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Abstract

Background—Allogeneic hematopoietic stem cell transplant patients are at risk of invasive 

fungal infections and prophylaxis with azole agents is common practice. The concomitant use of 

these agents with sirolimus and tacrolimus for the prevention of graft-versus-host disease may 

result in excessive immunosuppression or toxicity.

Methods—This retrospective study identified hospitalized patients who underwent allogeneic 

hematopoietic stem cell transplantation between August 2009 and April 2011 at Rush University 

Medical Center. From this group, patients who underwent concomitant tacrolimus, sirolimus, and 

azole therapy were included for evaluation. The immunosuppression dosing in conjunction with 

azole use at discharge was analyzed to develop a dosing algorithm dependent on whether 

fluconazole, posaconazole, or voriconazole was used.

Results—A total of 36 patients were screened for inclusion, of which 8 were excluded due to 

acute renal failure and/or hemolysis. The remaining patients were stratified by the azole they were 

concomitantly taking with tacrolimus and sirolimus. The fluconazole arm required the lowest 

magnitude of dose reductions, while voriconazole required the greatest.

Conclusion—Dose reductions of 50–75% for both sirolimus and tacrolimus, in combination 

with standard dosing of azole antifungal agents, were necessary to achieve therapeutic drug 

concentrations for immunosuppressants and potentially avoid toxicities.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is frequently complicated 

by acute graft-versus-host disease (GVHD).1,2 Acute GVHD results from the immunologic 

attack of donor cytotoxic T cells and inflammatory cytokines mounted against the recipient 

and results in target organ damage, most commonly affecting the skin, liver, and 

gastrointestinal tract. Prevalence of acute GVHD ranges from 35% to 80%, and severe, 

grade IV GVHD is associated with a 5-year mortality of 95%.3 The complications of GVHD 

warrant the use of immunosuppressive therapy to reduce its incidence and decrease 

morbidity and mortality.

A phase II trial has shown the combination of sir-olimus and tacrolimus to be an effective 

immunosuppressive regimen as prophylaxis for GVHD in allo-HSCT.4,5 One of the 

consequences of acute GVHD is the risk of secondary infections, including invasive fungal 

infections (IFIs) associated with transplantation. Patients undergoing allo-HSCT are 

susceptible to IFIs because of prolonged periods of neutropenia, severe mucositis, and the 

presence of a central venous catheter.6–8 Prospective, randomized, double-blind studies 

comparing prophylactic therapy with fluconazole versus placebo have shown significant 

reductions in the incidence of IFIs.9,10 Since these studies, azole agents with broader 

antifungal coverage have been developed and used as preventative agents.11–13 The National 

Comprehensive Cancer Network and the Infectious Diseases Society of America recognize 

azole antifungal agents as prophylaxis for IFIs.14,15

Simultaneous use of sirolimus, tacrolimus, and azole antifungals results in significant, well 

documented, pharmacokinetic interactions and potential for drug toxicities.16–20 The sharing 

of common metabolic pathways leads to elevated serum concentrations of 

immunosuppressants and toxicity from supratherapeutic drug levels. Current literature 

addresses dose adjustments for the use of azoles with sirolimus or tacrolimus as individual 

agents.21,22 However, the literature does not address dosage adjustments when using 

sirolimus, tacrolimus, and an azole concurrently for GVHD and IFI prophylactic therapy. 

Current dose reductions at Rush University Medical Center (RUMC) are based on anecdotal 

evidence and professional opinion from available literature with a single interacting agent, 

and further adjustments are based on immunosuppressant levels. Prior to discharge, a goal 

for allo-HSCT patients initiated on sirolimus and tacrolimus at RUMC is attainment of a 

dosing regimen that yields therapeutic serum trough concentrations. Therefore, it would be 

advantageous to develop an algorithm that would yield therapeutic levels in a time efficient 

manner.

The objective of our study was to construct dosing algorithms for concomitant use of 

immunosuppressants, specifically with tacrolimus and sirolimus, and azole antifungal 

therapy for the prophylaxis of GVHD and IFIs for patients undergoing allo-HSCT. We 

hypothesized that the optimal dosing regimen for tacrolimus and sirolimus will differ based 

on the prophylactic azole used.

Peksa et al. Page 2

J Oncol Pharm Pract. Author manuscript; available in PMC 2018 June 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Materials and methods

RUMC is a 676-bed, tertiary care academic medical center in Chicago, Illinois. The Section 

of Stem Cell Transplant and Cell Therapy perform roughly 100 transplantations annually, of 

which approximately 25% are allo-HSCTs. The study was approved by the hospital's 

Institutional Review Board and carried out from August 2009 through April 2011. The start 

date marks the implementation of the sirolimus and tacrolimus immunosuppressive regimen 

at RUMC.

This retrospective chart review included hospitalized patients who underwent allo-HSCT 

during the study period, as identified from an internal electronic hematopoietic transplant 

patient database. From this group, all patients who underwent concurrent sirolimus, 

tacrolimus, and azole therapy were included for evaluation. Patients were excluded if they 

were not on the aforementioned agents at the time of discharge. The electronic medical 

record system at RUMC was used to collect data, including: patient age, gender, ethnicity, 

height, weight, hematologic malignancy, stem cell donor type, serum creatinine (SCr), 

hepatic function, initiation day of prophylactic therapy, azole regimen, and use of other 

concurrent interacting medications. Interacting medications were identified during data 

collection and included: aminoglycosides, amphotericin B liposomal, phenytoin, diltiazem, 

selective serotonin reuptake inhibitors, and ganciclovir. In regards to sir-olimus and 

tacrolimus, data collection focused on serum trough concentrations and initial and discharge 

doses.

Immunosuppressive therapy is initiated as tacrolimus 0.02 mg/kg/day intravenously by 

continuous infusion (target serum trough concentration, 5–10 ng/mL) and sirolimus 12 mg 

oral loading dose followed by 4mg orally daily (target serum trough concentration, 3–12 

ng/mL) on day −3 before transplant.4 Dosing of immunosuppressants is determined via a 

modified adjusted body weight equation. The internal “dosing weight” is calculated as 

follows: (0.5 × (actual body weight – ideal body weight) + ideal body weight). RUMC 

utilizes a conversion of intravenous tacrolimus to an equipotent oral dose prior to discharge 

at a conservative one to three ratio.

Antifungal therapy is initiated as fluconazole 400 mg daily intravenously or orally on day 

−3. If warranted by the clinical scenario or active infection, antifungal therapy may be 

modified prior to discharge to either posaconazole 600 mg/day orally in three equally 

divided doses, prophylactic voriconazole 400 mg/day orally in two equally divided doses, or 

treatment voriconazole 4 mg/kg/day orally in two equally divided doses. Therapeutic drug 

monitoring of azoles in the allo-HSCT population was not performed during the time of this 

study. In the event that azole therapy was modified during the hospital stay, then the azole at 

steady-state concentrations at discharge determined patient stratification in the development 

of the dosing algorithm.

Acute renal failure and hemolysis were defined subjectively in our study and was dependent 

upon diagnoses in the electronic medical record at the time of immunosuppressive regimen 

modification. Therefore, only excluded patients were able to receive a diagnosis of acute 
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renal failure or hemolysis. Steady-state was defined as continuation of therapy for five 

biological half-lives of a given drug after initiation or dose adjustment.

Descriptive statistics, linear correlation, and analysis of variance (ANOVA) was performed 

using SPSS version 14.0 software.

Results

A total of 36 patients were screened for inclusion, of which 8 (22%) were excluded. All 

eight of the excluded patients had acute renal failure (baseline SCr of 1.5 mg/dL or less) and 

three had hemolysis. Five of the excluded patients were taking fluconazole and three were 

taking voriconazole. Four of eight excluded patients had sirolimus initiated at a lower dose 

than outlined per protocol (range, 50–87.5%). The remaining 28 patients were stratified by 

the azole they were concomitantly taking with sirolimus and tacrolimus (Figure 1).

The demographic and baseline clinical characteristics are provided in Table 1. Two patients 

were classified as unknown race due to incompleteness or involuntary patient response in the 

electronic medical record. Of 28, 19 (67.9%) patients received a matched related allo-HSCT. 

In the posaconazole and voriconazole arms, no patients had lymphoma as their underlying 

malignancy, and no patients received a mismatched allo-HSCT. The mean SCr peak during 

hospital stay reached three times baseline and two times baseline in the posaconazole and 

voriconazole arms, respectively. Hepatic function, acutely measured by alanine 

aminotransferase (ALT) and aspartate aminotransferase (AST), reached the upper limits of 

normal in all three study arms during hospital stay but normalized prior to discharge.

Sirolimus and tacrolimus trough concentrations at discharge for all azoles were within 

therapeutic range 89.3–60.7% of the time, respectively (Tables 2 and 3). Seven (33.3%) 

patients in the fluconazole arm had sir-olimus initiated at a dose 50% lower than outlined per 

protocol. In the posaconazole arm, two patients had sirolimus initiated at doses lower than 

outlined per protocol of 50% and 87.5%. The latter also had a concomitant tacrolimus dose 

reduction of 25% on initiation. In the voriconazole arm, two patients had sirolimus initiated 

at doses lower than outlined per protocol of 50% and 90%. The latter also had a concomitant 

tacrolimus dose reduction of 70% on initiation.

In the fluconazole arm, one patient was initially started on fluconazole 400 mg/day, but was 

decreased to 200 mg/day secondary to decreased renal function. All patients on 

posaconazole received a dose of 600 mg/day in three equally divided doses. Two patients in 

the voriconazole arm received the drug at 400 mg/day in two equally divided doses, while 

one patient received 8 mg/kg/day, calculated to be 700 mg/day, in two equally divided doses. 

Three and one patients in the posaconazole and voriconazole arms were transitioned from 

initial fluconazole, respectively.

Linear regression and ANOVA analyses were only performed for the fluconazole arm. 

Linear regression analysis was performed using the following variables at the time of 

discharge: age, SCr, AST, ALT, immuno-suppressant doses, and concomitant utilization of 

interacting drugs. No statistically significant correlation was identified. Furthermore, 
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ANOVA analysis was performed using the following variables: sex, race, hematologic 

malignancy, stem-cell donor type, and immunosuppressant doses at discharge.

Discussion

This retrospective study reports the results of concomitant administration of tacrolimus, 

sirolimus, and azole therapy, with the objective of developing a dosing algorithm. To our 

knowledge, no prior study has addressed dosing adjustments when using all three of these 

interacting agents concomitantly.

The development of our algorithm is based on the assumption that patients would have 

therapeutic concentrations of their immunosuppressants at discharge. Sirolimus and 

tacrolimus trough concentrations on discharge were within therapeutic range 89.3% and 

60.7% of the time, respectively (Tables 2 and 3). It is not surprising that sirolimus 

concentrations were therapeutic more frequently because the therapeutic range for 

tacrolimus in the outlined protocol is narrower. The lowest and highest single trough 

concentration on discharge for tacrolimus was 3.5 and 12.9 ng/mL, respectively. We 

assumed that this range of sub- and supratherapeutic concentrations at discharge may not be 

clinically significant and have calculated our dosing recommendations with inclusion of 

these patients.

Our recommendations for starting doses, provided in Table 4, were formulated from the 

average maintenance oral doses at hospital discharge. The recommendations do not take into 

account the initial sirolimus loading dose and product availability. A sirolimus loading dose 

three times greater than our recommended maintenance doses would reflect the bolus to 

maintenance dose ratio used in our study. Clinicians will need to weigh the practicality of 

our recommendations for each patient and round doses to available strengths and 

formulations of each drug.

The summary of our final dosing recommendations reiterates that interactions between 

agents are multifactorial, taking place at the cytochrome P450 (CYP) 3A4 isoenzyme and 

with P-glycoprotein (P-gp). Enzyme inhibition at CYP 3A4 may occur after administration 

of a single dose of an inhibitor drug.22 However, given the long half-lives of azoles, a 

maximal effect may not be seen until steady-state concentrations are typically reached after 

5–7 days.19,21 The variability in our calculated dose reductions between azoles is apparent, 

with voriconazole requiring the greatest reduction and fluconazole the least. Our spectrum of 

recommended dose adjustments falls in line with previous reported literature concerning the 

potency of individual azoles (Table 5).

Due to the retrospective design of this study, the efficacy of this algorithm remains 

unstudied. We would contend that our algorithm is the best available data for guiding 

administration of these agents concomitantly, but is not a substitute for clinical judgment. 

Further caution should be taken when utilizing this regimen as not to subject patients to 

subtherapeutic concentrations of immunosuppression. Aggressive monitoring at the 

initiation of therapy is recommended because our algorithm has not been examined 

prospectively. Further prospective studies are needed to validate the benefits of our 
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recommendations and to determine if rapidly achieving therapeutic concentrations of 

sirolimus and tacrolimus may reduce nephrotoxicity, hemolysis, and decrease hospital length 

of stay.

Admittedly, the sample sizes of our posaconazole and voriconazole arms are lacking. 

Patients at our institution are not given posaconazole or voriconazole as first-line agents as 

prophylaxis for IFIs, making it difficult to include patients. The higher sample size in the 

fluconazole arm makes it likely that our associated conclusions are of greater reliability than 

the other arms. For these reasons, we only performed linear regression and ANOVA analyses 

for the fluconazole arm.

Transient decreases in renal function were seen in our included patients. The posaconazole 

arm of our study had the largest increase in SCr during treatment. It is unclear whether this 

may be a cause or result of having the highest mean recorded trough level of tacrolimus, a 

known nephrotoxic agent. The voriconazole arm also had an increase in SCr during hospital 

stay, but the mean of the highest serum trough concentration recorded for 

immunosuppressants was the lowest of the three arms. We attribute this result to the fact that 

all patients in the voriconazole arm had immunosuppressant doses initiated at least 50% less 

than outlined per protocol.

While we did not aim to study safety or side effects of combining these agents, we did find 

remarkable data. As the study progressed, doses of immunosuppressants were initiated at 

doses lower than outlined by the protocol at the discretion of the clinician in an effort to 

prevent toxicity secondary to routine supratherapeutic levels. Despite these efforts, our study 

still excluded 8 of 36 patients who developed acute renal failure and/ or hemolysis. We did 

not extend data collection to include resolution or progression of toxicities. Given that four 

of eight excluded patients did have dose reductions of their initial immunosuppressive 

regimen and still experienced toxicity, we suggest that these dose reductions may not have 

been of appropriate magnitude for each individual agent.

Limitations with this study are built around the ability of clinicians to subjectively initiate 

immunosuppressants at doses lower than outlined per protocol and broaden antifungal 

therapy. Anecdotal dose reductions of immunosuppressive therapy on initiation became 

more frequent as the study progressed and revealed reactive responses to therapy.

Our dosing algorithm only focused on discharge doses and immunosuppressant serum 

trough concentrations. Initial doses of immunosuppressive therapy and transition between 

azoles were not pertinent in the development of our dosing algorithm since serum 

concentrations of sirolimus and tacrolimus were therapeutic and steady-state of azole 

therapy was reached prior to discharge. On the contrary, one may argue that duration of 

exposure to the drug–drug interaction may be relevant in predicting toxicity, but was not 

addressed by our study. Given these limitations, we recommend further study with 

prospective implementation of our algorithm.
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Conclusion

The optimal dosing regimen for concomitant use of immunosuppression, specifically with 

tacrolimus and sirolimus, and azole antifungal therapy for the prophylaxis of GVHD and 

IFIs for patients undergoing allo-HSCT is dependent upon the azole used. Dose reductions 

of 50–75% for both sirolimus and tacrolimus, in combination with standard dosing of azole 

antifungal agents, were necessary to achieve therapeutic drug concentrations for 

immunosuppressants and potentially avoid toxicities. A high degree of acute renal failure 

and hemolysis is seen when combining these agents; and therefore, further prospective study 

of our dosing recommendations is needed to validate whether these toxicities may be 

avoided through early attainment of therapeutic sirolimus and tacrolimus concentrations.
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Figure 1. 
Stratification by azole antifungal.

Peksa et al. Page 9

J Oncol Pharm Pract. Author manuscript; available in PMC 2018 June 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Peksa et al. Page 10

Table 1

Baseline patient demographics.

Variable Fluconazole Posaconazole Voriconazole

Sample size 21 4 3

Age in years, median (range) 47 (24–58) 50 (32–61) 21 (20–65)

Sex, number (%)

 Male 13 (61.9) 2 (50.0) 1 (33.3)

 Female 8 (38.1) 2 (50.0) 2 (66.7)

Race, number (%)

 Caucasian 13 (61.9) 3 (75.0) 2 (66.7)

 Hispanic 5 (23.8) 1 (25.0) –

 Asian 1 (4.8) – 1 (33.3)

 Unknown 2 (9.5) – –

Hematologic malignancy, number (%)

 Acute lymphoblastic leukemia 4 (19.0) – 1 (33.3)

 Acute myeloid leukemia 9 (42.9) 2 (50.0) 1 (33.3)

 Chronic myeloid leukemia 1 (4.8) 1 (25.0) –

 Non-Hodgkin lymphoma 2 (9.5) – –

 Hodgkin lymphoma 3 (14.3) – –

 Myelofibrosis 2 (9.5) 1 (25.0) –

 Myelodysplastic syndrome – – 1 (33.3)

Stem-cell donor type, number (%)

 Matched unrelated 3 (14.3) 1 (25.0) 2 (66.7)

 Matched related 15 (71.4) 3 (75.0) 1 (33.3)

 Mismatched unrelated 2 (9.5) – –

 Mismatched related 1 (4.8) – –

Renal function, mean ± SD

 SCr on admission (mg/dL) 0.9 ± 0.2 1.0 ± 0.2 0.8 ± 0.3

 SCr on discharge (mg/dL) 1.0 ± 0.3 1.3 ± 0.3 1.6 ± 1.5

 SCr peak (mg/dL) 1.1 ± 0.4 3.1 ± 3.1 1.6 ± 1.5

Hepatic function, mean ± SD

 ALT on admission (U/L) 29 ± 24 29 ± 34 26 ± 17

 ALT on discharge (U/L) 29 ± 25 24 ± 13 17 ± 6

 ALT peak (U/L) 47 ± 35 38 ± 14 48 ± 43

 AST on admission (U/L) 21 ± 12 20 ± 12 26 ± 13

 AST on discharge (U/L) 30 17 30 20 21 4

 AST peak (U/L) 43 ± 22 44 ± 14 49 ± 27

Length of stay post-transplant, mean ± SD 25 ± 5 17 ± 3 32 ± 21
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Table 2

Sirolimus data by azole.

Variable Fluconazole Posaconazole Voriconazole All azoles

Highest recorded trough (ng/mL), mean ± SD 17.2 ± 5.4 14.4 ± 5.3 10.2 ± 4.2 –

Trough on discharge (ng/mL), mean ± SD 7.8 ± 2.8 5.7 ± 2.8 7.3 ± 5.4 –

Trough on discharge, median (range) 7.1 (4.1–14.3) 5.1 (3.1–9.6) 8.7 (2.8–13.5) –

Therapeutic (goal 3–12 ng/mL), yes (%) 20 (95.2) 4 (100) 1 (33.3) 25 (89.3)

Maintenance oral dose at discharge (mg/day), mean ± SD 1.7 ± 1.1 1.3 ± 0.5 1.2 ± 0.8 –
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Table 3

Tacrolimus data by azole.

Variable Fluconazole Posaconazole Voriconazole All azoles

Highest recorded trough (ng/mL), mean ± SD 15.8 ± 10.7 16.5 ± 12.5 10.0 ± 2.9 –

Trough on discharge (ng/mL), mean ± SD 8.0 ± 2.6 6.1 ± 2.0 8.3 ± 4.1 –

Trough on discharge, median (range) 8.8 (3.5–11.7) 6.0 (4.2–8.3) 7.1 (5.0–12.9) –

Therapeutic (goal 5–10 ng/mL), yes (%) 12 (57.1) 3 (75.0) 2 (66.7) 17 (60.7)

Maintenance oral dose at dischargea (mg/kg/day), mean ± SD 0.038 ± 0.024 0.038 ± 0.020 0.018 ± 0.011 –

a
Based on dosing weight of (0.5 × (actual body weight – ideal body weight) + ideal body weight).
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Table 4

Recommended starting dosing algorithm for concomitant administration of tacrolimus, sirolimus, and an 

azole.

Variable Fluconazole Posaconazole Voriconazole

Sirolimus (mg/day), oral 1.7 1.3 1.2

Tacrolimus (mg/kg/day), intravenous 0.01 0.01 0.005

Tacrolimus (mg/kg/day), oral 0.038 0.038 0.018
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