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Potential Interactions Between Antineoplastics and Antiretrovirals 

Drug Class Metabolism Actual/Theoretical Interaction Comments 
Altretamine1 Alkylating 

Agents 
Hepatic microsomal oxidation 
to active and cytotoxic 
derivatives.  Exact isoenzyme 
unknown. 
 

Potential for ↓ efficacy with P-450 
inhibitors. 

May need to hold antiretroviral 
regimens with 3A4 inhibiting 
drugs, or change to agents that 
do not inhibit 3A4 when 
concurrent therapy with 
altretamine needed. 

Anastrozole2, 3 
(Arimidex®) 

Endocrine 
Therapies 

Metabolized by N-
dealkylation, hydroxylation 
and glucuronidation. 
Metabolites inactive.  Exact 
isoenzymes unknown (3A4 
possible). 

Induction of glucuronidation may ↓ 
levels of drug and subsequently 
affect efficacy. 
CYP450 inhibitors may ↑ levels of 
anastrozole; inducers may do 
opposite. 

Monitor for ↓ efficacy with 
ritonavir or nelfinavir (↑ 
glucuronidation) and nevirapine 
or efavirenz (induce 3A4) 
Possible ↑ risk and severity of 
side effects with PIs/delavirdine 
(e.g. hot flushes, peripheral 
edema, constitutional symptoms 
etc.). 

Bexarotene4 Synthetic 
retinoid analog 

Metabolized by CYP3A4 to 
oxidative metabolites, which 
are active (degree of activity 
unknown).  Oxidative 
metabolites may be 
glucuronidated.  Auto-
induction occurs with chronic 
administration, particularly 
with doses >300 mg/m2/day.  

Inhibition or induction of CYP3A4 
may affect levels of bexarotene and 
subsequently affect efficacy or 
toxicity.  Induction of glucuronidation 
may promote clearance of active 
metabolites and possibly impact 
efficacy.  Bexarotene may induce 
metabolism of CYP3A4 substrates, 
including PIs and NNRTIs. 
 
Virological failure was reported in a 
70-year old man on efavirenz, 3TC 
and abacavir (VL<50 for 12 years) 2 
months after starting bexarotene 300 
mg QD for a neoplastic disorder.  
Efavirenz plasma concentration was 
595 ng/mL compared to 1478 ng/mL 
prior to initiation of bexarotene.  
Bexarotene concentrations were 
approximately 50% lower vs. steady-
state reference pharmacokinetic 
data.5 

Potential for ↓ bexarotene 
concentrations with NNRTIs, and 
↑ concentrations with PIs; 
bexarotene may ↓ 
concentrations of NNRTIs and/or 
PIs.  Consider TDM of both 
drugs if available, and monitor 
closely for efficacy/response.  
May wish to consider using ARV 
agents that do not impact 
CYP450 system if possible. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Bleomycin6, 7 
(Blenoxane®) 

Antitumour 
antibiotics 

Hydrolysis by intracellular 
aminopeptidase.  Evidence in 
rodents suggests possible 
inhibition of CYP450 system. 

Possible ↑ ARV levels, but potential 
for interactions appears low. 

Monitor for PI and NNRTI related 
side effects. 

Bortezomib8-10 
(Velcade®) 
 

Proteosome 
inhibitor 

Metabolized primarily by 
CYP3A4, 2C19, 1A2, and 
2D6 and 2C9 to a minor 
extent.  In vitro, bortezomib is 
a weak inhibitor of CYP1A2, 
2C9, 2D6, 3A4; it may inhibit 
2C19 at clinically relevant 
dosages. 

Potential for ↑ or ↓ bortezomib 
concentrations with potent CYP 
inhibitors or inducers of CYP3A4 and 
2C19.  Coadministration of 
ketoconazole led to 35% ↑ in 
bortezomib concentrations, while 
concomitant omeprazole did not 
affect bortezomib pharmacokinetics. 

Use with caution with concurrent 
CYP inhibitors or inducers of 
CYP3A4 and 2C19.   
 
Efavirenz and etravirine inhibit 
2C19 and induce CYP3A4.  
Clinical significane unknown; 
monitor for bortezomib efficacy & 
toxicity.  Rilpivirine induces 
CYP2C19; monitor for efficacy. 

Busulfan11-15 
(Myleran®, 
Busulfex®) 

Alkylating 
Agents 

Glutathione-S-transferase 
(isoform GSTA-1-1).  Animal 
data does not support role for 
CYP450 system. 

Little potential for interaction with 
ARVs; however, itraconazole ↓ 
busulfan clearance by average of 
20% in one study.  Therefore, 
monitor closely when used 
concomitantly with HAART. 

Concurrent use of 3A4 inhibitors 
may ↑ risk and severity of 
myelosuppression. 
 

Capecitabine16 
(Xeloda®) 

Antimetabolite Prodrug of 5-fluorouracil.  
Inhibits CYP2C9. 

Potential for ↑ concentrations of 
CYP2C9 substrates; significant 
interactions have been noted with 
warfarin and phenytoin.16, 17  Caution 
with concomitant etravirine, which is 
partially metabolized by CYP2C9.   
 
Case series of 4 HIV/HCV-coinfected 
subjects with advanced 
hepatocarcinoma on HAART (agents 
not specified) who received 
oxaliplatin and capecitabine with no 
apparent interaction or increased 
toxicity.18  

 

Chlorambucil19, 20 
(Leukeran®) 

Alkylating 
Agents 

CYP450 enzymes not 
involved in metabolism in one 
animal study. 

Potential for pharmacokinetic 
interactions with ARVs appears 
minimal, but very little known about 
chlorambucil metabolism in humans. 

In absence of data, consider 
possibility for ↑ risk and severity 
of myelosuppression with 
CYP450 inhibitors. 

Cisplatin and Alkylating Main route of elimination is Potential for pharmacokinetic Monitor serum creatinine and 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Carboplatin21-23 
(Platinol-AQ®) 
(Paraplatin®) 

 

Agents renal. interactions with ARVs appears 
minimal. However, cisplatin induced 
nephrotoxicity may necessitate 
dosage adjustment for certain ARVs.  
Potential additive renal toxicity with 
tenofovir. 

creatinine clearance; adjust 
antiretroviral doses accordingly 
as needed. 

Cyclophosphamide2

4-27 
(Procytox®, 
Cytoxan®) 

 
 
 

Alkylating 
Agents 

CYP2B6 > 2C19 to active 
metabolite.  3A4 to inactive 
and possibly toxic 
metabolites. 

Induction of 2B6 may ↑ amount of 
active metabolite formed.  Inhibition 
of 2B6 may prevent activation of the 
drug.  Induction of 3A4 may ↑ 
neurotoxicity, whereas inhibition of 
3A4 may make more drug available 
for 4-hydroxylation route (i.e. 
possibly ↑ efficacy/toxicity). 
Inhibition of 2C19 may impact 
activation of the drug, although this 
may be compensated for by 
increased shunting through 2B6 
pathway. 
 
Case report of a 55 year old male 
with newly diagnosed advanced HIV 
and large B-cell lymphoma who 
simultaneously began abacavir, 
lamivudine and raltegravir and 
CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) 
with intrathecal methotrexate.  The 
patient achieved and maintained an 
undetectable viral load throughout 6 
CHOP cycles.  Two months after the 
patient completed chemotherapy, 
a positron emission tomography scan 
indicated no active lymphoma.28 

CYP2B6 inducers (e.g., ritonavir, 
nelfinavir, efavirenz, nevirapine) 
and CYP3A4 inhibitors (e.g., 
PIs) may ↑ efficacy and toxicity 
of cyclophosphamide (i.e. 
myelosuppression, nausea and 
vomiting). 
 
Efavirenz and etravirine inhibit 
2C19; co-administration may 
impact activation of 
cyclophosphamide, although this 
may be compensated for by 
increased shunting via 2B6 
pathway.  Clinical significance 
unknown; monitor for efficacy. 
 
Rilpivirine induces CYP2C19; 
monitor for toxicity. 

Cytarabine (ara-C) 
(Cytosar®) 

Anti-metabolite Metabolized in liver by 
cytidine deaminase 

Potential additive toxicity with other 
agents. 

Main toxicities of cytarabine 
include dose-limiting 
myelosuppression, nausea, 
vomiting, urinary retention, renal 
failure (rare).  Caution with AZT; 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
tenofovir (??) – renal toxicity 

Dacarbazine29 

(DTIC®) 
Alkylating 
Agents 

CYP1A2 > 2E1 to reactive 
DNA methylating metabolites. 

Inhibition of CYP1A2 and 2E1 may 
decrease concentrations of 
pharmacologically active metabolite. 

Use of concurrent ritonavir at 
therapeutic doses may ↑ 
formation of active metabolites.  
May ↑ efficacy and risk of 
nausea, vomiting and 
myelosuppression. 

Dactinomycin30 
(Cosmegen®) 

Antitumour 
antibiotics 

Minimally metabolized.  
Unclear which enzyme 
system involved. 

Unlikely to result in significant 
cytochrome-mediated interactions, 
given low extent of metabolism (1-
4%). 
 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Dasatinib31, 32 
(Sprycel®) 

Tyrosine kinase 
inhibitor 

Extensively metabolized by 
CYP3A4 to an active 
metabolite with activity 
comparable to parent 
compound.  Other enzymes 
involved in metabolism 
include UGT and flavin-
containing monooxygenase 
(FMO3). 
 
Dasatinib also acts as a 
CYP3A4 inhibitor. 

Possibility of ↑ levels of dasatinib 
and ↑ toxicity when concomitant 3A4 
inhibitors are administered.  A 
decrease in the dosage or an 
adjustment of the dosing interval of 
dasatinib may be necessary for 
patients requiring co-administration 
with strong CYP3A inhibitors such as 
ritonavir.33  
 
In a study of 18 patients with solid 
tumors, dasatinib 20 mg daily 
coadministered with ketoconazole 
200 mg BID led to four- and five-fold 
increase of dasatinib Cmax and 
AUC, respectively.   
 
Conversely, possibility of ↓ levels 
and risk of therapeutic failure with 
3A4 inducers.  In a healthy subject 
study, administration of single dose 
dasatinib in the presence of chronic 
rifampin 600 mg daily, mean Cmax 
and AUC of dasatinib were ↓ by 81% 
and 82%, respectively. 
 

Co-administration of dasatinib 
and potent CYP3A4 inhibitors 
including PIs is not 
recommended; use of an 
alternate antiretroviral with 
minimal CYP3A4 inhibition is 
preferred. If this is not possible, 
a reduction in dasatinib dose to 
20 or 40 mg daily and close 
monitoring for dasatinib toxicity 
is recommended. 
 
Concomitant use of potent 
CYP3A4 inducers including 
NNRTIs with dasatinib is not 
recommended. In patients in 
whom rifampicin or other 
CYP3A4 inducers are indicated, 
alternative agents with less 
enzyme induction potential 
should be used. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Also potential for ↑ concentrations of 
concomitant PIs or NNRTIs.  In 
healthy subjects, coadministration of 
single dose dasatinib 100 mg and 
simvastatin resulted in 37% ↑ Cmax 
and 20% ↑ AUC of simvastatin. 
 
 

Daunorubicin34-36 
(Cerubidine®) 

Antitumour 
antibiotics 

Generally similar to 
doxorubicin. 

Likely similar to doxorubicin. Likely similar to doxorubicin. 
 

Daunorubicin, 
liposomal37-41 

Antitumour 
antibiotics 

Appears similar in pattern to 
free doxorubicin, but smaller 
ratio of 
daunorubicinol:daunorubicin 
with liposomal preparation. 

Likely similar to doxorubicin. Likely similar to doxorubicin. 
 

Dexamethasone42-

50 
 

Steroids CYP3A4 
Dexamethasone a 3A4 
inducer. 
 
 
 

↑ risk of steroid related toxicity with 
3A4 inhibitors.  Possible ↓ efficacy 
with 3A4 inducers. 
Dexamethasone may ↓ levels of 
NNRTIs and PIs. 
 
 

Possible ↑ levels and 
pharmacodynamic effects of 
steroids when used concurrently 
with PIs and delavirdine.  
Opposite effect likely with 
nevirapine and efavirenz.  May 
need to hold HAART in patients 
receiving prolonged 
dexamethasone.  Alternatively, 
consider use of non-3A4 
inducing steroid or antiretroviral 
therapeutic drug monitoring if 
combination is necessary. 

Docetaxel51-53 
(Taxotere®) 

Taxanes CYP3A4 Possibility of ↑ levels of taxane when 
concomitant 3A4 inhibitor 
administered.  Conversely, possibility 
of ↓ levels with 3A4 inducers.  Effect 
may be more pronounced with 
docetaxel, since 3A4 is main enzyme 
involved in metabolism. 
 
Case report of a 40 year-old HIV+ 
male on LPV/r, TDF, 3TC who 
experienced febrile neutropenia (NE 

↑ taxane levels may ↑ risk and 
severity of myelosuppression, 
constitutional symptoms and 
peripheral neuropathy. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
450 cells/µl) with high CRP 
(196mg/L) levels 8 days after starting 
docetaxel (25 mg/m2) for treatment of 
KS.  Microbiological tests were 
negative and the neutropenia 
resolved in the following week.  
Authors hypothesize that RTV 
inhibited CYP3A4, leading to 
increased docetaxel levels, and thus 
may have caused this febrile 
neutropenia.54 
 
In a small group of patients with solid 
tumours who received oral 
docetaxel 100 mg with ritonavir 
100 mg given simultaneously or 1 
hour beforehand, the apparent oral 
bioavailability of docetaxel was 131% 
and 161%, respectively, compared to 
IV administration.   These findings 
suggest that ritonavir has a marked 
inhibitory effect on gut wall and/or 
hepatic metabolism.  The oral 
combination of docetaxel and 
ritonavir was well tolerated.55 
 
In 3 HIV-positive patients on 
ritonavir-containing regimens (2 on 
ATV/r, 1 on LPV/r), administration of 
IV docetaxel resulted in severe 
hematological and cutaneous toxicity 
3-7 days after the first infusion of 
docetaxel (70-100 mg/m2), despite 
having normal baseline liver function 
and blood cell counts. Each patient 
recovered following the withdrawal of 
docetaxel. The mechanism is 
postulated to be CYP3A4 inhibition of 
docetaxel metabolism by ritonavir.56 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Doxorubicin57-62 Antitumour 

antibiotics 
Several routes: 
aldoketoreductase and 
NADPH-dependent 
cytochrome reductase.  
Resulting aglycone 
derivatives conjugated to a 
sulfate or glucuronide 
metabolite. 
 
Enzymes of cytochrome P450 
involved in free radical 
generation in vitro; clinical 
significance unknown. 

Potential for interactions unknown, 
given uncertainty about role of 
cytochrome P450 in free radical 
generation. 
 
A pharmacokinetic analysis was 
conducted in 19 HIV-positive patients 
with non-Hodgkin’s lymphoma 
treated with CHOP 
(cyclophosphamide, vincristine, 
doxorubicin and prednisone) with 
and without concurrent PI-based 
HAART.  Doxorubicin 
pharmacokinetics were not affected 
by concomitant PI administration, 
and PI exposures were not altered by 
doxorubicin.63 
 
Case report of a 55 year old male 
with newly diagnosed advanced HIV 
and large B-cell lymphoma who 
simultaneously began abacavir, 
lamivudine and raltegravir and 
CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) 
with intrathecal methotrexate.  The 
patient achieved and maintained an 
undetectable viral load throughout 6 
CHOP cycles.  Two months after the 
patient completed chemotherapy, 
a positron emission tomography scan 
indicated no active lymphoma.28 

Enzyme inhibitors may ↓ 
reduction to free radical, which 
may decrease both 
antineoplastic and cytotoxic 
properties.  Enzyme inducers 
may do the opposite.  

Doxorubicin, 
liposomal64, 65 

 

Antitumour 
antibiotics 

Appears similar in pattern to 
free doxorubicin, but less 
doxorubicinol detected in 
plasma. 
 

Similar to doxorubicin. Similar to doxorubicin. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Droloxifene66-68 Endocrine 

Therapies 
Glucuronidation (main) to 
inactive metabolites. 

Induction of glucuronidation may ↓ 
levels of drug and subsequently 
affect efficacy. 

Nelfinavir and ritonavir may ↓ 
efficacy through induction of 
glucuronidation. 

Epirubicin69-73 
(Pharmorubicin®) 

Antitumour 
antibiotics 

Similar to doxorubicin, except 
both parent drug and 
epirubicinol metabolite 
undergo glucuronidation to 
inactive metabolites.  
Glucuronides constitute main 
metabolites. 
 

Potential for increased conversion to 
inactive glucuronide derivatives with 
inducers of glucuronidation. 

Ritonavir and nelfinavir may ↓ 
efficacy of epirubicin by 
increasing glucuronidation. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Erlotinib74 Epidermal 

growth factor 
receptor 
(EGFR) 
tyrosine kinase 
inhibitor 

Primarily metabolized by 
CYP3A4.  Metabolized to a 
lesser extent by CYP1A2 and 
1A1. 

Potential for ↑ levels with 3A4 
inhibitors; coadministration of 
erlotinib and ketoconazole 200 mg 
BID for 5 days led to 86% ↑ AUC and 
69% ↑ Cmax of erlotinib.  When 
erlotinib was coadministered with 
ciprofloxacin (an inhibitor of CYP3A4 
and 1A2), erlotinib AUC ↑ 39% and 
Cmax ↑ 17%.   
 
Potential for ↓ levels and efficacy 
with 3A4 inducers. Co-administration 
with chronic rifampicin resulted in 
69% ↓ AUC of erlotinib.  In a 
separate study, subjects pre-treated 
with rifampin experienced 57.5% ↓ 
AUC of erlotinib after single dose 
administration; however, systemic 
exposure to the active metabolites 
OSI-413 and OSI-420 was largely 
unaffected by rifampicin treatment. 
As a result, the active metabolites 
consist of 18% of the total erlotinib 
exposure following the concomitant 
administration compared to only 5% 
when erlotinib was given alone.  
 
Case report of an HIV-infected 
woman with bronchioloalveolar 
carcinoma on HAART (individual 
agents not specified) who responded 
to erlotinib therapy.75 

Caution with concomitant 
administration of CYP3A4 or 
1A2 inhibitors such as PIs. 
Erlotinib dose should be reduced 
if toxicity is observed.  
 
Potential for reduced efficacy 
with CYP3A4 inducers such as 
NNRTIs.  Alternative treatments 
lacking potent CYP3A4 inducing 
activity should be considered 
when possible.  If this is not 
possible, the erlotinib dose may 
be increased from 150 mg up to 
450 mg per day.76 

Estramustine77 
(EMCYT®) 

Alkylating 
agent 

Dephosphorylated during 
absorption, then undergoes 
extensive first-pass 
metabolism to its active 
components, estromustine, 
estramustine, estrone and 
estradiol. 

Potential for cytochrome-mediated 
interactions with ARVs appears 
minimal. 

Unlikely to result in detrimental 
pharmacokinetic interactions 
with combined HAART. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Etoposide78-81 
(Vepesid®) 

Epipodophyllot
oxins 

CYP3A4 (main); CYP2E1, 
1A2 (minor) 
 
 

Possibility of ↑ levels with 3A4 
inhibitors, and ↓ levels with 3A4 
inducers. 
 

↑ etoposide levels may ↑ risk 
and severity of mucositis, 
myelosuppression and 
transaminitis. ↑ teniposide levels 
may ↑ risk and severity of 
myelosuppression. 

Exemestane3 
(Aromasin®) 

Endocrine 
Therapies 

Metabolized by CYP3A4 and 
aldoketoreductases. 
 

Potential for ↑ levels with 3A4 
inhibitors; possible ↓ levels and 
efficacy with 3A4 inducers. 
 

Nevirapine and efavirenz may ↓ 
efficacy of drug; avoid 
combination if possible.  ↑ levels 
with PIs and delavirdine may ↑ 
risk and severity of adverse 
effects (e.g. musculoskeletal 
pain, constitutional symptoms, 
peripheral edema, hot flashes 
etc.) 

Fludarabine 
(Fludara®) 

Antimetabolite Rapidly converted into active 
metabolite (2-FLAA) after 
administration.  ~40% renally 
excreted. 

Potential for cytochrome-mediated 
interactions with ARVs appears 
minimal. 

Unlikely to result in detrimental 
pharmacokinetic interactions 
with combined HAART. 
 

5-Fluorouracil82 Antimetabolite Converted to 5-6-
dihydrofluorouracil by the 
enzyme dihydropyrimidine 
dehydrogenase (DPD).  7-
20% renally excreted. 

Significant interactions have been 
noted between capecitabine (5-FU 
prodrug) and warfarin and 
phenytoin.16, 17  A similar effect may 
occur with 5-FU. 
 
Case series of 21 HIV-positive 
subjects on HAART (7 NRTI only, 6 
on PI, 6 on NNRTI and 2 on 
PI/NNRTI containing regimens) with 
anal carcinoma who received 
radiotherapy plus mitomycin C and 5-
fluourouracil without need for dose 
reductions.  The complete response 
rate was 81%, and 62% remained 
free of any tumor relapse during 
additional follow-up (median, 53 
months), and there was no increased 
risk of HIV progression.83 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Case series of 5 HIV-positive 
patients on HAART (4 PI, 1 NRTI) 
with advanced colorectal cancer who 
were treated with oxaliplatin, 
leucovorin and fluourouracil 
(FOLFOX-4 regimen) without 
apparent increase in antineoplastic-
associated toxicity.84 

Formestane85 Endocrine 
Therapies 

Two pathways: reductive 
metabolism by hepatic 
hydroxysteroid 
dehydrogenase and 
glucuronidation. 

Induction of glucuronidation may ↓ 
levels of drug and subsequently 
affect efficacy. 

Nelfinavir and ritonavir may ↓ 
efficacy through induction of 
glucuronidation. 

Gefitinib86 
(Iressa®) 

Epidermal 
growth factor 
receptor 
(EGFR) 
tyrosine kinase 
inhibitor 

Primarily metabolized by 
CYP3A4.  Major metabolite 
O-desmethyl gefitinib is 
produced via CYP2D6 

Potential for ↑ levels with 3A4 
inhibitors; in healthy volunteers, 
coadministration of gefitinib and 
itraconazole led to 80% ↑ AUC of 
gefitinib.   
 
Potential for ↓ levels and efficacy 
with 3A4 inducers. In healthy 
volunteers, co-administration with 
rifampicin resulted in 83% ↓ AUC of 
gefitinib. 

Caution with concomitant 
administration of CYP3A4 or 
2D6 inhibitors such as PIs, as 
adverse effects of gefitinib are 
related to dose and exposure.   
 
Potential for reduced efficacy 
with CYP3A4 inducers such as 
NNRTIs. 

Gemcitabine 
(Gemzar®) 

antimetabolite extensively metabolized to 
2',2'-difluorodeoxyuridine 
(dFdU) after continuous oral 
dosing. The main metabolite 
dFdU has a long terminal 
half-life after oral 
administration.  After 1 week, 
92-98% dose is recovered in 
the urine. 

Potential for cytochrome-mediated 
interactions with ARVs appears 
minimal. 

Unlikely to result in detrimental 
pharmacokinetic interactions 
with combined HAART. 
 

Idarubicin69, 87, 88 
(Idamycin PFS®) 

Antitumour 
antibiotics 

Converted mainly to 
idarubicinol by 
aldoketoreductase (as active 
as parent drug).  Less 
superoxide generation in vitro 
relative to daunorubicin and 

Potential for cytochrome-mediated 
interactions with ARVs appears 
minimal. 

Unlikely to result in detrimental 
pharmacokinetic interactions 
with combined HAART. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
doxorubicin. 

Ifosfamide89, 90 
(Ifex®) 

Alkylating 
Agents 

CYP3A4 to active metabolite.  
3A4 and 2B6 involved in 
detoxification.  3A4 
metabolism of (S)-ifosfamide 
may generate neurotoxic 
metabolite. 

Induction of 3A4 may ↑ activation of 
the drug, but may also produce more 
potentially neurotoxic metabolite. 
Inhibition of 3A4 is not 
recommended, since it would 
theoretically inhibit drug activation. 

May need to hold antiretrovirals 
or change to regimen without 
potential for 3A4 inhibition if 
concomitant therapy with 
ifosfamide needed. 
Induction of 3A4 may ↑ efficacy 
and toxicity of ifosfamide (i.e. 
myelosuppression, arrhythmia, 
hemorrhagic cystitis). 

Imatinib91 
(Gleevec®) 

Tyrosine kinase 
inhibitor 

Extensively metabolized by 
CYP3A4; other P450 
enzymes play minor role.  An 
N-demethylated piperazine 
derivative is the main 
circulating metabolite, which 
has in vitro activity similar to 
the parent compound. 
 
In vitro, imatinib was 
metabolized to the active 
metabolite CGP74588 by 
CYP3A4 and CYP3A5 and, to 
a lesser extent, by CYP2D6. 
Imatinib significantly inhibits 
CYP3A4 activity in vitro. 

Caution is recommended when 
administering imatinib with CYP3A4 
inhibitors; potential for ↑ plasma 
levels of imatinib.  Imatinib may also 
theoretically ↑ levels of PIs/NNRTIs. 
 
11 cancer patients receiving imatinib 
for at least 2 months were 
administered ritonavir 600 mg daily 
for 3 days.  Imatinib AUC was 
unchanged from days 1 to 4, and 
ritonavir day 4 AUC and Cmax were 
comparable to historical data.  In 
vitro, ritonavir (1 micromol/L) 
completely inhibited CYP3A4-
mediated metabolism of imatinib to 
CGP74588 but inhibited metabolism 
in microsomes by only 50%.  At 
steady state, it appears that imatinib 
is insensitive to potent CYP3A4 
inhibition and relies on alternate 
elimination pathways.  However, 
these findings may not be 
representative of chronic co-
administration of both drugs92. 

Monitor patients for signs of 
imatinib dose-related adverse 
events (fluid retention/weight 
gain, nausea and vomiting, 
neutropenia). 

Irinotecan93 
(Camptosar®) 
 

 

Camptothecins hCE2 to SN-38 metabolite 
(active); CYP3A4 and 
glucuronidation to inactive 
metabolites. 

Inhibition of 3A4 may ↑ formation of 
SN-38.  Induction of 3A4 or 
glucuronidation may ↑ conversion of 
SN-38 to inactive metabolites. 

Inhibition of 3A4 may ↑ risk and 
severity of myelosuppression.  
Induction of 3A4 or 
glucuronidation may ↓ efficacy of 
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The effect of lopinavir/ritonavir on 
the pharmacokinetics of irinotecan 
(CPT11) was investigated in 7 
patients with Kaposi's sarcoma. 
Coadministration of LPV/RTV 
resulted in 47% ↓ clearance of 
CPT11 (P=0.0008), and was 
associated with an 81% ↓ in AUC 
(P=0.02) of the oxidized inactive 
metabolite APC (7-ethyl-10-[4-N- (5-
aminopentanoic-acid)-1-piperidino]-
carbonyloxycamptothecin). LPV/RTV 
also inhibited the formation of SN38 
glucuronide (SN38G), with a 36% ↓ 
in the SN38G/SN38 AUCs ratio 
(P=0.002) consistent with UGT1A1 
inhibition by LPV/RTV. This dual 
effect resulted in increased 
availability of CPT11 for SN38 
conversion and reduced inactivation 
on SN38, leading to a 204% increase 
(P=0.0001) in SN38 AUC in the 
presence of LPV/RTV.   One patient 
had to stop irenotecan therapy 
despite 50% dose ↓ due to persistent 
grade 2 neutropenia.  The clinical 
significance of this interaction 
requires further investigation.94 
 
Potential for ↑ irenotecan-related 
toxicities with atazanavir, which also 
inhibits UGT1A1. 

drug. 
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Lapatinib95 
(Tykerb®) 

Dual tyrosine 
kinase inhibitor 

Extensively metabolized by 
CYP3A4.  Lapatinib inhibits 
CYP3A4 and 2C8. 
Lapatinib is also a substrate 
for P-gp and BCRP, and 
inhibits P-gp, BCRP and 
OATP1A1 in vitro.   

Potential for ↑ lapatinib 
concentrations with CYP3A4 
inhibitors including PIs.  In healthy 
subjects, coadministration of 
ketoconazole 200 mg BID for 7 days 
plus lapatinib resulted in 3.6-fold ↑ 
lapatinib AUC.   
 
Potential for ↓ lapatinib 
concentrations with CYP3A4 
inducers including NNRTIs.  In 
healthy subjects, administration of 
lapatinib in the presence of chronic 
carbamazepine resulted in 72% ↓ 
lapatinib AUC. 

Avoid concomitant use of strong 
CYP3A4 inhibitors or inducers if 
possible, or consider dose 
adjustment of lapatinib.  With 
strong CYP3A4 inhibitors, dose 
reduction from 1250 mg to 500 
mg daily is anticipated to provide 
lapatinib AUC in the target 
range.  If the strong CYP3A4 
inhibitor is discontinued, a one 
week washout period is 
recommended before the 
lapatinib dose is readjusted 
upwards.   
 
Coadministration with moderate 
CYP3A4 inhibitors should be 
done with caution, and patients 
should be carefully monitored for 
adverse reactions. 
 
If patients require therapy with a 
strong CYP3A4 inducer, the 
lapatinib dose may be titrated 
gradually from 1250 mg up to 
4500 mg daily based on 
tolerability.  If the strong inducer 
is discontinued, lapatinib dose 
should be reduced over 
approximately 2 weeks to the 
indicated dose. 

Lenalidomide96 
(Revlimid®) 
 

Immunomodula
tory agent 

In vitro lenalidomide is not a 
substrate, inhibitor or inducer 
of cytochrome P450 
enzymes.  

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Letrozole3, 97 
(Femara®) 

Endocrine 
Therapies 

Metabolized to carbinol 
metabolite (inactive) by 
CYP2A6 and 3A4. 
Inhibits CYP2A6 and 2C19. 

Potential for ↑ levels with 3A4 
inhibitors; possible ↓ levels and 
efficacy with 3A4 inducers. 

Similar interaction potential as 
with exemestane. 
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Lomustine98, 99 
(Ceenu®) 

Alkylating 
Agents 

Extensive first pass 
metabolism to metabolites 
with ↑ activity and ↓ toxicity 
relative to parent.  Exact 
isoenzymes involved 
unknown. 

Potential for interaction with CYP450 
inhibitors (i.e. ↑ availability of parent 
drug, therefore ↓ efficacy and ↑ 
toxicity). 

May need to hold antiretrovirals 
or consider use of non-CYP 
inhibiting regimen during 
concomitant lomustine therapy. 

Mechlorethamine100 
(Mustargen®) 
 

Alkylating 
Agents 

Rapid chemical 
transformation. 

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Melphalan101 
(Alkeran®) 

Alkylating 
Agents 

Spontaneous chemical 
degradation in plasma to 
inactive metabolites. 

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Mercaptopurine102 
(Purinethol®) 

Antimetabolite Converted into active 
thioguanine nucleotides by 
the enzyme xanthine oxidase. 
Also undergoes methylation 
by enzyme thiopurine 
methyltransferase to form S-
methylated nucleotides, 
which are also cytotoxic. 

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Methylprednisolone
42-50 

Steroids CYP3A4 ↑ risk of steroid related toxicity with 
3A4 inhibitors.  Possible ↓ efficacy 
with 3A4 inducers. 

Possible ↑ levels and 
pharmacodynamic effects of 
steroids when used concurrently 
with PIs and delavirdine.  
Opposite effect likely with 
nevirapine and efavirenz.  May 
need to hold HAART in patients 
receiving prolonged steroid 
therapy.  Alternatively, consider 
use of non-3A4 inducing steroid 
or antiretroviral therapeutic drug 
monitoring if combination is 
necessary. 

Methotrexate 
(Metoject®) 

Antimetabolite Metabolized in the liver; 
almost all drug is excreted 
unchanged in urine. 

Avoid concomitant therapy with 
cotrimoxazole, pyrimethamine, 
NSAIDS (with high-dose 
methotrexate) due to increased risk 
of methotrexate toxicity.  Increased 
monitoring of renal function with 

Methotrexate toxicity includes 
leukopenia, thrombocytopenia, 
anemia, nephrotoxicity, mucosal 
ulcerations.   
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concomitant tenofovir may be 
warranted. 

Mitomycin59, 103-106 
 

Antitumour 
antibiotics 

Exact pathway unclear.  
CYP450 may be involved in 
reductive bioactivation, but 
multiple other enzymes also 
participate in this process. 

Potential for interactions with ARVs 
unclear.  Since multiple pathways for 
bioactivation, modulation of CYP450 
may not be significant. 
 
Case series of 21 HIV-positive 
subjects on HAART (7 NRTI only, 6 
on PI, 6 on NNRTI and 2 on 
PI/NNRTI containing regimens) with 
anal carcinoma who received 
radiotherapy plus mitomycin C and 5-
fluourouracil without need for dose 
reductions.  The complete response 
rate was 81%, and 62% remained 
free of any tumor relapse during 
additional follow-up (median, 53 
months), and there was no increased 
risk of HIV progression.83 

Further study needed. 

Mitoxantrone107-111 Antitumour 
antibiotics 

Metabolized to inactive 
carboxylic acid derivatives 
(exact pathway unclear).  In 
vitro evidence that CYP450 
involved in oxidation to 
reactive intermediate. 

Potential for interactions unknown.  
In vitro inhibition of CYP450 
ameliorates mitoxantrone 
cytotoxicity; impact on 
antiproliferative effect unknown. 

Possible ↓ efficacy and toxicity 
with inhibitors of CYP450.  
Further study needed. 

Nilotinib112 
(Tasigna®) 

Protein tyrosine 
kinase inhibitor 

Primarily metabolized by 
CYP3A4; also a substrate for 
P-gp.   
 
Nilotinib is a competitive 
inhibitor of CYP3A4, 
CYP2C8, CYP2C9, and 
CYP2D6 in vitro.  It also 
inhibits P-gp at an 
intracellular level. 

Possibility of ↑ levels of nilotinib and 
↑ toxicity with CYP3A4 inhibitors, 
including PIs.  A decrease in the 
dosage or an adjustment of the 
dosing interval of nilotinib may be 
necessary for patients requiring co-
administration with strong CYP3A 
inhibitors such as ritonavir.33  
 
In healthy volunteers, the 
bioavailability of nilotinib was 
increased 3-fold when 
coadministered with ketoconazole. 

The administration of nilotinib 
with strong CYP3A4 inhibitors 
should be avoided.  If this is not 
possible, it is recommended to 
interrupt nilotinib therapy, 
otherwise close monitoring for 
QT interval prolongation is 
indicated.    
 
Based on pharmacokinetic data, 
nilotinib dose may be reduced 
from 400 mg twice daily to once 
daily in the presence of strong 
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Potential for ↓ nilotinib 
concentrations with CYP3A4 
inducers including NNRTIs.  An 80% 
↓ nilotinib concentrations was 
observed in the presence of chronic 
rifampin.76 
 
Potential for ↑ concentrations of PIs 
or NNRTIs.   

CYP3A4 inhibitors.76  
 
In patients for whom CYP3A4 
inducers are indicated, 
alternative agents with less 
enzyme induction potential 
should be considered. 
 
May also wish to consider 
antiretroviral TDM. 

Oxaliplatin113 
(Eloxatin®) 

Alkylating 
Agent 

Undergoes extensive 
nonenzymatic 
biotransformation. There is no 
evidence of cytochrome 
P450-mediated metabolism in 
vitro. 

Potential for interactions with ARVs 
appears minimal. 
 
Case series of 5 HIV-positive 
patients on HAART (4 PI, 1 NRTI) 
with advanced colorectal cancer who 
were treated with oxaliplatin, 
leucovorin and fluourouracil 
(FOLFOX-4 regimen) without 
apparent increase in antineoplastic-
associated toxicity.84 
 
Case series of 4 HIV/HCV-coinfected 
subjects with advanced 
hepatocarcinoma on HAART (agents 
not specified) who received 
oxaliplatin and capecitabine with no 
apparent interaction or increased 
toxicity.18 

No detrimental interactions 
anticipated with combined 
HAART. 

Paclitaxel114-117 
(Taxol®) 

 

Taxanes CYP2C8 > CYP3A4 
 

Case reports of ↑ paclitaxel levels 
and toxicity when concomitant 3A4 
inhibitors were administered. 
Conversely, possibility of ↓ levels 
with 3A4 inducers.  Effect may be 
more pronounced with docetaxel, 
since 3A4 is main enzyme involved 
in metabolism. 
 
Life-threatening paclitaxel toxicity 

↑ taxane levels may ↑ risk and 
severity of myelosuppression, 
liver function test elevations, 
constitutional symptoms and 
peripheral neuropathy. 
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was observed in two HIV-positive 
patients treated with paclitaxel 100 
mg/m2 IV for refractory KS.  The first 
patient was on didanosine, 
delavirdine and lopinavir/ritonavir.  
Two days after receiving paclitaxel, 
he developed myalgias and 
arthralgias, and by day 8 he was 
acutely ill, neutropenic and died of 
sepsis.  The second patient was on 
indinavir 800/ritonavir 200 mg BID 
and developed febrile neutropenia on 
day 7 after starting paclitaxel.  A 
second course of paclitaxel resulted 
in profound cytopenia and total body 
alopecia.  Subsequently, his 
paclitaxel dose was reduced to 60 
mg/m2 and was tolerated for 6 
cycles.118 
 
In 34 HIV-positive patients with KS 
who received paclitaxel 100 mg/m2, 
paclitaxel exposure was higher in 
patients taking protease inhibitors 
(either indinavir, nelfinavir, or 
both) compared to those who not 
taking protease inhibitors. The 
increased exposure did not correlate 
with efficacy or toxicity. Of the 20 
patients assessable for response, 6 
(30%) had an objective response and 
median progression-free survival was 
7.8 months (95% confidence interval, 
5.6, 21.0 months).119   
 
In a case report of an HIV-positive 
patient with Kaposi’s sarcoma who 
received paclitaxel 100 mg/m2 with 
concomitant nevirapine-based 
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therapy, nevirapine concentrations 
were not altered in the presence of 
paclitaxel, and paclitaxel 
concentrations were comparable to 
historical controls.120 

Prednisone121-124 Steroids Converted to active 
metabolite prednisolone by 
11β-hydroxy-dehydrogenase 
(non-CYP mediated).  
Prednisone and prednisolone 
also substrates of cytochrome 
P450 system; 3A4 likely 
involved, but other 
isoenzymes also probable. 
 

↑ risk of steroid related toxicity with 
3A4 inhibitors (possible lower 
propensity for adverse interaction 
relative to dexamethasone or 
methylprednisolone).  Possible ↓ 
efficacy with 3A4 inducers.   
 
Case report of a 55 year old male 
with newly diagnosed advanced HIV 
and large B-cell lymphoma who 
simultaneously began abacavir, 
lamivudine and raltegravir and 
CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) 
with intrathecal methotrexate.  The 
patient achieved and maintained an 
undetectable viral load throughout 6 
CHOP cycles.  Two months after the 
patient completed chemotherapy, 
a positron emission tomography scan 
indicated no active lymphoma.28 

Monitor for ↑ pharmacodynamic 
effects with PIs and delavirdine.  
Monitor for loss of efficacy with 
nevirapine and efavirenz. 

Procarbazine125, 126 

 
Alkylating 
Agent 

CYP2B > 1A to active 
metabolites. 

Inhibition of CYP1A or 2B 
isoenzymes may ↓ efficacy of drug.  
Induction of CYP1A or 2B may 
potentially ↑ activity and/or toxicity. 

Potential for ↑ efficacy/toxicity of 
drug with CYP2B6 or 1A 
inducers (e.g., ritonavir, 
nelfinavir, efavirenz, nevirapine, 
tipranavir). 

Sorafenib127 
(Nexavar®) 

Multikinase 
inhibitor 

Metabolized by CYP3A4 and 
glucuronidated by UGT1A9.  
Sorafenib inhibits UGT1A1 
and UGT1A9.  Sorafenib also 
inhibts CYP2B6 and 2C8 in 
vitro.  Sorafenib does not 
inhibit or induce CYP3A4, 
2D6, or 2C19. 

Coadministration of sorafenib and 
ketoconazole once daily for 7 days in 
healthy male volunteers did not alter 
the mean AUC of 50 mg single dose 
sorafenib, likely due to sorafenib 
metabolism via alternate pathways 
including UGT1A9.   Therefore, 
interactions between sorafenib and 

Caution is recommended when 
administering sorafenib together 
with compounds that are 
metabolized/eliminated 
predominantly by the UGT1A1 
and UGT1A9 pathways (eg, 
irinotecan).  
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CYP3A4 inhibitors are unlikely. 
  
Potential for ↓ levels and efficacy 
with 3A4 inducers. Co-administration 
with chronic rifampicin resulted in 
24% ↓ combined AUC of sorafenib 
plus its primary active metabolite; 
clinical significance is unknown. 

Raltegravir clearance is 
mediated by UGT1A1, and 
hence concentrations may 
potentially by ↑ by sorafenib.  
However, the clinical 
significance of this is unclear, as 
raltegravir is generally well 
tolerated and toxicity does not 
appear to be dose-related. 

Sunitinib128 
(Sutent®) 

Multitargeted 
tyrosine kinase 
inhibitor 

Metabolized primarily by 
CYP3A4 to active metabolite 
SU012662 which is also 
metabolized by CYP3A4.  
Sunitinib does not inhibit or 
induce CYP3A4 or other CYP 
isozymes in vitro. 

Potential for ↑ concentrations with 
CYP3A4 inhibitors.  In healthy 
volunteers, coadministration of single 
dose sunitinib and ketoconazole led 
to 49% ↑ Cmax and 51% ↑ AUC of 
sunitinib plus its active metabolite. 
 
Potential for ↓ concentrations with 
CYP3A4 inducers.  In healthy 
volunteers, coadministration of single 
dose sunitinib and rifampin led to 
23% ↓ Cmax and 46% ↓ AUC of 
combined sunitinib plus its active 
metabolite.   

Avoid concomitant 
administration of CYP3A4 
inhibitors such as PIs or 
inducers such as NNRTIs if 
possible.   
 
Sunitinib dose may be reduced 
in 12.5 mg/day increments down 
to 25 mg/day in patients 
receiving CYP3A4 inhibitors, and 
may be increased in 12.5 
mg/day increments up to 50 mg 
mg/day in patients receiving 
CYP3A4 inducers.  Clinical 
response and tolerability should 
be monitored carefully. 

Streptozocin129, 130 
(Zanosar®) 

Alkylating 
Agents 

Spontaneous degradation to 
active methylcarbonium ion.  
Other metabolites present, 
although route of metabolism 
unclear. 

Potential for interactions with 
antiretrovirals is unknown. 

In absence of data, monitor for 
changes in serum creatinine, 
urea and proteinuria, since major 
dose limiting side effect is 
nephrotoxicity. 

Tamoxifen131-145 

(Tamofen®) 
 
 
 
 
 
 
 

Endocrine 
Therapies 

Multiple isoenzymes involved: 
3A4>1A2 to N-
desmethyltamoxifen (main 
route) 
2D6, 2C9/19, 3A4 and 2B6 to 
trans-4-hydroxytamoxifen 
(minor route) 
3A4 may also be involved in 
generation of toxic α-OH 

CYP3A4 induction may ↓ levels of 
parent and metabolite.  Inhibition of 
3A4 may ↑ efficacy (↑ substrate 
available for conversion to active 
metabolites by other isoforms) and ↑ 
risk of tamoxifen side effects. 
Induction of 3A4 by tamoxifen may ↓ 
NNRTI or PI levels. 
 

May need to consider hold 
antiretrovirals or use non-
CYP3A4 dependent regimen in 
patients receiving concurrent 
tamoxifen, due to potential for ↓ 
PI or NNRTI level.   
Inhibition of 3A4 may ↑ risk and 
severity of tamoxifen related side 
effects (e.g. hot flushes, nausea 
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metabolites and DNA 
adducts.  May induce 3A4. 

Pharmacokinetic interaction with 
CYP2D6 inhibitors, showing a 
reduction in plasma level of an active 
tamoxifen citrate metabolite, 4-
hydroxy-N-desmethyltamoxifen 
(endoxifen), has been reported in the 
literature.  

and vomiting). 
 
Avoid concomitant use of 
CYP2D6 inhibitors (risk of ↓ 
concentrations of active 
metabolite).   

Temozolomide146 
(Temodal®) 

Alkylating 
agent 

Undergoes non-enzymatic 
hydrolysis to MTIC, followed 
by renal excretion. 
Cytochrome P450-mediated 
metabolism does not 
contribute significantly to the 
plasma clearance of 
temozolomide. 

Potential for pharmacokinetic 
interactions with ARVs appears 
minimal. 
 
In a small case series, continuous 
low-dose temozolomide treatment 
was well tolerated in two HIV-positive 
patients on HAART (agents not 
specified) with glioblastoma 
multiforme.147 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART.  Monitor for 
additive lymphopenia with 
zidovudine. 

Temsirolimus148 
(Torisel®) 

mTOR inhibitor CYP3A4 to five metabolites, 
including active metabolite 
sirolimus. 
 
Temsirolimus inhibits 
CYP3A4 and 2D6 in vitro.  It 
is also a substrate and 
potential inhibitor of P-
glycoprotein. 

Potential for ↑ temsirolimus 
concentrations with CYP3A4 
inhibitors including PIs.  In healthy 
subjects, coadministration of 
temsirolimus and ketoconazole 400 
mg did not significantly affect 
temsirolimus pharmacokinetics, but 
sirolimus AUC ↑ 3.1-fold, and 
AUCsum ↑ 2.3-fold compared to 
temsirolimus alone. A 51% ↑ in 
sirolimus half-life and 69% ↓ in 
clearance were also observed.149 
 
Potential for ↓ temsirolimus 
concentrations with CYP3A4 
inducers, including NNRTIs.  When 
co-administered with rifampin 600 
mg, temsirolimus pharmacokinetics 
were not significantly affected, but 
sirolimus Cmax ↓ 65% and AUC ↓ 
56%, while AUCsum ↓ 41% 

Concomitant use of strong 
CYP3A4 inhibitors or inducers 
should be avoided.  In patients 
who are on CYP3A4 inhibitors, 
temsirolimus dose reduction to 
12.5 mg per week may be 
considered, although this is not 
supported by clinical data.76 
 
In patients on a CYP3A4 
inducer, temsirolimus dose 
increase to 50 mg per week may 
be considered, based on 
pharmacokinetic modeling.76 
 
Caution should be taken 
when temsirolimus is co-
administered with agents that 
are metabolized by CYP2D6. 
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compared to temsirolimus alone.150 
 
In healthy subjects, co-administration 
of single dose administration of 
desipramine (a CYP2D6 substrate) 
50 mg and 25 mg IV temsirolumus 
did not alter exposure of desipramine 
and the combination was well 
tolerated.151 

Teniposide78-81 
(Vumon®) 

Epipodophyllo-
toxins 

CYP3A4 (main); CYP2E1, 
1A2 (minor) 
 
 

Possibility of ↑ levels with 3A4 
inhibitors, and ↓ levels with 3A4 
inducers. 
 

↑ etoposide levels may ↑ risk 
and severity of mucositis, 
myelosuppression and 
transaminitis. ↑ teniposide levels 
may ↑ risk and severity of 
myelosuppression. 

Thalidomide152 
(Thalomid®, 
Celgene®) 
  

Immunomodula
ting agent 

Undergoes non-enzymatic 
hydrolysis in plasma. 

Cytochrome-mediated interactions 
are unlikely. 

Use with caution with agents that 
may cause peripheral 
neuropathy, including didanosine 
and stavudine. 

Thioguanine153 
(Lanvis®) 

Antimetabolite Undergoes methylation to 2-
amino-6-methyl-thiopurine 
and deamination to 2-
hydroxyl-6-mercaptopurine. 

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

Thiotepa154-157 Alkylating 
Agents 

CYP3A4 > 2B6 to active 
metabolite (TEPA). 
 

Induction of 3A4 may ↑ TEPA 
production, whereas inhibition may ↓ 
formation of pharmacologically active 
metabolite. 

May need to hold antiretroviral 
regimens with 3A4 inhibiting 
drugs, or change to agents that 
do not inhibit 3A4 when 
concurrent therapy with thiotepa 
needed. 

Topotecan158-160 

(Hycamtin®) 
 

Camptothecins Non-enzymatic hydrolysis to 
inactive species (main).  
CYP450 system (minor; 
isoenzyme unknown), 
glucuronidation (minor). 

CYP450 induction may ↑ conversion 
to active metabolite; may ↓ drug 
efficacy if ↓ in lactone exposure > 
metabolite production.  Inhibition of 
CYP450 may not be clinically 
relevant, since minor route of 
metabolism. 

Induction of CYP450 and/or 
glucuronidation may ↓ efficacy of 
topotecan. 
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Toremifene161 Endocrine 

Therapies 
CYP3A4 to active 
metabolites. 

Induction of CYP3A4 may ↓ levels of 
both parent and active metabolite (N-
demethyltoremifene).  Inhibition of 
3A4 may ↑ levels of parent drug 
and/or compromise efficacy. 

Nevirapine and efavirenz may 
compromise toremifene efficacy 
by ↓ levels of drug.  Inhibition of 
3A4 may ↑ risk and severity of 
side effects. 

Vincristine 
(Oncovin®), 
vinblastine 
(Velbe®) and 
vinorelbine162-167 
(Navelbine®) 

Vinca Alkaloids CYP3A4 
 
Vinblastine may induce 
CYP3A4.168 

Possibility of ↑ levels with 3A4 
inhibitors, and ↓ levels with 3A4 
inducers. 
 
Case report of a potentially life-
threatening interaction between 
vinblastine and antiretroviral therapy 
in an HIV-postive patient receiving 
abacavir, lamivudine, zidovudine, 
nevirapine and lopinavir/ritonavir 
along with vinblastine for multicentric 
Castleman's disease.   The first 
course of vinblastine was well 
tolerated at the usual dose of 6 
mg/m2, in the absence of HAART.   
HAART was subsequently resumed 
for two following courses of 
vinblastine therapy, resulting in 
unexpected severe digestive and 
haematological toxicities, and 
moderate renal failure.  HAART was 
discontinued and vinblastine was 
again tolerated without toxicity.  
When HAART was reinitiated, a 
decreased vinblastine dose of 2 
mg/m2 was well tolerated.169 
 
Case report of an HIV-infected 
patient on abacavir, 3TC and 
lopinavir/ritonavir who was 
diagnosed with Burkitt lymphoma 
and received cyclophosphamide, 
doxorubicin, methotrexate and 
vincristine.  At day 12 the patient 

↑ vinca levels may ↑ risk and 
severity of autonomic and 
peripheral neuropathy, and 
myelosuppression. 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
developed paralytic ileus lasting 10 
days.  For the subsequent cycle of 
chemotherapy, vincristine was 
replaced with etoposide and was well 
tolerated.  The authors speculated 
that an interaction between 
lopinavir/ritonavir and vincristine was 
responsible for the adverse event.170 
 
In a retrospective comparison of HIV-
positive patients treated with 
cyclophosphamide, doxorubicin, 
vincristine and prednisolone (CHOP) 
for non-Hodgkin lymphoma with and 
without concurrent PI-based 
HAART, the patients on HAART had 
a significantly higher incidence of 
autonomic neuropathy (17% vs 0%, 
respectively, p = 0.002).  This was 
presumed to be due to the interaction 
between vincristine and PIs.  Severe 
anemia and CSF use was higher in 
the HAART group (58% were on 
zidovudine/lamivudine), other toxicity 
was similar in the two groups. 
Compared to the non-HAART group, 
the HAART group had a significantly 
lower incidence of opportunistic 
infections (18% vs. 52%, p = 0.05) 
and mortality (38% vs. 85%, p = 
0.001).171 
 
In a retrospective review of 16 HIV-
positive patients on cART (n=5 on 
boosted PI, 2 on unboosted PI, 8 on 
NNRTI, 1 on raltegravir) who 
received vinblastine-based regimens 
for Hodgkin’s lymphoma, PI use was 
independently associated with  
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
WHO grade III–IV neutropenia (OR 
34.3, 95%CI 1.9–602.4; P=0.02).   
An inverse correlation between 
ritonavir dose and mean nadir 
neutrophil count was found.172 
 
Report of 3 patients who experienced 
severe vinblastine-associated 
neurotoxicity during treatment with 
ABVD for Hodgkin’s lymphoma while 
on lopinavir/ritonavir-based cART.  
Two cases were characterized by 
early-onset autonomic neuropathy 
with severe medical ileus requiring 
hospitalization, and the last patient 
developed late-onset but severe and 
painful peripheral neuropathy.173    
 
Case report of a 55 year old male 
with newly diagnosed advanced HIV 
and large B-cell lymphoma who 
simultaneously began abacavir, 
lamivudine and raltegravir and 
CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) 
with intrathecal methotrexate.  The 
patient achieved and maintained an 
undetectable viral load throughout 6 
CHOP cycles.  Two months after the 
patient completed chemotherapy, 
a positron emission tomography scan 
indicated no active lymphoma.28 
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Drug Class Metabolism Actual/Theoretical Interaction Comments 
Vorinostat174 
(Zolinza®) 

Histone 
deacetylase 
inhibitor 

Major pathways of 
metabolism include 
glucuronidation and 
hydrolysis followed by β-
oxidation; neglible 
involvement of CYP 
enzymes.   

Cytochrome-mediated interactions 
are unlikely. 

No detrimental pharmacokinetic 
interactions anticipated with 
combined HAART. 

 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 27 of 37  

References 

1. Damia G, D’Incalci M. Clinical pharmacokinetics of altretamine. Clin Pharmacokinet 1995;28:439-
48. 

 
2. ATAC Trialists’ Group. Pharmacokinetics of anastrozole and tamoxifen alone, and in combination, 

during adjuvant endocrine therapy for early breast cancer in postmenopausal women: a sub-
protocol of the ‘ArimidexTM and tamoxifen alone or in combination’ (ATAC) trial. Br J Cancer 
2001;85:317-24. 

 
3. Buzdar AU, Robertson JFR, Eirmann W, et al. An overview of the pharmacology and 

pharmacokinetics of the newer generation aromatase inhibitors anastrozole, letrozole and 
exemestane. Cancer 2002;95:2006-16. 

 
4. Eisai Inc. Bexarotene (Taregretin) Capsules Package Insert. Woodcliff Lake, NJ 2007. 
 
5. Desnoyer A, Al Kaied F, Descamps D, et al. Deleterious pharmacokinetic interaction between 

bexarotene and efavirenz AIDS 2010;24(14):2296-8. 
 
6. Balis FM, Holcenberg JS, Bleyer WA. Clinical pharmacokinetics of commonly used anticancer 

drugs. Clin Pharmacokinet 1983;8:202-32. 
 
7. Montgomery MR, Furry J, Fernandez S. Bleomycin inhibits hepatic mixed function oxidation. Res 

Commun Chem Pathol Pharmacol 1981;34:287-93. 
 
8. Janssen-Ortho Inc. Sporanox (itraconazole) Product Monograph. Toronto 2008. 
 
9. Lu C, Gallegos R, Li P, et al. Investigation of drug-drug interaction potential of bortezomib in vivo 

in female Sprague-Dawley rats and in vitro in human liver microsomes. Drug Metab Dispos 
2006;34:702-8. 

 
10. Uttamsingh V, Lu C, Miwa G, et al. Relative contributions of the five major human cytochromes 

P450, 1A2, 2C9, 2C19, 2D6 and 3A4, to the hepatic metabolism of the proteosome inhibitor 
bortezomib. Drug Metab Dispos 2005;33:1723-8. 

 
11. Buggia I, Zecca M, Alessandrino EP, et al. Itraconazole can increase systemic exposure to 

busulfan in patients given bone marrow transplantation.  GITMO (Gruppo Italiano Trapianto di 
Midollo Osseo). Anticancer Res 1996;16:2083-8. 

 
12. Czerwinski M, Gibbs JP, Slattery JT. Busulfan conjugation by glutathione S-transferases alpha, 

mu, and pi. Drug Metab Dispos 1996;24:1015-9. 
 
13. Gibbs JP, Czerwinski M, Slattery JT. Busulfan-glutathione conjugation catalyzed by human liver 

cytosolic glutathione S-transferases. Cancer Res 1996;56:3678-81. 
 
14. Marchand DH, Remmel RP, Abdel-Monem MM. Biliary excretion of a glutathione conjugate of 

busulfan and 1,4-diiodobutane in the rat. Drug Metab Dispos 1993;16:85-92. 
 
15. Poonkuzhali B, Chandy M, Srivastava A, et al. Glutathione S-transferase activity influences 

busulfan pharmacokinetics in patients with beta thalassemia major undergoing bone marrow 
transplantation. Drug Metab Dispos 2001;29:264-7. 

 
16. Roche. Capecitabine (Xeloda) Prescribing Information.  2008. 
 
17. Janney LM, Waterbury NV. Capecitabine-warfarin interaction. Ann Pharmacother 2005;39:1546-

51. 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 28 of 37  

 
18. Berretta M, Lleshi A, Di Benedetto F, et al. Oxaliplatin and capecitabine (Xelox) in association 

with highly active antiretroviral therapy in advanced hepatocarcinoma HIV/HCV-infected patients. 
Ann Oncol 2006;17(7):1176-7. 

 
19. Alberts DS, Chang SY, Chen HS, et al. Comparative pharmacokinetics of chlorambucil and 

melphalan in man. Recent Results Cancer Res 1980;74:124-31. 
 
20. McLean A, Newell D, Baker G, et al. The metabolism of chlorambucil. Biochem Pharmacol 

1980;29:2039-47. 
 
21. Go RS, Adjei AA. Review of the comparative pharmacology and clinical activity of cisplatin and 

carboplatin. J Clin Oncol 1999;17:409-22. 
 
22. Jacobs C, Kalman SM, Tretton M, et al. Renal handling of cis-diamminedichloroplatinum(II). 

Cancer Treat Rep 1980;64:1223-6. 
 
23. LeRoy AF, Lutz RJ, Dedrick RL, et al. Pharmacokinetic study of cis-diamminedichloroplatinum (II) 

(DDP) in the beagle dog: thermodynamic and kinetic behaviour of DDP in a biologic milieu. 
Cancer Treat Rep 1979;63:59-71. 

 
24. Chang TK, Weber GF, Crespi CL, et al. Differential activation of cyclophosphamide and 

ifosphamide by cytochromes P450 2B and 3A in human liver microsomes. Cancer Res 
1993;53:5629-37. 

 
25. Huang Z, Roy P, Waxman DJ. Role of human liver microsomal CYP3A4 and CYP2B6 in 

catalyzing N-dechloroethylation of cyclophosphamide and ifosfamide. Biochem Pharmacol 
2000;59:961-72. 

 
26. Roy P, Yu LJ, Crespi CL, et al. Development of a substrate-activity based approach to identify the 

major human liver P-450 catalysts of cyclophosphamide and ifosfamide activation based on 
cDNA-expressed activities and liver microsomal P-450 profiles. Drug Metab Dispos 1999;27:655-
66. 

 
27. Yu L, Waxman DJ. Role of cytochrome P450 in oxazaphosphorine metabolism.  Deactivation via 

N-dechloroethylation and activation via 4-hydroxylation catalyzed by distinct subsets of rat liver 
cytochromes P450. Drug Metab Dispos 1996;24:1254-62. 

 
28. Fulco PP, Hynicka L, Rackley D. Raltegravir-based HAART regimen in a patient with large B-cell 

lymphoma. Ann Pharmacother 2010;44:377-82. 
 
29. Reid JM, Kuffel MJ, Miller JK, et al. Metabolic activation of dacarbazine by human cytochromes 

P450: the role of CYP1A1, CYP1A2, and CYP2E1. Clin Cancer Res 1999;5:2192-7. 
 
30. Tattersall MHN, Sodergren JE, Sengupta SK, et al. Pharmacokinetics of actinomycin D in patients 

with malignant melanoma. Clin Pharmacol Ther 1975;17:701-8. 
 
31. Bristol-Myers-Squibb Canada. Sprycel (dasatinib) Product Monograph. Montreal, QC 2009. 
 
32. Wang L, Christopher LJ, Cui D, et al. Identification of the human enzymes involved in the 

oxidative metabolism of dasatinib:  an effective approach for determining metabolite formation 
kinetics. Drug Metab Dispos 2008;36:1828-39. 

 
33. Abbott Laboratories Limited Canada. Norvir (ritonavir) Prescribing Information. Saint-Laurent, QC 

2011. 
 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 29 of 37  

34. Loveless H, Arena E, Felsted RL, et al. Comparative mammalian metabolism of adriamycin and 
daunorubicin. Cancer Res 1978;38:593-8. 

 
35. Lown JW, Chen HH. Electron paramagnetic resonance characterization and conformation of 

daunorubicin semiquinone intermediate implicated in anthracycline metabolism, cardiotoxicity, 
and anticancer action. Can J Chem 1981;59:3212-7. 

 
36. Takanashi S, Bachur NR. Daunorubicin metabolites in human urine. J Pharmacol Exp Ther 

1975;195:41-9. 
 
37. Fumagalli L, Zucchetti M, Parisi I, et al. The pharmacokinetics of liposomal encapsulated 

daunorubicin are not modified by HAART in patients with HIV-associate Kaposi’s sarcoma. 
Cancer Chemother Pharmacol 2000;45:495-501. 

 
38. Fumagalli LLF, Zucchetti M, Vigano MG, et al. Treatment of HIV-associated non-Hodgkin’s 

lymphoma with liposomal daunorubicin substituted CHOP and HAART: preliminary clinical results 
and CSF pharmacokinetic [abstract 136]. American Society of Clinical Oncology, 36th Annual 
Meeting, May 19-23, 2000, New Orleans, LA. 

 
39. Gill PS, Wernz J, Scadden DT, et al. Randomized phase III trial of liposomal daunorubicin versus 

doxorubicin, bleomycin, and vincristine in AIDS-related Kaposi’s sarcoma. J Clin Oncol 
1996;14:2353-64. 

 
40. Girard PM, Bouchaud O, Goetschel A, et al. Phase II study of liposomal encapsulated 

daunorubicin in the treatment of AIDS-associated mucocutaneous Kaposi’s sarcoma. AIDS 
1996;10:753-7. 

 
41. Melosky B, Gelmon K. Phase II trial of liposomal daunorubicin with concurrent protease inhibitors 

in AIDS-related Kaposi’s sarcoma (abstract 34). J Acquir Immune Defic Syndr 2000;23:A23. 
 
42. Gentile DM, Tomlinson ES, Maggs JL, et al. Dexamethasone metabolism by human liver in vitro.  

Metabolite identification and inhibition of 6-hydroxylation. J Pharmacol Exp Ther 1996;277:105-
12. 

 
43. Lebrun-Vignes B, Archer VC, Diquet B, et al. Effect of itraconazole on the pharmacokinetics of 

prednisolone and methylprednisolone and cortisol secretion in healthy subjects. Br J Clin 
Pharmacol 2001;51:443-50. 

 
44. McCune JS, Hawke RL, LeCluyse EL, et al. In vivo and in vitro induction of human cytochrome 

P4503A4 by dexamethasone. Clin Pharmacol Ther 2000;68:356-66. 
 
45. Ogg MS, Williams JM, Tarbit M, et al. A receptor gene assay to assess the molecular 

mechanisms of xenobiotic-dependent induction of the human CYP3A4 gene in vitro. Xenobiotica 
1999;29:269-79. 

 
46. Tomlinson ES, Lewis DFV, Maggs JL, et al. In vitro metabolism of dexamethasone (DEX) in 

human liver and kidney: the involvement of CYP3A4 and CYP17 (17,20 LYASE) and molecular 
modelling studies. Biochem Pharmacol 1997;54:605-11. 

 
47. Varis T, Kaukonen KM, Kivisto KT, et al. Plasma concentrations and effects of oral 

methylprednisolone are considerably increased by itraconazole. Clin Pharmacol Ther 
1998;64:363-8. 

 
48. Varis T, Kivisto KT, Backman JT, et al. Itraconazole decreases the clearance and enhances the 

effects of intravenously administered methylprednisolone in healthy volunteers. Pharmacol 
Toxicol 1999;85:29-32. 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 30 of 37  

 
49. Varis T, Kivisto KT, Backman JT, et al. The cytochrome P450 3A4 inhibitor itraconazole markedly 

increases the plasma concentrations of dexamethasone and enhances its adrenal-suppressant 
effect. Clin Pharmacol Ther 2000;68:487-94. 

 
50. Varis T, Kivisto KT, Neuvonen PJ. Grapefruit juice can increase the plasma concentrations of oral 

methylprednisolone. Eur J Clin Pharmacol 2000;56:489-93. 
 
51. Hirth J, Watkins PB, Strawderman M, et al. The effect of an individual’s cytochrome CYP3A4 

activity on docetaxel clearance. Clin Cancer Res 2000;6:1255-8. 
 
52. Marre F, Sanderink GJ, de Sousa G, et al. Hepatic biotransformation of docetaxel (Taxotere) in 

vitro: involvement of the CYP3A subfamily in humans. Cancer Res 1996;56:1296-302. 
 
53. Royer I, Monsarrat B, Sonnier M, et al. Metabolism of docetaxel by human cytochromes P450: 

interactions with paclitaxel and other antineoplastic drugs. Cancer Res 1996;56:56-65. 
 
54. Loulergue P, Mir O, Allali J, et al. Possible pharmacokinetic interaction involving ritonavir and 

docetaxel in a patient with Kaposi's sarcoma. AIDS 2008;22(10):1237-8. 
 
55. Oostendorp RL, Huitema A, Rosing H, et al. Coadministration of ritonavir strongly enhances the 

apparent oral bioavailability of docetaxel in patients with solid tumors. Clin Cancer Res 
2009;15(12):4228-33. 

 
56. Mir O, Dessard-Diana B, Louet AL, et al. Severe toxicity related to a pharmacokinetic interaction 

between docetaxel and ritonavir in HIV-infected patients. Br J Clin Pharmacol 2010;69(1):99-101. 
 
57. Bachur NR. Adriamycin (NSC-123127) pharmacology. Cancer Chemother Rep 1975;6:153-8. 
 
58. Benjamin RS, Riggs CE, Bachur NR. Plasma pharmacokinetics of adriamycin and its metabolites 

in humans with normal renal and hepatic function. Cancer Res 1977;37:1416-20. 
 
59. Goeptar AR, Groot EF, Scheerens H, et al. Cytotoxicity of mitomycin C and adriamycin in freshly 

isolated rat hepatocytes: the role of cytochrome P450. Cancer Res 1994;54:2411-8. 
 
60. Goeptar AR, Te Koppele JM, Lamme EK, et al. Cytochrome P450 2B1-mediated one-electron 

reduction of adriamycin: a study with rat liver microsomes and purified enzymes. Mol Pharmacol 
1993;44:1267-77. 

 
61. Riggs CE, Benjamin RS, Serpick AA, et al. Biliary disposition of adriamycin. Clin Pharmacol Ther 

1977;22:234-41. 
 
62. Takanashi S, Bachur NR. Adriamycin metabolism in man. Drug Metab Dispos 1967;4:79-87. 
 
63. Toffoli G, Errante D, Corona G, et al. Interactions of antineoplastic chemotherapy with zidovudine 

pharmacokinetics in patients with HIV-related neoplasms. Chemotherapy 1999;45:418-28. 
 
64. Amantea MA, Forrest A, Northfelt DW, et al. Population pharmacokinetics and 

pharmacodynamics of pegylated-liposomal doxorubicin in patients with AIDS-related Kaposi’s 
sarcoma. Clin Pharmacol Ther 1997;61:301-11. 

 
65. Coukell AJ, Spencer CM. Polyethylene glycol-liposomal doxorubicin.  A review of its 

pharmacodynamic and pharmacokinetic properties, and therapeutic efficacy in the management 
of AIDS-related Kaposi’s Sarcoma. Drugs 1997;53:520-38. 

 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 31 of 37  

66. Bruning PF. Droloxifene, a new anti-oestrogen in postmenopausal advanced breast cancer: 
preliminary results of a double-blind dose-finding phase II trial. Eur J Cancer 1992;28A(1404-7). 

 
67. Grill HJ, Pollow K. Pharmacokinetics of droloxifene and its metabolites in breast cancer patients. 

Am J Clin Oncol 1991;14(Suppl 2):S21-9. 
 
68. John BA, Brodie RR, Baldock GA, et al. Pharmacokinetics and metabolism of the anti-oestrogen 

droloxifene in female human subjects. Xenobiotica 2002;32:699-713. 
 
69. Cairo MS, Toy C, Sender L, et al. Effect of idarubicin and epirubicin on in vitro polymorphonuclear 

function: diminished superoxide radical formation compared to their parent compounds 
daunorubicin and doxorubicin. J Leukoc Biol 1990;47:224-33. 

 
70. Innocenti F, Iyer L, Ramirez J, et al. Epirubicin glucuronidation is catalyzed by human UDP-

glucuronosyltransferase 2B7. Drug Metab Dispos 2001;29:686-92. 
 
71. Mross K, Maessen P, van der Vijgh WJ, et al. Pharmacokinetics and metabolism of 

epidoxorubicin and doxorubicin in humans. J Clin Oncol 1988;6:517-26. 
 
72. Tjuljandin SA, Doig RG, Sobol MM, et al. Pharmacokinetics and toxicity of two schedules of high 

dose epirubicin. Cancer Res 1990;50:5095-101. 
 
73. Weenen H, Lankelma J, Penders PG, et al. Pharmacokinetics of 4-epi-doxorubicin in man. Invest 

New Drugs 1983;1:59-64. 
 
74. Hoffmann-La Roche Limited. Tarceva (erlotinib) Product Monograph. Mississauga, ON 2009. 
 
75. Erickson TM, Koeppe JR, Miller YE, et al. Bronchioloalveolar carcinoma presenting as chronic 

progressive pulmonary infiltrates in a woman with HIV: a diagnosis worth making. J Thorac Oncol 
2008;3(11):1353-5. 

 
76. Deeken JF, Pantanowitz L, Dezube BJ. Targeted therapies to treat non-AIDS-defining cancers in 

patients with HIV on HAART therapy:  treatment considerations and research outlook. Curr 
Opinion Oncology 2009;21:445-54. 

 
77. Pfizer Canada Inc. EMCYT (estramustine) Product Monograph. Kirkland, QC 2008. 
 
78. Kawashiro T, Yamashita K, Zhao XJ, et al. A study on the metabolism of etoposide and possible 

interactions with antitumor or supporting agents by human liver microsomes. J Pharmacol Exp 
Ther 1998;286:1294-300. 

 
79. Relling MV, Evans R, Dass C, et al. Human cytochrome P450 metabolism of teniposide and 

etoposide. J Pharmacol Exp Ther 1992;261:491-6. 
 
80. Relling MV, Nemec J, Schuetz EG, et al. O-demethylation of epipodophyllotoxins is catalyzed by 

human cytochrome P450 3A4. Mol Pharmacol 1994;45:352-8. 
 
81. Zhao XJ, Kawashiro T, Ishizaki T. Mutual inhibition between quinine and etoposide by human 

liver microsomes.  Evidence for cytochrome P4503A4 involvement in their major metabolic 
pathways. Drug Metab Dispos 1997;26:188-91. 

 
82. Sandoz Canada Inc. Fluorouracil (5-fluorouracil) Product Monograph. Boucherville, QC 2009. 
 
83. Fraunholz I, Weiss C, Eberlein K, et al. Concurrent chemoradiotherapy with 5-fluorouracil and 

mitomycin C for invasive anal carcinoma in human immunodeficiency virus-positive patients 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 32 of 37  

receiving highly active antiretroviral therapy. Int J Radiation Oncology Biol Phys 2010;76(5):1425-
32. 

 
84. Berretta M, Di Benedetto F, Bearz A, et al. FOLFOX-4 regimen with concomitant highly active 

antiretroviral therapy in metastatic colorectal cancer HIV-infected patients: a report of five cases 
and review of the literature. Cancer Invest 2008;26(6):610-4. 

 
85. Lonning PE, Geisler J, Johannessen DC, et al. Pharmacokinetics and metabolism of formestane 

in breast cancer patients. J Steroid Biochem Mol Biol 2001;77:39-47. 
 
86. Astra Zeneca Canada Inc. Iressa (gefitinib) Product Monograph. Mississauga, ON 2009. 
 
87. Camaggi CM, Strocchi E, Carisi P, et al. Idarubicin metabolism and pharmacokinetics after 

intravenous and oral administration in cancer patients: a crossover study. Cancer Chemother 
Pharmacol 1992;30:307-16. 

 
88. Gillies HC, Herriot D, Liang R, et al. Pharmacokinetics of idarubicin (4-demethoxydaunorubicin; 

IMI-30; NSC 256439) following intravenous and oral administration in patients with advanced 
cancer. Br J Clin Pharmacol 1987;23:303-10. 

 
89. Granvil CP, Madan A, Sharkawi M, et al. Role of CYP2B6 and CYP3A4 in the in vitro N-

dechloroethylation of (R)- and (S)-ifosfamide in human liver microsomes. Drug Metab Dispos 
1999;27:533-41. 

 
90. Roy P, Tretyakov O, Wright J, et al. Stereoselective metabolism of ifosfamide by human P-450s 

3A4 and 2B6.  Favourable metabolic properties of (R)-enantiomer. Drug Metab Dispos 
1999;27:1309-18. 

 
91. Peng B, Lloyd P, Schran H. Clinical pharmacokinetics of imatinib. Clin Pharmacokinet 

2005;44(9):879-94. 
 
92. van Erp NP, Gelderblom H, Karlsson MO, et al. Influence of CYP3A4 inhibition on the steady-

state pharmacokinetics of imatinib. Clin Cancer Res 2007 Dec 15;13(24):7394-400. 
 
93. Mathijssen RHJ, van Alpen RJ, Verweij J, et al. Clinical pharmacokinetics and metabolism of 

irinotecan (CPT-11). Clin Cancer Res 2001;7:2182-94. 
 
94. Corona G, Vaccher E, Sandron S, et al. Lopinavir-Ritonavir Dramatically Affects the 

Pharmacokinetics of Irinotecan in HIV Patients With Kaposi's Sarcoma. Clin Pharmacol Ther 
2008;83(4):601-6. 

 
95. GlaxoSmithKline. Tykerb (lapatinib) Product Monograph. Mississauga, ON 2009. 
 
96. Celgene. Revlimid (lenalidomide) Product Monograph. Oakville, ON 2008. 
 
97. Lamb HM, Adkins JC. Letrozole: a review of its use in postmenopausal women with advanced 

breast cancer. Drugs 1998;56:1125-40. 
 
98. Lee FY, Workman P, Roberts JT, et al. Clinical pharmacokinetics of oral CCNU (lomustine). 

Cancer Chemother Pharmacol 1985;14:125-31. 
 
99. Wheeler GP, Johnston TP, Bowdon BJ, et al. Comparison of the properties of metabolites of 

CCNU. Biochem Pharmacol 1977;26:2331-6. 
 
100. Lundbeck Inc. Product monograph.  Mustargen (mechlorethamine). Deerfield, IL 2009. 
 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 33 of 37  

101. Alberts DS, Chang SY, Chen HS, et al. Kinetics of intravenous melphalan. Clin Pharmacol Ther 
1979;26:73-80. 

 
102. Novopharm Limited. Purinethol (mercaptopurine) Product Monograph. Toronto, ON 2005. 
 
103. Crooke ST, Henderson M, Samson M, et al. Phase I study of oral mitomycin C. Cancer Treat Rep 

1976;60:1633-6. 
 
104. Cummings J, Spanswick VJ, Tomasz M, et al. Enzymology of mitomycin C metabolic activation in 

tumour tissue. Biochem Pharmacol 1998;56:405-14. 
 
105. den Hartigh J, McVie JG, van Oort WJ, et al. Pharmacokinetics of mitomycin C in humans. 

Cancer Res 1983;43:5017-21. 
 
106. Kerpel-Fronius S, Verwey J, Stuurman M, et al. Pharmacokinetics and toxicity of mitomycin C in 

rodents, given alone, in combination, or after induction of microsomal drug metabolism. Cancer 
Chemother Pharmacol 1988;22:104-8. 

 
107. Blanz J, Mewes K, Ehninger G, et al. Evidence for oxidative activation of mitoxantrone in human, 

pig, and rat. Drug Metab Dispos 1991;19:871-80. 
 
108. Chiccarelli FS, Morrison JA, Cosulich DB, et al. Identification of human urinary mitoxantrone 

metabolites. Cancer Res 1986;46:4858-61. 
 
109. Duthie SJ, Grant MH. The role of reductive and oxidative metabolism in the toxicity of 

mitoxantrone, adriamycin and menadione in human liver derived HepG2 hepatoma cells. Br J 
Cancer 1989;60:566-71. 

 
110. Ehninger G, Proksch B, Heinzel G, et al. Clinical pharmacology of mitoxantrone. Cancer Treat 

Rep 1986;70:1373-8. 
 
111. Mewes K, Blanz J, Ehninger G, et al. Cytochrome P-450-induced cytotoxicity of mitoxantrone by 

formation of electrophilic intermediates. Cancer Res 1993;53:5135-42. 
 
112. Novartis Pharmaceuticals Canada Inc. Tasigna (nilotinib) Product Monograph. Dorval, QC 2008. 
 
113. Sanofi-Aventis Canada Inc. Eloxatin (oxaliplatin) Product Monograph. Laval, QC 2009. 
 
114. Cresteil T, Monsarrat B, Alvinerie P, et al. Taxol metabolism by human liver microsomes: 

identification of cytochrome P450 involved in its biotransformation. Cancer Res 1994;54:386-92. 
 
115. Cresteil T, Monsarrat B, Dubois J, et al. Regioselective metabolism of taxoids by human CYP3A4 

and 2C8: structure-activity relationship. Drug Metab Dispos 2002;30:438-45. 
 
116. Monsarrat B, Royer I, Wright M, et al. Biotransformation of taxoids by human cytochromes P450: 

structure-activity relationship. Bull Cancer 1997;84:125-33. 
 
117. Rahman A, Korzekwa KR, Grogan J, et al. Selective biotransformation of taxol to 6 alpha-

hydroxytaxol by human cytochrome P450 2C8. cancer Res 1994;54:5543-6. 
 
118. Bundow D, Aboulafia DM. Potential drug interaction with paclitaxel and highly active antiretroviral 

therapy in two patients with AIDS-associated Kaposi sarcoma. Am J Clin Oncol 2004;27(1):81-4. 
 
119. Cianfrocca M, Lee S, Von Roenn J, et al. Pilot study evaluating the interaction between paclitaxel 

and protease inhibitors in patients with human immunodeficiency virus-associated Kaposi's 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 34 of 37  

sarcoma: an Eastern Cooperative Oncology Group (ECOG) and AIDS Malignancy Consortium 
(AMC) trial. Cancer Chemother Pharmacol 2011;Jan 5 [Epub ahead of print]. 

 
120. Kappelhoff BS, Huitema AD, Mairuhu AT, et al. No pharmacokinetic drug-drug interaction 

between nevirapine and paclitaxel. Anticancer Drugs 2005;16:627-30. 
 
121. Harris RZ, Tsunoda SM, Mroczkowski P, et al. The effects of menopause and hormone 

replacement therapies on prednisolone and erythromycin pharmacokinetics. Clin Pharmacol Ther 
1996;59:429-35. 

 
122. Hollander AA, van Rooij J, Lentjes GW, et al. The effect of grapefruit juice on cyclosporine and 

prednisone metabolism in transplant patients. Clin Pharmacol Ther 1995;57:318-24. 
 
123. Varis T, Kivisto KT, Neuvonen PJ. The effect of itraconazole on the pharmacokinetics and 

pharmacodynamics of oral prednisolone. Eur J Clin Pharmacol 2000;56:57-60. 
 
124. Yamashita SK, Ludwig EA, Middleton EJ, et al. Lack of pharmacokinetic and pharmacodynamic 

interactions between ketoconazole and prednisolone. Clin Pharmacol Ther 1991;49:558-70. 
 
125. Goria-Gatti L, Iannone A, Tomasi A, et al. In vitro and in vivo evidence for the formation of methyl 

radical from procarbazine: a spin trapping study. Carcinogenesis 1992;13:799-805. 
 
126. Kasel D, Baumhakel M, Fuhr U. Biodegradation of procarbazine by human liver microsomes. Int J 

Clin Pharmacol Ther 2000;38:153-5. 
 
127. Bayer Inc. Nexavar (sorafenib) Product Monograph. Toronto, ON 2009. 
 
128. Pfizer Canada Inc. Sutent (sunitinib) Product Monograph. Kirkland, QC 2009. 
 
129. Karunanayake EH, Hearse DJ, Mellows G. The metabolic fate and elimination of streptozocin. 

Biochem Soc Trans 1975;3:410-4. 
 
130. Weiss RB. Streptozocin: a review of its pharmacology, efficacy, and toxicity. Cancer Treat Rep 

1982;66:427-38. 
 
131. Boocock DJ, Brown K, Gibbs AH, et al. Identification of human CYP forms involved in the 

activation of tamoxifen and irreversible binding to DNA. Carcinogenesis 2002;23:1897-901. 
 
132. Coezy E, Borgna JL, Rochefort H. Tamoxifen and metabolites in MCF7 cells: correlation between 

binding to estrogen receptor and inhibition of cell growth. Cancer Res 1982;42:317-23. 
 
133. Cotreau MM, von Moltke LL, Harmatz JS, et al. Molecular and pharmacokinetic evaluation of rat 

hepatic and gastrointestinal cytochrome p450 induction by tamoxifen. Pharmacology 
2001;63:210-9. 

 
134. Crewe HK, Ellis SW, Lennard MS, et al. Variable contribution of cytochromes P450 2D6, 2C9 and 

3A4 to the 4-hydroxylation of tamoxifen by human liver microsomes. Biochem Pharmacol 
1997;53:171-8. 

 
135. Crewe HK, Notley LM, Wunsch RM, et al. Metabolism of tamoxifen by recombinant human 

cytochrome P450 enzymes: formation of the 4-hydroxy, 4’-hydroxy and N-desmethyl metabolites 
and isomerization of trans-4-hydroxytamoxifen. Drug Metab Dispos 2002;30:869-74. 

 
136. Daniel PC, Gaskell J, Bishop H, et al. Determination of tamoxifen and biologically active 

metabolites in human breast tumour and plasma.  Eur J Cancer Clin Oncol 1981;17:1183-9. Eur J 
Cancer Clin Oncol 1981;17:1183-9. 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 35 of 37  

 
137. Desai PB, Nallani SC, Sane RS, et al. Induction of cytochrome P450 3A4 in primary human 

hepatocytes and activation of the human pregnane X receptor by tamoxifen and 4-
hydroxytamoxifen. Drug Metab Dispos 2002;30:608-12. 

 
138. Fabian C, Tilzer L, Sternson L. Comparative binding affinities of tamoxifen, 4-hydroxytamoxifen, 

and desmethyltamoxifen for estrogen receptors isolated from human breast carcinoma: 
correlation with blood levels in patients with metastatic breast cancer. Biopharm Drug Dispos 
1981;2:381-90. 

 
139. Jacolot F, Simon I, Dreano I, et al. Identification of the cytochrome P450 IIIA family as the 

enzymes involved in the N-demethylation of tamoxifen in human liver microsomes. Biochem 
Pharmacol 1991;41:1911-9. 

 
140. Jordan VC, Collins MM, Rowsby L, et al. A monohydroxylated metabolite of tamoxifen with potent 

antiestrogenic activity. J Endocrinol 1977;75:305-16. 
 
141. Kivisto KT, Villikka K, Nyman L, et al. Tamoxifen and toremifene concentrations in plasma are 

greatly decreased by rifampin. Clin Pharmacol Ther 1998;64:648-54. 
 
142. Mandlekar S, Hebbar V, Christov K, et al. Pharmacodynamics of tamoxifen and its 4-hydroxy and 

N-desmethyl metabolites: activation of caspases and induction of apoptosis in rat mammary 
tumors and in human breast cancer cell lines. Cancer Res 2000;60:6601-6. 

 
143. Shibutani S, Ravindernath A, Suzuki N, et al. Identification of tamoxifen-DNA adducts in the 

endometrium of women treated with tamoxifen. Carcinogenesis 2000;21:1461-7. 
 
144. Stiborova M, Borek-Dohalska L, Hodek P, et al. New selective inhibitors of cytochromes P450 2B 

and their application to antimutagenesis of tamoxifen. Arch Biochem Biophys 2002;403:41-9. 
 
145. White IN, De Matteis F, Gibbs AH, et al. Species differences in the covalent binding of 

[14C]tamoxifen to liver microsomes and the forms of cytochrome P450 involved. Biochem 
Pharmacol 1995;49:1035-42. 

 
146. Schering-Plough Canada Inc. Temodol (temozolomide) Product Monograph. Kirkland, QC 2009. 
 
147. Hall JR, Short SC. Management of glioblastoma multiforme in HIV patients: a case series and 

review of published studies. Clin Oncol (R Coll Radiol) 2009;21(8):591-7. 
 
148. Wyeth Canada. Torisel (temsirolimus) Product Monograph. Montreal, QC 2008. 
 
149. Boni J, Leister C, Burns J, et al. Differential effects of ketoconazole on exposure to temsirolimus 

following intravenous infusion of temsirolimus. Br J Cancer 2008;98:1797-802. 
 
150. Boni J, Leister C, Burns J, et al. Pharmacokinetic profile of temsirolimus with concomitant 

administration of cytochrome P450-inducing medications. J Clin Pharmacol 2007;47:1430-9. 
 
151. Boni J, Abbas R, Leister C, et al. Disposition of desipramine, a sensitive cytochrome P450 2D6 

substrate, when coadministered with intravenous temsirolimus. Cancer Chemother Pharmacol 
2009;64(2):263-70. 

 
152. Goodin S. Oral chemotherapeutic agents:  understanding mechanism of action and drug 

interactions. Am J Health-Syst Pharm 2007;64(Suppl 5):S15-24. 
 
153. GlaxoSmithKline. Lanvis (thioguanine) Product Monograph. Mississauga, ON 2001. 
 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 36 of 37  

154. Chang TK, Chen G, Waxman DJ. Modulation of thiotepa antitumor activity in vivo by alteration of 
liver cytochrome P450-catalyzed drug metabolism. J Pharmacol Exp Ther 1995;274:270-5. 

 
155. Jacobson PA, Green K, Birnbaum A, et al. Cytochrome P450 isozymes 3A4 and 2B6 are involved 

in the in vitro human metabolism of thiotepa to TEPA. Cancer Chemother Pharmacol 
2002;49:461-7. 

 
156. Rae JM, Soukhova NV, Flockhart DA, et al. Triethylenethiophosphoramide is a specific inhibitor 

of cytochrome P450 2B6: implications for cyclophosphamide metabolism. Drug Metab Dispos 
2002;30:525-30. 

 
157. van Maanen MJ, Huitema AD, Beijen JH. Influence of co-medicated drugs on the 

biotransformation of thioTEPA to TEPA and thioTEPA-mercapturate. Anticancer Res 
2000;20(3A):1711-6. 

 
158. Cersosimo RJ. Topotecan: a new topoisomerase I inhibiting antineoplastic agent. Ann 

Pharmacother 1998;32:1334-43. 
 
159. Garcia-Carbonero R, Supko JG. Current perspectives on the clinical experience, pharmacology 

and continued development of the camptothecins. Clin Cancer Res 2002;8:641-61. 
 
160. Herben VMM, Schoemaker NE, Rosing H, et al. Urinary and fecal excretion of topotecan in 

patients with malignant solid tumours. Cancer Chemother Pharmacol 2002;50:59-64. 
 
161. Berthou F, Dreano Y, Belloc C, et al. Involvement of cytochrome P450 3A enzyme family in the 

major metabolic pathways of toremifene in human liver microsomes. Biochem Pharmacol 
1994;47:1883-95. 

 
162. Bohme A, Ganser A, Hoelzer D. Aggravation of vincristine-induced neurotoxicity by itraconazole 

in the treatment of adult ALL. Ann Hematol 1995;71:311-2. 
 
163. Kajita J, Kuwabara T, Kobayashi H, et al. CYP3A4 is mainly responsible for the metabolism of a 

new vinca alkaloid, vinorelbine, in human liver microsomes. Drug Metab Dispos 2000;28:1121-7. 
 
164. Kamaluddin M, McNally P, Breatnach F, et al. Potentiation of vincristine toxicity by itraconazole in 

children with lymphoid malignancies. Acta Paediatr 2001;90:1204-7. 
 
165. Villikka K, Kivisto KT, Maenpaa H, et al. Cytochrome P450-inducing antiepileptics increase the 

clearance of vincristine in patients with brain tumors. Clin Pharmacol Ther 1999;66:589-93. 
 
166. Yao D, Ding S, Burchell B, et al. Detoxification of vinca alkaloids by human P450 CYP3A4-

mediated metabolism: implications for the development of drug resistance. J Pharmacol Exp Ther 
2000;294:387-95. 

 
167. Zhou-Pan XR, Seree E, Zhou XJ, et al. Involvement of human liver cytochrome P450 3A in 

vinblastine metabolism: drug interactions. Cancer Res 1993;53:5121-6. 
 
168. Smith NF, Mani S, Schuetz EG, et al. Induction of CYP3A4 by vinblastine:  role of the nuclear 

receptor NR1I2. Ann Pharmacother 2010;44. 
 
169. Koth R, Vincent I, Dulioust A, et al. Life-threatening interaction between antiretroviral therapy and 

vinblastine in HIV-associated multicentric Castleman’s disease. Eur J Haematol 2006;76(3):269-
71. 

 
170. Levêque D, Santucci R, Pavillet J, et al. Paralytic ileus possibly associated with interaction 

between ritonavir/lopinavir and vincristine. Pharm World Sci 2009;31(6):619-21. 



 

Prepared by Tony Antoniou, Pharm.D and Alice Tseng, Pharm.D., FCSHP. December 2011  
St. Michael’s Hospital and Toronto General Hospital                     www.hivclinic.ca  Page 37 of 37  

 
171. Vaccher E, Spina M, di Gennaro G, et al. Concomitant cyclophosphamide, doxorubicin, 

vincristine, and prednisone chemotherapy plus highly active antiretroviral therapy in patients with 
human immunodeficiency virus-related, non-Hodgkin lymphoma. Cancer 2001;91(1):155-63. 

 
172. Cingolani A, Torti L, Pinnetti C, et al. Detrimental clinical interaction between ritonavir-boosted 

protease inhibitors and vinblastine in HIV-infected patients with Hodgkin’s lymphoma. AIDS 
2010;24(15):2408-12. 

 
173. Cheung MC, Hicks LK, Leitch HA. Excessive neurotoxicity with ABVD when combined with 

protease inhibitor–based antiretroviral therapy in the treatment of AIDS-related Hodgkin 
lymphoma. Clinical Lymphoma, Myeloma & Leukemia 2010;10(2):E22-E25. 

 
174. Merck Frosst Canada Ltd. Zolinza (vorinostat) Product Monograph. Kirkland, QC 2009. 
 
 
 


