara A, Mori T, Aisa Y, et al. Greater impact of oral fl ucon-
azole on drug interaction with intravenous calcineurin inhibi-
tors as compared with intravenous fl uconazole. Eur J Clin 
Pharmacol. 2008;64:89–91.  

     69.    Cervelli MJ. Fluconazole–sirolimus drug interaction. 
Transplantation. 2002;74:1477–8.  

     70.    Vasquez E, Pollak R, Benedetti E. Clotrimazole increases tacro-
limus blood levels: a drug interaction in kidney transplant 
patients. Clin Transplant. 2001;15:95–9.  

     71.    Vasquez E, Shin G, Sifontis N, et al. Concomitant clotrimazole 
therapy more than doubles oral relative oral bioavailability of 
tacrolimus. Ther Drug Monit. 2005;27:587–91.  

     72.   Noxafi l (posaconazole) prescribing information. Vol. 2009. 
Kenilworth: Schering Corporation; 2006.  

     73.   Vfend (voriconazole) prescribing information. Vol. 2008. 
New York: Pfi zer; 2008.  

     74.    Surowiec D, DePestel DD, Carver PL. Concurrent administra-
tion of sirolimus and voriconazole: a pilot study assessing 
safety and approaches to appropriate management. 
Pharmacotherapy. 2008;28:719–29.  

    75.    Bullingham RE, Nicholls AJ, Kamm BR. Clinical pharmacoki-
netics of mycophenolate mofetil. Clin Pharmacokinet. 
1998;34:429–55.  

    76.    Lam S, Partovi N, Ting LS, et al. Corticosteroid interactions 
with cyclosporine, tacrolimus, mycophenolate, and sirolimus: 
fact or fi ction? Ann Pharmacother. 2008;42:1037–47.  

    77.    Saner F, Gensicke J, Rath P, et al. Safety profi le of concomitant 
use of caspofungin and cyclosporine or tacrolimus in liver 
transplant patients. Infection. 2006;34:328–32.  

   78.    Christopeit M, Eikam M, Behre G. Comedication of caspofun-
gin acetate and cyclosporine A after allogeneic haematopoietic 
stem cell transplantation leads to negligible hepatotoxicity. 
Mycoses. 2008;51 Suppl 1:19–24.  

4. Common Drug Interactions Encountered in Treating Transplant-Related Infection



58

   79.    Sanz-Rodriguez C, Arranz R, Cisneros JM, et al. Absence of 
clinically relevant effect of caspofungin on cyclosporin pharma-
cokinetics. Swiss Med Wkly. 2005;135:658–9.  

    80.    Marr KA, Hachem R, Papanicolaou G, et al. Retrospective 
study of the hepatic safety profi le of patients concomitantly 
treated with caspofungin and cyclosporin A. Transpl Infect Dis. 
2004;6:110–6.  

    81.    Sands M, Brown RB. Interactions of cyclosporine with antimi-
crobial agents. Rev Infect Dis. 1989;11:691–7.  

    82.    Bui L, Huang DD. Possible interaction between cyclosporine 
and chloramphenicol. Ann Pharmacother. 1999;33:252–3.  

   83.    Steinfort CL, McConachy KA. Cyclosporin–chloramphenicol 
drug interaction in a heart–lung transplant recipient. Med 
J Aust. 1994;161:455.  

   84.    Taber DJ, Dupuis RE, Hollar KD, et al. Drug–drug interaction 
between chloramphenicol and tacrolimus in a liver transplant 
recipient. Transplant Proc. 2000;32:660–2.  

    85.    Schulman SL, Shaw LM, Jabs K, et al. Interaction between 
tacrolimus and chloramphenicol in a renal transplant recipient. 
Transplantation. 1998;65:1397–8.  

    86.    Paterson DL, Singh N. Interactions between tacrolimus and 
antimicrobial agents. Clin Infect Dis. 1997;25:1430–40.  

    87.   Tedizolid FDA Briefi ng Document. March 31, 2014.   http://
www.fda.gov/downloads/AdvisoryCommittees/Committees

MeetingMaterials/Drugs/Anti- InfectiveDrugsAdvisory
Committee/UCM390790.pdf    . Accessed 4 Aug 2015.  

    88.    Page 2nd RL, Klem PM, Rogers C. Potential elevation of tacro-
limus trough concentrations with concomitant metronidazole 
therapy. Ann Pharmacother. 2005;39:1109–13.  

    89.    Jahansouz F, Kriett JM, Smith CM, et al. Potentiation of cyclo-
sporine nephrotoxicity by nafcillin in lung transplant recipients. 
Transplantation. 1993;55:1045–8.  

    90.    Baciewicz AM, Chrisman CR, Finch CK, et al. Update on rifampin 
and rifabutin drug interactions. Am J Med Sci. 2008;335:126–36.  

    91.   Olysio (simeprevir) prescribing information. Titusville: Janssen 
Therapeutics; 2015.  

    92.    Pungpapong S, Aqel B, Leise M, et al. Multicenter experience 
using simeprevir and sofosbuvir with or without ribavirin to 
treat hepatitis C genotype 1 after liver transplant. Hepatology. 
2015;61(6):1880–6.  

    93.    Morales JM, Munoz MA, Fernandez Zatarain G, et al. 
Reversible acute renal failure caused by the combined use of 
foscarnet and cyclosporin in organ transplanted patients. 
Nephrol Dial Transplant. 1995;10:882–3.  

    94.    Tseng A, Nguyen ME, Cardella C, et al. Probable interaction 
between efavirenz and cyclosporine. AIDS. 2002;16:505–6.  

    95.   Intelence (etravirine) prescribing information. Vol. 2009. 
Raritan: Tibotec; 2009.    

H.W. Boucher and S.M. Wiehe

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM390790.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM390790.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM390790.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM390790.pdf

	4: Common Drug Interactions Encountered in Treating Transplant-­Related Infection
	References


