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ABSTRACT

Infections are frequent and can be severe in recipients of solid organ transplantation. Prevention and
treatment are priority objectives of multidisciplinary transplant teams. Interactions between antimicrobials
(indicated for prevention and therapy) and immunosuppressants (for preventing rejection) make treatment
more complex than in the general population. Co-administration of immunosuppressants and antibiotics
can cause harmful interactions, modifying the pharmacokinetic and pharmacodynamic characteristics of
both groups of drugs. The loss of the transplanted organ due to reduced levels of immunosuppressants is a
unique consequence of the often lethal interactions in this group of patients. By contrast, elevated levels of
these drugs cause toxicity, and reduced concentrations of antimicrobial treatment fail to contain the
infection. Azoles, rifabutin, protease inhibitors, non-nucleoside reverse transcriptase inhibitors and
antimicrobial macrolides all interact with immunosuppressants. In this article, we review interactions
between antibiotics and immunosuppressants in order to adopt the most appropriate clinical approach
(dosage adjustments, close monitoring of plasma levels and organ function) and determine whether they
can be used together with any measure of safety.

© 2011 Elsevier Espaiia, S.L. All rights reserved.

Interacciones entre antimicrobianos y firmacos inmunosupresores en receptores
de trasplante de organo sélido

RESUMEN

Las infecciones son frecuentes y mas graves en receptores de trasplante de 6rgano sélido. La prevencién y
tratamiento es una prioridad objetiva de los equipos multidisciplinarios de trasplante. Las interacciones
entre el antimicrobiano indicado para prevencién y tratamiento y los inmunosupresores para prevenir el
rechazo, hacen mas complejo al tratamiento que en la poblacién general. La coadministracién de inmuno-
supresores y antibiéticos puede causar interacciones perjudiciales, modificando las caracteristicas farma-
cocinéticas y farmacodinamicas de ambos grupos de farmacos. La pérdida del 6rgano trasplantado por los
niveles reducidos del inmunosupresor es una consecuencia excepcional de las interacciones en este grupo
de pacientes, a menudo letal. Por el contrario, los niveles elevados de estos firmacos causan toxicidad y las
concentraciones reducidas de antimicrobianos, fallo del tratamiento de la infeccién. Los azoles, la rifabuti-
na, los inhibidores de la proteasa, los inhibidores no nucleésidos de la transcriptasa reversa y los antibioti-
cos macroélidos son los farmacos que presentan mas interacciones con los inmunosupresores. En este capi-
tulo revisamos las interacciones entre los antibiéticos y los inmunosupresores para, en consecuencia,
adoptar la decisién clinica mas conveniente: ajustar las dosis de los farmacos, realizar un control exhausti-
vo de los niveles plasmaticos o del funcionamiento del 6rgano o, por el contrario, si pueden ser utilizados
con seguridad.
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Antibacterial and immunosuppressive drug interactions in solid
organ transplant recipients

The following interactions have been observed between
immunosuppressive drugs used for solid organ transplant (SOT)
patients and antibacterial drugs. The text shows the most relevant
interactions; for additional information, please refer to Tables 1 to 7.

Aminoglycosides (Table 1)

Since the nephrotoxicity of these drugs can be potentiated, renal
function monitoring is recommended if there is concurrent use with
cyclosporine and tacrolimus.? If renal impairment develops, dose
adjustment for aminoglycosides or alternative antibiotic use should
be considered.?

Table 1
Interactions between aminoglycosides and immunosuppressants*

Beta lactams (Table 2)

Nafcillin may potentiate nephrotoxicity caused by cyclosporine;
therefore, alternative antibiotic use is recommended.* Amoxicillin-
clavulanate alters intestinal flora, affecting mycophenolate absorption
by enterohepatic recirculation. Close clinical monitoring is advisable
during concurrent use, until shortly after antibiotic treatment is
finished.”

Macrolides (Table 3)

Clarithromycin may cause clinically relevant increases in
cyclosporine levels by inhibition of cytochrome CYP3A4 enzyme.
Monitoring of cyclosporine levels and reducing dosages is
recommended. Remember to adjust the cyclosporine dose when the

Table 3
Interactions between macrolides and immunosuppressants*

Immunosuppressants AMK GEN ETM EPT KAN TOB Immunosuppressants AZY CLA ERY Jos ROX TEL TRO
Cyclosporine B B B B B B Cyclosporine c B B A b a A
Tacrolimus B b b b b b Tacrolimus nd B B nd b
Mycophenolate c c c c c b Mycophenolate c c c C c c c
Sirolimus b b b b b b Sirolimus b A B B b A a
Everolimus b b b b b b Everolimus c a B B b a a
Azathioprine c @ @ c c G Azathioprine c c c C c c c
Prednisone c c c c c c Prednisone b b b B b b b
Methylprednisolone c @ c c c c Methylprednisolone c B B B b b B
Dexamethasone c c ® c c c Dexamethasone b b b B b b b
Polyclonal ab (ATG) c c c c c c Polyclonal ab (ATG) c c (¢ C c C c
Basiliximab c c c c c @ Basiliximab c c c C c c c
Muromonab c C C ( c C Muromonab c c C C c C c

2AMK: amikacin; ETM: streptomycin; EPT: spectinomycin; GEN: gentamicin; KAN:
kanamycin; TOB: tobramycin.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; A, B, C: indicate that the interaction
has been assessed by study or within the product label; a, b, c: indicate that the
interaction has been predicted based on the metabolic profiles of the drugs.

Table 2
Interactions between beta lactams and immunosuppressants*

*AZY: azithromycin; CLA: clarithromycin; ERY: erythromycin; JOS: josamycin; ROX:
roxithromycin; TEL: telithromycin; TRO: troleandomycin.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: Data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Immunosuppressants AMP AMC CLO NAF CFU CFZ CFX AZT IMI TIC
Cyclosporine ( c B B c b b c b c
Tacrolimus c b C c c c c c c c
Mycophenolate (¢ B C C b C C c c c
Sirolimus c c C c c c c c c c
Everolimus c c C c c c C c c c
Azathioprine c c C C c C C c c c
Prednisone c c C c c c c c c c
Methylprednisolone c c C ( c ( c c c c
Dexamethasone c c C c c c c c c c
Polyclonal ab (ATG) ( c C C c C C c c c
Basiliximab c c C c c c c c c c
Muromonab ( c C C c C C c c c

AMP: ampicillin; AMC: amoxicillin-clavulanate; AZT: aztreonam; CFU: cefuroxime; CFX: ceftriaxone; CFZ: ceftazidime; CLO: flucloxacillin; IMI: imipenem; NAF: nafcillin; TIC:

ticarcillin.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may require close monitoring, alteration of drug dosage or timing of administration; C/c: no
clinically significant interaction expected; A, B, C: indicate that the interaction has been assessed by study or within the product label; a, b, c: indicate that the interaction has

been predicted based on the metabolic profiles of the drugs.
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antibiotic cycle is finished.® Clarithromycin also increase tacrolimus
levels due to inhibition of cytochrome CYP 3A4 metabolism.
Monitoring of tacrolimus levels and appropriate dose adjustment is
recommended to maintain stable tacrolimus exposure.®

Erythromycin has the same mechanism as clarithromycin, but to
a greater extent, and cyclosporine dose adjustment is once again
recommended. Additionally, the effect of oral erythromycin over
cyclosporine levels may be greater when given intravenously.” A low
tacrolimus dose should be used and blood levels should be
monitored.® Due to the strong inhibition of cytochrome CYP 3A4 and
P-glycoprotein by clarithromycin, sirolimus (rapamycin) levels may
increase, and therefore this combination is not recommended.?
Coadministration of sirolimus and erythromycin show increases in
plasma levels of both drugs. Sirolimus levels should be monitored,
and dose adjustment for both drugs is recommended." Telithromycin
may also increase sirolimus levels, and therefore this combination is
not recommended.”? Erythromycin increases levels of everolimus
due to erythromycin inhibition of cytochrome enzyme CYP3A4. Dose
adjustment of everolimus is recommended and, if possible, the
combination should be avoided.” Clarithromycin, erythromycin and
troleandomycin decrease clearance of methylprednisolone when
used  concomitantly.  Empirical dose  adjustment for
methylprednisolone is recommended.'416

Quinolones (Table 4)

Ciprofloxacin and the combination of norfloxacin and
metronidazole appears to decrease mycophenolate levels by
interfering with enterohepatic circulation in the bowel, decreasing
absorption of mycophenolate mofetil.>” Close clinical monitoring is
advisable.

Table 4

Interactions between quinolones and immunosuppressants*®
Immunosuppressants CIP LEV MOX NAL NOR OFL
Cyclosporine b b nd nd b C
Tacrolimus b b a b b b
Mycophenolate B c c c B c
Sirolimus c c c c c c
Everolimus c c c c c c
Azathioprine ( (¢ ( c c C
Prednisone b b b b b b
Methylprednisolone b b b b b b
Dexamethasone b b b b b b
Polyclonal ab (ATG) ( C ( c c C
Basiliximab c c c c C C
Muromonab c c c c c c

CIP: ciprofloxacin; LEV: levofloxacin; MOS: moxifloxacin; NAL: nalidixic acid; NOR:
norfloxacin; OFL: ofloxacin.

*A/a: these drugs should not be coadministered; B/b: potential interaction —-may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: Data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Tuberculostatics (Table 5)

Rifampin markedly reduces cyclosporine levels by the induction
of its metabolism by the liver and the gut wall, and graft rejection
can develop. Concomitant use of these drugs should be avoided.®
Rifampin causes strong induction of cytochrome CYP 3A4 and

Table 5
Interactions between tuberculostatics and immunosuppressants*

Immunosuppressants ISO RIF RFB RFP PYR ETB  ETI
Cyclosporine A b b b b c
Tacrolimus b A b b c c c
Mycophenolate c A a b C (¢ c
Sirolimus c A A b c c c
Everolimus b A a b c c c
Azathioprine c ( c c C C c
Prednisone c B b b c c c
Methylprednisolone c B b b C (¢ c
Dexamethasone c B b b c c c
Polyclonal ab (ATG) c c c c c c c
Basiliximab c c c c c c c
Muromonab c c c c c c c

ETB: ethambutol; ETI: ethionamide; ISO: isoniazid; RIF: rifampin; RFB: rifabutin;
RFP: rifapentine; PYR: pyrazinamide.

*A/a: these drugs should not be coadministered; B/b: potential interaction ~-may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; A, B, C: indicate that the interaction
has been assessed by study or within the product label; a, b, c: indicate that the
interaction has been predicted based on the metabolic profiles of the drugs.

decreases tacrolimus levels, and cases of acute rejection have been
observed. Blood levels should be monitored and dosage increased to
maintain therapeutic levels.® Concomitant use of mycophenolate
and rifampin leads to higher blood levels of the acyl-glucuronide
metabolite of mycophenolate. Although not demonstrated, this
phenomenon may lead to an increase in adverse effects and toxicity.
Blood levels should be monitored and the dose adjusted as required.?
Concomitant use with rifampicin markedly decreases sirolimus
levels (C,., 71% and AUC 82%), and therefore this combination is not
recommended. Concomitant use of rifampicin and rifabutin markedly
decreases sirolimus levels, and therefore this combination is not
recommended. Rifapentine may act the same way, but to a lesser
extent, making it an acceptable alternative.? With rifampin,
everolimus clearance is increased up to 172% and AUC and blood
levels decreased due to cytochrome CYP 3A4 and P-glycoprotein
induction.?’ The manufacturer recommends increasing the dose from
10 mg to 20 mg by increasing the dose by 5 mg on day 4 and 8
following the start of rifampin, although there are no clinical data to
support this adjustment.?? Rifampin causes clinically significant
decreasesin the effects of steroids, to the point of adrenal insufficiency.
Increasing the dose of steroids is recommended and the dose should
be reduced progressively after discontinuation of rifampin.?>2*

Other antibacterial drugs (Tables 6 and 7)

Nephrotoxicity can be potentiated by the simultaneous
administration of cyclosporine and vancomycin, while monitoring
renal function.*> Mycophenolate and metronidazole, given in
combination with norfloxacin, can decrease mycophenolate
concentration. Blood levels should be monitored.” Dalfopristin/
quinupristin can increase cyclosporine concentration by inhibition of
cytochrome CYP 3A4.> Cyclosporine levels should be monitored if
both drugs are combined. Additionally, cyclosporine appears to
increase the risk of myalgia and arthralgia caused by dalfopristin/
quinupristin. Dalfopristin/quinupristin increases tacrolimus levels
up to 15%, and therefore monitoring of tacrolimus blood levels is
recommended. It also appears that tacrolimus potentiates arthralgia
and myalgia caused by dalfopristin/quinupristin.?
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Table 6 Table 8

Interactions between other antimicrobials and immunosuppressants (I)* Interactions between azoles and immunosuppressants?
Immunosuppressants TIG VAN DAP CLI MET Immunosuppressants KET ITR FLU VOR POS
Cyclosporine b B b b b Cyclosporine A A B® B® B¢
Tacrolimus b b nd c b Tacrolimus A A B¢ B¢ B¢
Mycophenolate nd C nd c B Mycophenolate nd nd C C C
Sirolimus nd c nd c c Sirolimus A A Be A a
Everolimus nd C nd c ( Everolimus A a b a a
Azathioprine nd C nd c c Azathioprine nd nd nd nd nd
Prednisone nd c b c c Prednisone nd nd nd nd nd
Methylprednisolone nd c b c c Methylprednisolone nd nd nd nd nd
Dexamethasone nd c b c c Dexamethasone nd nd nd nd nd
Polyclonal ab (ATG) nd c nd c c Polyclonal ab (ATG) nd nd nd nd nd
Basiliximab nd c nd c c Basiliximab nd nd nd nd nd
Muromonab Nd c nd c c Muromonab nd nd nd nd nd

CLI: clindamycin; DAP: daptomycin; MET: metronidazole; TIG: tigecycline; VAN:
vancomycin.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Table 7

Interactions between other antimicrobials and immunosuppressants (II)
Immunosuppressants LIN CoT DAL DOX TET
Cyclosporine nd b A c (
Tacrolimus nd b B c B
Mycophenolate nd C nd c (
Sirolimus nd C b c c
Everolimus nd c b c c
Azathioprine nd ( nd c (
Prednisone nd c b c c
Methylprednisolone nd ( b c C
Dexamethasone nd c b c c
Polyclonal ab (ATG) nd c (g c C
Basiliximab nd c c c c
Muromonab nd c c c c

COT: cotrimoxazole; DAL: dalfopristin/quinupristin; DOX: doxycycline; LIN:
linezolid; TET: tetracycline.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Antifungal and immunosuppressive drug interactions in solid
organ transplant recipients

The following interactions have been observed between
immunosuppressant and antifungal drugs used in SOT patients. The
text shows the most relevant interactions, and more information is
displayed on Tables 8-10.

Azoles (Table 8)

The most clinically significant drug interactions observed with
azoles in SOT recipients occur with concomitantly administered

FLU: fluconazole; ITR: itraconazole; KET: ketoconazole; POS: posaconazole; VOR:
voriconazole.

2A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

bRecommended percentage dose reductions of cyclosporine = 50%.

‘Recommended percentage dose reductions of cyclosporine = 25%.

dRecommended percentage dose reductions of tacrolimus = 33%.

eRecommended percentage dose reductions of sirolimus = 50%.

immunosuppressive agents, specifically, with the calcineurin
inhibitors (cyclosporine and tacrolimus) and the mammalian target
of mTOR-inhibitor, sirolimus.?’

All azole antifungals inhibit the metabolism of cyclosporine,
tacrolimus, sirolimus and everolimus, which are significantly
metabolised by CYP3A4 and P-glycoprotein. Ketoconazole,
itraconazole, voriconazole and posaconazole are strong inhibitors
and fluconazole is a weak inhibitor of CYP3A4.%

Ketoconazole and itraconazole increase cyclosporine, tacrolimus,
sirolimus and everolimus levels. Coadministration with these drugs
is not recommended. Itraconazole increases mycophenolate levels
due to inhibition of P-glycoprotein. Close monitoring of levels is
recommended.'22227

Fluconazole increases cyclosporine, tacrolimus, sirolimus and
everolimus levels. Fluconazole oral therapy takes one week for the
full magnitude of the interaction to be appreciated. Coadministration
of oral fluconazole with cyclosporine or tacrolimus requires a dose
reduction of immunosuppressants and monitoring levels. No dosage
adjustments are recommended for cyclosporine or tacrolimus during
concomitant administration of intravenous fluconazole. Fluconazole
increases trough concentrations of sirolimus and probably increases
that of everolimus. Dosage adjustments and close monitoring of
mTOR inhibitors drugs are therefore recommended.22227.28

Voriconazole increases cyclosporine levels (C,,,, and AUC 13% and
70%, respectively). It is recommended that the dose of cyclosporine
be reduced 50%. Voriconazole also increases tacrolimus levels (C,.,
117% and AUC 221%, respectively), and therefore it is recommended
that the dose of tacrolimus be reduced 33%. Voriconazole also
increases sirolimus levels (C,,,, 556% and AUC 1014%, respectively),
and therefore coadministration of voriconazole with this drug is
contraindicated. For the same reason, voriconazole is contraindicated
in combination with everolimus.'2?227-29

Posaconazole increases tacrolimus levels due to the inhibition of
its metabolism by cytochrome CYP 3A4. Close monitoring of levels is
recommended. Posaconazole increases mycophenolate levels due to
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inhibition of P-glycoprotein, and therefore close monitoring of
mycophenolate levels is recommended. The effect of posaconazole
on sirolimus remains unknown, and is not predictable, due to the
variable exposure of posaconazole. Concomitant administration of
both drugs is not recommended and should be avoided if possible.
For the same reasons, concomitant use of posaconazole with
everolimus is not recommended.'2222830

Echinocandins (Table 9)

Echinocandins have very few drug interactions. Cyclosporine
increases caspofungin AUC by 35% and causes transient elevation of
transaminases. Close monitoring of levels is recommended.
Caspofungin decreases tacrolimus levels by 26%. Blood levels should
be monitored and the dose increased. Micafungin increases sirolimus
AUC by 21%, and therefore it is recommended that sirolimus levels be
monitored.”?3!

Table 9

Interactions between echinocandins and immunosuppressants*
Immunosuppressants CAS MIC ANI
Cyclosporine B B c
Tacrolimus B c c
Mycophenolate c nd nd
Sirolimus nd B nd
Everolimus nd nd nd
Azathioprine nd nd nd
Prednisone c c C
Methylprednisolone (¢ C C
Dexamethasone c c c
Polyclonal ab (ATG) nd nd nd
Basiliximab nd nd nd
Muromonab nd nd nd

CAS: caspofungin; MIC: micafungin; ANI: anidulafungin.

*A/a: these drugs should not be coadministered; B/b: potential interaction —-may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Polyene and pyrimidines (Table 10)

Since nephrotoxicity of polyene drugs can be potentiated with the
concurrent use of cyclosporine or tacrolimus, caution and close
monitoring of renal function is recommended. Lipid amphotericin B
formulations, especially liposomal amphotericin B, are less
nephrotoxic than amphotericin B deoxycholate. If renal impairment
develops, alternative antifungal drugs should be considered.

Antiviral and immunosuppressive drug interactions in solid
transplant recipients

The following interactions have been observed between
immunosuppressive drugs used for SOT patients and antivirals. The
text shows the most relevant interactions (see Table 11 for more
information).

Use of acyclovir must be carefully considered when combined
with potentially nephrotoxic agents. Ganciclovir plus mycophenolate
mofetil slightly decreased renal clearance. Thus, this drug combination
may have an impact on patients’ kidney function, and renal function

Table 10

Interactions of pyrimidines and polyenes with immunosuppressants
Immunosuppressants FUC ABD ABL ABC
Cyclosporine b B B B
Tacrolimus b B B B
Mycophenolate nd c nd nd
Sirolimus nd B b b
Everolimus nd B B B
Azathioprine nd nd nd nd
Prednisone nd B b b
Methylprednisolone nd B b b
Dexamethasone nd nd nd nd
Polyclonal ab (ATG) nd nd nd nd
Basiliximab nd nd nd nd
Muromonab nd nd nd nd

ABL: liposomal amphotericin B; ABC: amphotericin B lipid complex; ABD:
amphotericin B deoxycholate; FUC: flucytosine.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Table 11

Interactions between antivirals and immunosuppressants*
Immunosuppressants ACV GCV RBV FSC CFV
Cyclosporine nd B Nd b nd
Tacrolimus nd B Nd b nd
Mycophenolate C B Nd nd nd
Sirolimus nd B nd nd
Everolimus nd B nd nd
Mizoribine nd B nd nd nd
Azathioprine nd nd nd nd nd
Prednisone nd nd nd nd nd
Methylprednisolone nd nd nd nd nd
Dexamethasone nd nd nd nd nd
Polyclonal (ATG) nd nd nd nd nd
Basiliximab nd nd nd nd nd
Muromonab nd nd nd nd nd

ACV: acyclovir; CFV: cidofovir; GCV: ganciclovir; FSC: foscarnet; RBV: ribavirin.

*A/a: these drugs should not be coadministered; B/b: potential interaction —-may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: Data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

should therefore be monitored. Mizoribine and ganciclovir exert a
strong synergism in anti-CMV activity.>? Ribavirin-induced activation
of mTOR and p53 enhances IFN-dependent signalling for the IFN-
alpha/ribavirin combined treatment.* Nephrotoxicity is the most
common adverse effect of both foscarnet and cidofovir. They have
only been used as second-line antiviral drugs in transplant recipients,
but considering the widespread use of calcineurin inhibitors as the
backbone of immunosuppressive treatment, they would have a clear
effect on the development of nephrotoxicity.
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Antiretroviral and immunosuppressive drug interactions in solid
organ transplant recipients

The most relevant interactions between immunosuppressive
drugs used for SOT and antiretroviral drugs are shown below (more
information in Tables 12-14).4

Nucleotide analogues (Table 12)

There were no clinically significant pharmacokinetic interactions
when tenofovir disoproxil fumarate was coadministered with
tacrolimus. Given that tacrolimus can affect renal function, close
monitoring is recommended when coadministered with tenofovir
disoproxil fumarate. Abacavir and zidovudine, which are also
glucuronidated, could alter mycophenolate levels. Monitoring the
concentration of mycophenolate is recommended. Chewable/
dispersible didanosine tablets and powder for oral solution contain
an antacid that may decrease the absorption of dexamethasone. They
should be taken at least two hours apart from antacids.>*

Table 12

Interactions between nucleotide analogues and immunosuppressants
Immunosuppressants ABC ddI FIC  3TC d4T TEN  ZDV
Cyclosporine c ( c ( c b c
Tacrolimus c c b b b B c
Mycophenolate B C ( (¢ c b B
Sirolimus c c c c c b c
Everolimus nd nd nd nd nd nd nd
Azathioprine C b ( ( c c C
Prednisone nd nd nd nd nd nd nd
Methylprednisolone C C (g C c c C
Dexamethasone C B c c c c C
Polyclonals (ATG) nd nd nd nd nd nd nd
Basiliximab nd nd nd nd nd nd nd
Muromonab nd nd nd nd nd nd nd

ABC: abacavir; ddI: didanosine; FTC: emtricitabine; 3TC: lamivudine; d4T: stavudine;
TEN: tenofovir; ZDV: zidovudine.

*A/a: these drugs should not be coadministered; B/b: potential interaction —-may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Protease inhibitors (Table 13)

Concentrations of cyclosporine, tacrolimus and sirolimus may
increase when coadministered with protease inhibitors (PIs) due to
CYP3A4 inhibition. More frequent therapeutic concentration
monitoring of these drugs is recommended until plasma levels have
stabilised.

Mycophenolate mofetil is a prodrug of mycophenolic acid (MPA).
MPA undergoes glucuronidation; coadministration of inducers of
glucuronidation, such as some PIs, could alter mycophenolate levels.
Monitoring of mycophenolate concentration is therefore
recommended.

Dexamethasone coadministration may decrease IPs concentrations
due to CYP3A induction by dexamethasone. Clinical monitoring of
antiviral efficacy is therefore recommended.>

Table 13

Interactions between protease inhibitors and immunosuppressants*
Immunosuppressants ATZ DAR FOS LOP NEL RIT SAQ TIP
Cyclosporine B B B B B B B B
Tacrolimus B B B B B B B B
Mycophenolate B B B B B B B B
Sirolimus B B B B B B B B
Everolimus a a a a a a a a
Azathioprine C C C C C C C C
Prednisolone b b b B b B b b
Dexamethasone b B B B B B B b
Polyclonals (ATG) nd nd nd nd nd nd nd nd
Basiliximab nd nd nd nd nd nd nd nd
Muromonab nd nd nd nd nd nd nd nd

ATZ: atazanavir; DAR: darunavir; FOS: fosamprenavir; LOP: lopinavir; NEL:
nelfinavir; RIT: ritonavir; SAQ: saquinavir; TIP: tipranavir.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label; a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.

Non-nucleoside reverse transcriptase inhibitors (NNRTIs), and entry
and integrase inhibitors (Table 14)

Rilpivirine with dexamethasone is contraindicated as significant
decreases in rilpivirine plasma concentrations may occur due to
CYP3A enzyme induction, which may result in loss of virologic
response and possible resistance to rilpivirine or to NNRTIs.

Decreased exposure of cyclosporine, tacrolimus and sirolimus
with efavirenz coadministration may be expected due to CYP3A
induction. Dose adjustments of the immunosuppressants may be

Table 14
Interactions between non-nucleoside reverse transcriptase inhibitors, entry and
integrase inhibitors and immunosuppressants

Immunosuppressants EFV ETV NEV DEL RIL MRV  RAT

Cyclosporine B B B B b c C
Tacrolimus B B B B b c C
Mycophenolate B b B B c (¢ b
Sirolimus B B B B c c C
Everolimus a a a a a nd nd
Azathioprine c c c c c ( C
Prednisolone B b b b c c

Dexamethasone b B b B A c

Polyclonals (ATG) nd nd nd nd nd nd nd
Basiliximab nd nd nd nd nd nd nd
Muromonab nd nd nd nd nd nd nd

DEL: delavirdine; EFV: efavirenz; ETV: etravirine; MRV: maraviroc; NEV: nevirapine;
RAT: raltegravir; RIL: rilpivirine.

*A/a: these drugs should not be coadministered; B/b: potential interaction -may
require close monitoring, alteration of drug dosage or timing of administration; C/c:
no clinically significant interaction expected; nd: data not available; A, B, C: indicate
that the interaction has been assessed by study or within the product label. a, b, c:
indicate that the interaction has been predicted based on the metabolic profiles of
the drugs.
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required. Close monitoring of immunosuppressant concentrations
for at least 2 weeks is recommended when starting of stopping
treatment with efavirenz. The same recommendation is valid for
nevirapine and etravirine.

Delavirdine, unlike other currently available NNRTI agents, is an
inhibitor rather than an inducer of CYP isoenzymes, and has the
potential to increase concentrations of cyclosporine, tacrolimus and
sirolimus. Delavirdine may also alter mycophenolate levels.
Therapeutic concentration monitoring is recommended for
immunosuppressant agents when coadministered with delavirdine.
Dexamethasone coadministration may decrease delavirdine
concentrations. It should therefore be used with caution.*
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