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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies. The EPCs systematically review the relevant scientific literature on
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by e-mail to epc@ahrg.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Beth A. Collins Sharp, PhD., R.N. Ernestine Murray, B.S.N., R.N., M.A.S.
Director, EPC Program Task Order Officer, EPC Program

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Structured Abstract

Objectives: To investigate whether monitoring concentrations of mycophenolic acid (MPA) in
the serum or plasma of persons who receive a solid organ transplant will result in a lower
incidence of transplant rejections and adverse events versus no monitoring of MPA. To
investigate whether the incidence of rejection or adverse events differs according to MPA dose
or frequency, type of MPA, the form of MPA monitored, the method of MPA monitoring, or
sample characteristics. To assess whether monitoring is cost-effective versus no monitoring.

Data Sources: The following databases were searched from their dates of inception (in brackets)
until October 2007: MEDLINE® (1966); BIOSIS® Previews (1976); EMBASE® (1980);
Cochrane Database of Systematic Reviews® (1995); and Cochrane Central Register of
Controlled Trials® (1995).

Review Methods: Studies identified from the data sources went through two levels of screening
(i.e., title and abstract, full text) and the ones that passed were abstracted. Criteria for abstraction
included publication in the English language, study design (i.e., randomized controlled trial
[RCT], observational study with comparison group, case series), and patient receipt of allograft
solid organ transplant. Additionally, any form of MPA had to be measured at least once in the
plasma or serum using any method of measurement (e.g., AUCq.12, Cp). Furthermore, these
measures had to be linked to a health outcome (e.g., transplant rejection). Certain biomarkers
(e.g., serum creatinine, glomular filtration rate) and all adverse events were also considered
health outcomes.

Results: The published evidence on MPA monitoring is inconclusive. Direct, head-to-head
comparison of monitoring versus no monitoring is limited to one RCT in adult, kidney transplant
patients. Inferences about monitoring can be made from some observational studies, although
the evidence is equivocal for MPA dose and dose frequency, nonexistent for type of MPA,
inconclusive for form of MPA monitored or method of monitoring, and nonexistent for cost-
effectiveness. Some studies suggest gender and concomitant use of calcineurin inhibitors will
affect pharmacokinetic parameters, but the impact of these findings has not been assessed in
relation to monitoring versus no monitoring.

Conclusion: The state of knowledge about therapeutic drug monitoring of MPA in solid organ
transplants is still in its infancy. Until there is more evidence on the utility of routine MPA
monitoring in solid organ transplant recipients, patients, clinicians, and other stakeholders (e.g.,
public and private insurers) will have to decide on a case by case basis whether the possible but
uncertain benefits are worth the extra time and expense of monitoring.
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Executive Summary

Introduction

Mycophenolic acid (MPA) is an immunosuppressant drug used to prevent rejection of solid
organ transplants. The drug is marketed as the ester prodrug mycophenolate mofetil
(MMF)(CellCept®) for kidney, liver, and heart transplants or enteric-coated mycophenolate
sodium (Myfortic®) (ECMPS) for kidney transplants.

Therapeutic drug monitoring of MPA has the objective of improving control over acute
rejection. It is based on observed associations between pharmacokinetic (PK) parameters such as
total MPA area under the concentration-time curve (AUC,_12) and acute rejection in adult and
pediatric patients.**

This evidence report was commissioned to address the following key questions:

1. What is the evidence that monitoring mycophenolic acid in patients who receive a solid organ
transplant results in a lower incidence of transplant rejections and adverse events compared to
patients who are not monitored?

2. Does the incidence differ by any of the following?
a) MPA dose and dose frequency;
b) Type of MPA (mycophenolate mofetil [CellCept®], enteric-coated mycophenolate sodium
[Myfortic®]).

3. a) Does the incidence differ by any of the following?
ia) Total versus free MPA
ib) Albumin versus MPA

iia) MPAG, AcCMPAG versus MPA
iib) Genetic basis of differences in MPA pharmacokinetic parameters

iii) Assay method (HPLC, EMIT, HPLC-MS, other)

b) Does the incidence differ by analytical method of MPA monitoring?
i. Full AUC
ii. Limited sampling strategies
a. Predose concentrations
b. 2h post dose concentrations
c. Other



4. Does the evidence for monitoring MPA differ by any of the following?
a) Age
b) Gender
c) Ethnicity
d) Concomitant use of calcineurin inhibitors (e.g., tacrolimus, cyclosporine)
e) Concomitant use of other medications
f) Comorbidity

5. What is the short- and long-term cost-effectiveness of avoiding acute rejection due to MPA
monitoring?

Methods

The following electronic databases were searched up until October 22, 2007:

MEDLINE® (1966-);

BIOSIS® Previews (1976-);

EMBASE® (1980-);

Cochrane Database of Systematic Reviews® (1995-);
Cochrane Central Register of Controlled Trials® (1995-).

arODE

We examined the reference lists of several recently published review articles®® and consulted
with the technical expert panel to identify additional published studies.

Inclusion/exclusion criteria. We included randomized controlled trials, observational
studies with comparison groups, or case series, published in the English language. We included
studies of pediatric and adult patients who received allograft solid organ transplants, provided
that any form of MPA was measured in serum or plasma, using any method of measurement
(e.g., AUC).

Data Collection and Reliability of Study Selection. A team of trained raters applied the
inclusion and exclusion criteria to the citations identified in the literature search. Each citation
was screened by two independent raters and had to pass two levels of screening (title and
abstract, full text) prior to data abstraction.

Quality Assessment of Included Studies. The methodological quality of included studies
was assessed independently by two raters using ‘core’ criteria enumerated in the draft Evidence-
based Practice Centre Methods Manual (under preparation by the AHRQ).

Results

The literature search yielded 11,642 citations, from which 495 (4 percent) proceeded to full
text screening. Of these 495 citations, 89 (18 percent) were included in the report and abstracted.



What is the Evidence That Monitoring Mycophenolic Acid in Patients
who Receive a Solid Organ Transplant Results in a Lower Incidence
of Transplant Rejections and Adverse Events Compared to Patients

who are not Monitored?

Only three studies addressed this question (four reports).”° Patients in the concentration-
controlled group had fewer rejections than patients in the fixed-dose group in two studies (no p-
value reported in one study; p=0.01 in the other study). In the third study, there were more
rejections in the concentration-controlled group (p>0.05).

Does the Incidence Differ by MPA Dose and Dose Frequency?

Only one study compared rejection outcomes for subjects with planned dose adjustments
based on different target MPA plasma concentrations.*** In this RCT of kidney transplant
recipients, the incidence of biopsy-proven acute rejection was inversely associated with
increasing pre-defined MPA AUC concentration-control levels (p=0.043).

Does the Incidence Differ by Type of MPA (Mycophenolate Mofetil,
Enteric-coated Mycophenolate Sodium)?

There was no evidence in the included studies to answer this question.

Does the Incidence Differ by Total versus free MPA, Albumin, Genetic
Differences, Metabolites?

Free versus total MPA. The incidence of rejection or adverse events was found to differ
significantly between free and total MPA in only one™ of nine studies'*?* that examined both
forms of MPA.

Albumin. Studies generally found that impaired kidney function and hypoalbuminemia were
associated with increased concentrations or AUCs of free MPA, but not total MPA.

Pharmacogenetic. Seven days after transplantation, renal allograft recipients (n=9) without
the C-24T Single Nucleotide Polymorphisms (SNP) of the multidrug resistance-associated
protein 2 (MRP2), but with mild liver dysfunction, had lower MPA exposure compared to MRP2
C-24T non-carriers (n=45) without liver dysfunction. MPA pharmacokinetic (PK) parameters
were found to vary with the time of the day (daytime AUC > nighttime AUC). No direct
associations between genotype, MPA PK parameters, and outcomes were found.

Metabolites. Two'>*® of seven studies'>**?*?% found associations between MPA
metabolite concentrations and adverse events. Higher median acyl glucuronide metabolite of
mycophenolic acid (AcMPAG) (p=0.03), mycophenolic acid glucuronide (MPAG) C,
concentrations (p=0.02), and AcCMPAG/MPA ratios (p=0.004), but not higher MPA C,
concentrations (p>0.05) were found in patients at times when they experienced anemia versus
times when with no anemia.®> The authors also found lower median MPAG C, concentrations at
times of a leucopenia episode versus times of no episode (p=0.04). In the second study™, a
correlation was found between the amount of fecal fat loss and MPAG concentrations (r=0.9955,



p<0.001), as well as AcCMPAG concentrations (r=0.90, p=0.015) in five renal allograft recipients
with persistent afebrile diarrhea.

Does the Incidence Differ by Assay Method?
Only two case series?®*” involved direct comparisons of different assay methods (enzyme-
multiplied immunoassay technique (EMIT) versus high-performance liquid chromatography
(HPLC)). Both reports included children with transplanted kidneys from the same research
project. EMIT and HPLC were equally able to discriminate between patients with acute
rejections during the first 70 days post-transplant. Decision concentrations, below which the risk
of acute rejection is increased, were higher with EMIT than with HPLC. None of the PK
parameters, regardless of assay method, were associated with the incidence of adverse events.

Does the Incidence Differ by Analytical Method of MPA Monitoring?
Ten studies (11 reports)tt1217:26-33
%437 showed no relation. There were 17 positive studies (18 reports)
(predose, Co, Cmin, Or C1,) concentration to rejection and 25 negative
studies.t1719.24.25.28,36.37,42.45.49-62 1y one study *’found C, to be a significant predictor of
rejection while one other study ** did not. Eleven studies 10:1719.26:4349.54.3758.636% £ )nq other
limited sampling strategies (i.e., involving Co, C2omin, C3omin, Caomin, C1, C75min, C2, C3, Ca, Cs,
AUC.0) be related to rejection whereas 9 studies *+1317:26:3651525485 £5,nd no relationship.
Four studies®***%*® showed that AUC.1, is associated with adverse effects, while 11 studies (12
reports)t1217:26:2932.35-37.52.6667 sh\ved no association. There were 18 studies!63336:3%-
41.45.48.56.61.68-74 emonstrating associations between predose concentration (predose, Co, Cumin, OF
C12) and adverse effects, and 24 studies (25
reports)ll,12,14,15,17,18,20,22,25,26,36,37,42,47,49,52,54,57,62,64,66,67,72,75,76 demonstratlng no aSSOCIa'[IOI’lS No
studies found C, to be a significant predictor of adverse effects and two>*> found no association.
Five studies®***®>% found other limited sampling strategies (Co, Czomin, Caomin, C1, C3, Ce) to be
associated with adverse effects while 17 studies®!!13:17:40:21:26.36:4952.5457.64.66.75-77 shg\ye the
opposite.

showed AUC,.;, to be related to rejection, while 4 studies
7,8,12,26,27,30,33,38-48 Ilnklng

Does the Evidence for Monitoring MPA Differ by Age, Gender,
Ethnicity, Concomitant use of Calcineurin Inhibitors or Other
Medications, or Comorbidity?

Some of the six factors of this question appear to influence MPA PK parameters. None of the
included studies investigated whether PK parameter concentrations, stratified by each factor,
were associated with outcomes such as rejection or adverse events. Regarding age, the evidence
was equivocal. In pediatric populations, younger children were found to require a higher MMF
dose to achieve a specified MPA concentration. When given the same dose of MMF, the MPA
AUC has been reported to be lower in the elderly compared to younger adults. Regarding gender,
the evidence appears to indicate that PK parameters are higher for females versus males. Race
and ethnicity do not appear to influence MPA PK parameters. Calcineurin inhibitors and
sirolimus are co-administered frequently with MMF and the bulk of the evidence found that
exposure to MPA is higher in patients receiving tacrolimus or sirolimus compared to



cyclosporine, with lower doses of MMF required in combination with tacrolimus to achieve
adequate MPA exposure. MPA PK parameters were generally higher in persons with renal
insufficiency, although one study?® found lowered MPA AUC in the early post-transplant period.

What is the Short and Long-Term Cost-Effectiveness of Avoiding
Acute Rejection due to MPA Monitoring?

None of the abstracted studies contained any data on the cost-effectiveness of MPA
monitoring.

Quality Assessment of Abstracted Studies

Twelve of the 89 abstracted studies were RCTs!0122°:2829.3450516568.78 gy the remainder
were observational studies (primarily case series). The quality of the RCTs was fair to good,
although reporting of some essential features of trial design was lacking (e.g., method of
randomization, blinding).

Compared to the RCTSs, the 77 observational studies suffered from numerous reporting
problems. Virtually all of the studies lacked reports of blinding among subjects (n=73), persons
measuring MPA (n=74), and outcomes assessors (n=75). Differential losses to followup were
not reported in 61 studies. The authors of only 29 studies made an attempt to control for
confounding. Some aspects of reporting were good, though, as the authors of most of the
observational studies described the methods used to measure MPA (n=68) and clearly defined
their outcomes (n=69).

Discussion

What is the Evidence That Monitoring Mycophenolic Acid in Patients
who Receive a Solid Organ Transplant Results in a Lower Incidence
of Transplant Rejections and Adverse Events Compared to Patients

who are not Monitored?

Three studies (four reports) ™ directly addressed this question, although the first study was
not designed to compare monitoring versus no monitoring and the second study® found no
evidence to suggest that monitored patients had a lower incidence of transplant rejections relative
to non-monitored patients. The third study, the first published RCT to compare monitoring
versus no monitoring of MPA in any patient group, found a lower incidence of treatment failures
in the monitored group. However, the RCT is limited to adult kidney transplant patients, so the
efficacy of monitoring in other patient populations is still unknown. Likewise, the clinical
applicability of the trial’s limited AUC sampling strategy, or the applicability of the 40 mg*h/L
MPA target dose, to these other populations is also unknown.

Does the Incidence Differ by MPA Dose and Dose Frequency?

The evidence to support an association between MMF dosage and rejection is inconclusive.
Most studies were not designed to directly assess whether there was an association between



MMF dosage and rejection or adverse events. Solid clinical recommendations can only be made
after further research is conducted, preferably using RCTs to compare different fixed doses and
different targets for concentration control.

Does the Incidence Differ by Type of MPA?

None of the included studies directly compared ECMPS with MMF, so this question could
not be answered.

Does the Incidence Differ by Total Versus Free MPA, Albumin, Genetic
Differences, Metabolites?

None of the included studies confirmed the hypothesis that measurements of free MPA
correlate better with outcomes than total MPA, although free (not total) MPA was found to be
associated with infections and haematological adverse events in three studies.*®***’

One pharmacogenetic study’® showed that carriers of the two multidrug resistance protein
(MRP2) single nucleotide polymorphisms (SNP) were protected from reduced MPA exposure in
mild liver dysfunction. A second genetic study found associations between MPA and genes,
genes and diarrhea, and MPA and rejection. The clinical relevance of both studies to MPA
monitoring is unclear.

The studies regarding metabolites yielded few positive results.”>*® Larger, randomized trials
are necessary to establish the utility of monitoring MPA and its metabolites.

Does the Incidence Differ by Assay Method?

In two studies,?®*” HPLC and EMIT performed similarly well in the assessment of acute
rejection risk in pediatric kidney transplant patients. EMIT cut off values were higher than those
derived from HPLC measurements. The study populations were pediatric patients, and it
remains to be seen whether diagnostic sensitivities and specificities between HPLC and EMIT
would differ in other populations.

Does the Incidence Differ by Analytical Method of MPA Monitoring?

There was no evidence to directly answer this key question.

Does the Evidence Differ by Age, Gender, Ethnicity, Concomitant Use
of Calcineurin Inhibitors or Other Medications, or Comorbidity?

The evidence from the literature failed to directly address the key question. Of the studies
that were included in the report, the focus was on adults and kidney transplant recipients. Few
studies involved children or other solid organ transplants. Also, study findings were difficult to
compare because measures of MPA in the serum or plasma sometimes exhibit large intra- and
inter-patient variability over time post transplant.



What is the Short- and Long-Term Cost-Effectiveness of Avoiding
Acute Rejection Due to MPA Monitoring?

The published literature contains no data on the cost-effectiveness of monitoring versus no
monitoring in solid organ transplants. Therefore, it is not possible to answer this key question.

Limitations of this Evidence Report

Only English-language, published studies were included in this report, thereby introducing
the possibility of publication bias. Virtually all of the included studies involved MMF rather
than ECMPS. Therefore, the conclusions may not be applicable to the enteric-coated
formulation.

Conclusions

The state of knowledge about therapeutic drug monitoring of MPA in solid organ transplants
is still in its infancy. This is especially so for organs other than the kidney because the
overwhelming majority of published studies involve kidney transplant patients. Overall, the
published evidence on MPA monitoring is inconclusive; there is almost no direct evidence to
suggest that monitoring would reduce the incidence of rejection or adverse events in any solid
organ transplant. Each of the key questions in this report would be more adequately addressed
using RCTSs.

Clinical recommendations. There is almost no direct evidence to suggest that monitoring is
more or less beneficial than not monitoring. Until there is more evidence on the utility of routine
MPA monitoring in solid organ transplant recipients, patients, clinicians, and other stakeholders
(e.g., public and private insurers) will have to decide on a case by case basis whether the possible
but uncertain benefits are worth the extra time and expense of monitoring.
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Chapter 1. Introduction

Mycophenolic Acid

Mycophenolic acid (MPA) is an immunosuppressant drug used to prevent rejection of solid
organ transplants. MPA reversibly inhibits inosine monophosphate dehydrogenase (IMPDH),
the rate limiting step in the biosynthesis of guanine nucleotides. The drug is marketed as the
ester prodrug mycophenolate mofetil (CellCept®) for kidney, liver, and heart transplants or
enteric-coated mycophenolate sodium (Myfortic™) (ECMPS) for kidney transplants. The
chemical formula is C;7H210¢ and the structural formula is shown in Figure 1. The molecular
mass is 320.34 g.mol ™.

Figure 1. Structural Formula for Mycophenolate Acid

OH

Mycophenolate mofetil comes in capsule (250 mg), tablet (500 mg), powder (200 mg/mL
constituted), and intravenous (500 mg) formulations. ECMPS comes in delayed release tablets
(180 mg or 360 mg). Recommended dosage regimens for adults on mycophenolate mofetil are 1
g orally twice daily for kidney transplant recipients, 1 g twice daily intravenously or 1.5 g twice
daily orally for liver transplant recipients, and 1.5 g intravenously or orally for cardiac transplant
recipients. Recommended dosages for adult kidney transplant recipients on ECMPS are 720 mg
twice daily. In pediatric patients, recommended dosages for MMF are 600 mg/m* administered
orally twice daily (maximum 2 g or 10 mL daily), while children with a body surface area of
1.25 to 1.5 m* are recommended to get 750 mg twice daily. Children with a body surface area
greater than 1.5 m” are recommended to receive 1g twice daily.*® Although Tacrolimus has
replaced Cyclosporin A as calcineurin inhibitor comedication to a large degree, MPA was
originally approved by the U.S. Food and Drug Administration only for combination with
Cyclosporin. The recommended doses refer to this combination.

The pro-drug Mycophenolate mofetil is rapidly hydrolyzed to MPA by esterases in the gut,
blood, liver, and kidney. ECMPS does not get hydrolyzed; it is essentially MPA in salt form.
Oral bioavailability of MPA is between 81 and 94 percent after ingestion of mycophenolate
mofetil and 72 percent after ingestion of ECMPS. Differences in bioavailability may be due to
the fact that studies of mycophenolate mofetil were conducted on healthy volunteers while
studies of ECMPS (e.g., Arns et al.*") were conducted on kidney transplant patients. MPA is
metabolized in the liver, gastrointestinal tract, and kidney. The major metabolite, 7-O-MPA-
glucuronide (MPAGQ), is inactive, and occurs in 20 to 100-fold higher concentrations than
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MPA.* The minor acyl glucuronide metabolite ACMPAG is immunosuppressive and
proinflammatory. Enterohepatic recirculation of MPA involves excretion of MPAG into bile
followed by deconjugation to MPA in the gut and reabsorption into the circulation. This effect
accounts for 10 to 60 percent of MPA exposure and may lead to a second peak in the MPA
concentration 6 to 12 hours after dosing. Readers interested in further information on the
pharmacodynamics and pharmacokinetics of MPA are referred to reviews by Staatz and Tett™
and Bullingham et al.*

Solid Organ Transplant

Solid organs include the kidneys, liver, heart, lungs, pancreas, and intestines. In 2005, there
were 25,737 solid organ transplants in the United States alone.*® These transplants are used to
treat end stage organ failure. One year graft survival rates range from 82.0 to 95.0 percent, due
in large part to refined surgical techniques and the development of effective immunosuppressant
drugs. The success of solid organ transplants has led to a situation where demand for organs far
outstrips supply. In mid-2005, over 90,000 Americans were on waiting lists for solid organ
transplants.®

Mycophenolic Acid: Use in Solid Organ Transplants

Mycophenolate mofetil. The use of mycophenolate mofetil in solid organ transplants is
based on the results of five seminal, randomized controlled trials of kidney,85'87 liver,88 and
cardiac transplant recipients.* In four trials, patients were randomized to receive mycophenolate
mofetil or azathioprine in combination with cyclosporine and corticosteroids; one kidney trial*
involved mycophenolate mofetil and a placebo comparison. The average duration of the trials
was six to 12 months post transplant. Some data are available for 36 months post transplant.”***

For the three kidney trials,**’ a total of 1,493 patients were randomized to treatment.
Results showed benefits for 2 and 3 g daily doses of mycophenolate mofetil (MMF2, MMF3) at
six months; however, benefits diminished or disappeared at 12 months and beyond. The
percentage of patients with biopsy proven rejection in the placebo comparison trial® at six
months was 17.0 percent in the MMF2 group, 13.8 percent in the MMF3 group, and 46.4 percent
in the placebo group (p<0.001). At 36 months, the difference in graft loss rates for intent-to-treat
comparisons versus placebo were 7.3 percent (95 percent confidence interval [CI]: 1.1 to 14.2;
p<0.05) for MMF2 and 3.2 percent (95 percent CI: -3.8 to 10.1; p>0.05) for MMF3.” In the two
kidney trials where mycophenolate mofetil was compared to azathioprine, the primary outcome
at six months was ‘treatment failure’ (any one of the following: biopsy proven rejection, graft
loss, death, withdrawal for any reason). The percentage of patients with treatment failure in one
study,* based in the United States, was 31.1 percent in the MMF2 group, 31.3 percent in the
MME3 group, and 47.6 percent in the azathioprine group (p=0.021). Percentages in the other
study,87 a multinational effort, were 38.2 percent for MMF2, 34.8 percent for MMF3, and 50.0
percent for azathioprine (p<0.03). The percentages of patients suffering graft loss or death at 12
months in the multinational study were 11.7 percent in the MMF2 group, 11.0 percent in the
MMEF3 group, and 13.6 percent in the azathioprine group (p>0.05). The investigators in the
multinational trial reported intent to treat results at 36 months: graft and survival for patients
receiving911\/IMF2 was 81.9 percent, MMF3 was 84.8 percent, and azathioprine was 80.2 percent
(p>0.05).
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In the liver study," 565 patients were randomized to treatment and results favored
mycophenolate mofetil after six months of followup. However, there was no difference between
mycophenolate mofetil and azathioprine after one year of followup. Percentages of acute
rejections and graft losses at six months were 38.5 percent in the mycophenolate mofetil group
and 47.7 percent in the azathioprine group (p<0.03). At 12 months, percentages were 31.0
percent and 40.0 percent respectively (p<0.06). Graft survival at 12 months was 85.3 percent the
mycophenolate mofetil group and 85.4 percent in the azathioprine group (p>0.05).

In the heart study,® primary results were reported for 578 ‘treated’ patients who received the
study medication to which they were randomized. A further 72 randomized patients withdrew
from the study before initiation of treatment. At six months, 65.7 percent of mycophenolate
mofetil and 73.7 percent of azathioprine patients required treatment for rejection (p=0.026).
Mortality at 12 months was 6.2 percent in the mycophenolate mofetil group and 11.4 percent in
the azathioprine group (p=0.031). At 36 months, 11.8 percent of the mycophenolate mofetil
group and 18.3 percent of the azathioprine group died or received another transplant (p<0.01).%*

Enteric-coated mycophenolate sodium. ECMPS was shown to be therapeutically
equivalent to mycophenolate mofetil in two trials that were initially reported in a single
publication.! Trial 1 contained 424 de novo kidney transplant patients and trial 2 contained 324
stable maintenance kidney transplant patients who were alive at six months post transplant. In
trial 1, patients were randomized to 720 mg of oral ECMPS and placebo twice daily, or to 1,000
mg of oral mycophenolate mofetil and placebo twice daily. Placebos were disguised to look like
the active drug being given in the opposing treatment arm. The primary outcome was ‘treatment
failure’ (any one of the following: biopsy proven acute rejection, graft loss, death, or loss to
followup within six months). After six months, 25.8 percent of patients in the ECMPS group
and 26.2 percent in the mycophenolate mofetil group experienced a treatment failure (p>0.05).
Failure results” at 12 months were 26.3 percent (ECMPS) and 28.1 percent (MMF) (p>0.05).
Trial 2 patients were randomized to 720 mg of oral ECMPS daily or to 1,000 mg of oral MMF
daily. The primary outcome was the incidence of gastrointestinal adverse events or neutropenia
(less than 1,500 cells per mm®). At three months, there was no difference in incidence of
gastrointestinal adverse events (26 percent in the ECMPS group; 21 percent in the MMF group
[p>0.05]). Nor was there a difference at six months (29 percent ECMPS; 28 percent MMF
[p>0.05]). The authors reported the incidence of neutropenia after three months to be lower in
patients receiving ECMPS (0.6 percent) versus patients receiving MMF (3.1 percent [p>0.05]).
Neutropenia results were unchanged after 12 months of followup.”* Concomitant therapies in
both trials included cyclosporine with or without corticosteroids.

ECMPS and MMF were also compared in a single blind trial of 154 de novo heart transplant
patients.” Results showed therapeutic equivalence between drugs. Patients were randomized to
1,080 mg ECMPS twice daily or to 1,500 mg MMF twice daily. ‘Treatment failure’ (biopsy
proven and treated acute rejection, graft loss, or death) was the outcome. The percentage of
patients having the outcome did not differ (p>0.05) between groups at six or 12 months of
followup: 52.6 percent versus 57.9 percent at six months and 57.7 percent versus 60.5 percent at
12 months.

Adverse events. Common adverse events of MPA include gastrointestinal upset (nausea,
vomiting, mild diarrhea), headache, mild weakness, dizziness or tremor, insomnia, and swelling
of the lower legs or feet. There is also an increased risk of lymphoma or other cancers.”

In clinical trials, patients taking mycophenolate mofetil had more abdominal pain, diarrhea,
esophagitis, anorexia, gastrointestinal bleeding, leucopenia, anemia, and opportunistic infections
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(e.g., cytomegalovirus [CMV], herpes simplex or zoster) than patients taking placebo or
azathioprine. Patients taking 3 g MMF daily generally had more adverse events than patients
taking 2 ¢ MMF daily. There were no differences in the incidence of cancers between any of the
treatment groups.® ™’ In trials where mycophenolate mofetil was compared to ECMPS,"?***
adverse events were generally higher in the MMF group, although the differences were not
statistically significant at the 5 percent level. The incidence of gastrointestinal adverse events
was higher in the ECMPS group (29.6 percent versus 24.5 percent),”* although the difference
was also not statistically significant. The incidence of cancer did not differ between treatments.

Therapeutic Drug Monitoring of Mycophenolic Acid

Therapeutic drug monitoring (TDM) is the measurement and subsequent interpretation of drug
concentrations in biological fluid. Drugs exhibiting the following characteristics may warrant
TDM: a good relationship between concentration and pharmacological response; wide
interpatient variation in absorption, distribution, metabolism, or excretion; a narrow therapeutic
range; and a pharmacological response that is not readily assessable. TDM may be useful for
monitoring adherence, identifying drug interactions, and tailoring doses to specific patients.”’

TDM has become central to the use of immunosuppressants. The aim is to improve control
over acute rejection and boost the probability of long term patient and graft survival.”® TDM of
MPA is based on observed associations between total MPA area under the concentration-time
curve (AUCy_1» 1) and acute rejection in adult and pediatric patients.'"'*** However, this
evidence is viewed by some as equivocal.*”

Additionally, there are numerous challenges that must be addressed as a prerequisite for
TDM of MPA. Most notable is the impracticality of repeated 12 hour measures of AUC in
standard practice settings. There have been suggestions of methods to overcome the
impracticality of total AUC (e.g., use of limited sampling strategies’ or Bayesian estimation?),
but none of these possibilities has been thoroughly investigated to date.

Other challenges include the difficulty of using existing, routine assays to quantitate free
MPA, which is thought to be the prime driver of MPA’s immunosuppressive effect, as well as
the need to establish and validate effective therapeutic ranges for TDM.* Some researchers® do
not believe that free MPA has much of a role in TDM because its correlation with clinical
outcomes is not improved over the correlation between total MPA and clinical outcomes.
Recently Roche has introduced an IMPDH based assay for free and total MPA. A CEDIA assay
is now available from Microgenics.

Improved prophylaxis with multiple drugs has lowered the rejection risk. This makes
additional improvements based on dosing of one drug and definition of a lower limit of the
therapeutic range challenging.

Further issues in TDM of MPA include wide intra patient variability in MPA plasma
concentration-time profiles, non-linear pharmacokinetics, increase of MPA exposure with time
early after kidney transplantation, no established frequency and duration of monitoring,
uncertainty about the extent to which baseline IMPDH may contribute to pharmacodynamic
differences in persons receiving MPA, problematic bioavailability in renally impaired patients,
and no agreement on a pharmacokinetic (PK) parameter that would best associate with adverse
events.* Some® believe the occurrence of gastrointestinal adverse events may be associated with
dose rather than a pharmacokinetic variable. Adverse events are relatively rare, not specific to
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MPA, and thus difficult to assess objectively. An upper limit of a therapeutic range is therefore
difficult to determine.

Scope and Purpose of the Evidence Report

This evidence report was designed and conducted to address the following key questions:

1. What is the evidence that monitoring mycophenolic acid in patients who receive a solid organ
transplant results in a lower incidence of transplant rejections and adverse events compared to
patients who are not monitored?

2. Does the incidence differ by any of the following?
a) MPA dose and dose frequency;
b) Type of MPA (mycophenolate mofetil [CellCept”™], enteric-coated mycophenolate sodium
[Myfortic®™]).

3. a) Does the incidence differ by any of the following?
1a. Total versus free MPA
ib. Albumin versus MPA

iila) MPAG, AcMPAG versus MPA
iib) Genetic basis of differences in MPA pharmacokinetic parameters

i11) Assay method (EMIT, HPLC, HPLC-MS, other)

b) Does the incidence differ by analytical method of MPA monitoring?
i. Full AUC (area under the curve)
i1. Limited sampling strategies
a. Predose concentrations
b. 2h post dose concentrations
c. Other

4. Does the evidence for monitoring MPA differ by any of the following?
a) Age
b) Gender
c) Ethnicity
d) Concomitant use of calcineurin inhibitors (e.g., tacrolimus, cyclosporine)
e) Concomitant use of other medications
f) Comorbidity

5. What is the short and long-term cost-effectiveness of avoiding acute rejection due to MPA
monitoring?

Addressing these questions will help to gauge the strength of the evidence for TDM of MPA in

solid organ transplants. As well, the exercise will identify gaps in the research and provide
suggestions for future research.
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Chapter 2. Methods

Analytic Framework

An analytic framework is a schematic representation of the strategy for organizing topics for
review and guiding literature searches. Figure 2 illustrates the inter relationships between the
key questions for this evidence report. The figure begins with the use of CellCept® or Myfortic®
in solid organ transplant recipients, progresses to monitoring MPA (mycophenolic acid)
concentrations in serum or plasma, and concludes with an outcome (e.g., rejection or adverse
events). Throughout the entire diagram, each box is suggestive of an area where resources are
consumed. The cost of these resources may be computed using standard health economics
methods and compared to an outcome (e.g., life Xears gained, quality adjusted life years gained)
to obtain incremental cost effectiveness ratios.™

Within the *monitoring’ subsection of the framework, the issues to consider are the form and
method of MPA monitoring. In our analysis of form, we also include the type of MPA (total
[bound and free], free) and the means for measuring each type in serum or plasma, namely
assays such as HPLC (High-Performance Liquid Chromatography), HPLC-MS (High-
Performance Liquid Chromatography-Mass Spectrometry), or EMIT (Enzyme-Multiplied
Immunoassay Technique). In our analysis of form, we also include variations in albumin (to
which MPA binds strongly), concentrations of MPA metabolites, and pharmacogenetics.
Methods of monitoring include total AUCo_;, (area under the curve) and limited sampling
strategies such as two hour (2h) post dose concentrations and predose concentrations.

Several factors are hypothesized to affect the utility of MPA monitoring, including age,
gender, ethnicity, use of calcineurin inhibitors or concomitant medications, and comorbidity.
This is because these factors may influence the disposition of MPA (i.e., adsorption, distribution,
metabolism, or excretion).

Topic Assessment and Refinement

Research Team

The McMaster University Evidence-based Practice Center (MU-EPC) assembled a
multidisciplinary research team with expertise in epidemiology and systematic reviews (M.
Oremus, Ph.D.; P. Raina, Ph.D.), toxicology (J. Zeidler, Ph.D.), clinical chemistry (C. Balion,
Ph.D.), pediatric nephrology (M. Matsuda-Abedini, M.D.), and pharmacy (M. Ensom,
Pharm.D.). The team was tasked with planning an approach to completing this evidence report
in a thorough, timely, and efficient manner. The team had regular meetings in the initial stages
of the project to reach consensus on key methodological issues. The team was also responsible
for supervising the literature search, screening, and data abstraction. The team synthesized the
literature and wrote the discussion.

The research team held a ‘kick-off” teleconference with representatives from the partner
organization (American Association of Clinical Chemistry), the Agency for Healthcare Research
and Quality (AHRQ), and MU-EPC staff at the start of the project to define the magnitude of the

17



topic and refine and clarify the preliminary key questions. A Technical Expert Panel (TEP),
composed of internationally recognized experts in MPA, was assembled to provide high level
content expertise on MPA monitoring. Members of the TEP were requested to participate in
teleconferences on an as needed basis throughout all phases of the project.

Technical Expert Panel Teleconference Calls

The first TEP teleconference call took place on February 8, 2007. Technical experts included
Dr. Klemens Budde (Managing Senior Physician, University Clinic Charité), Dr. Guido Filler
(Chair/Chief, Department of Pediatrics, Children’s Hospital of Western Ontario), Dr. Atholl
Johnston (Professor of Clinical Pharmacology, Barts and the London, Queen Mary's School of
Medicine and Dentistry), and Dr. Leslie M. Shaw (Professor of Pathology and Laboratory
Medicine, Hospital of the University of Pennsylvania) (see Appendix E* for a list of TEP
members). A second TEP teleconference took place on April 18, 2007 (Drs. Budde, Filler,
Johnston, and Shaw present). Several topics were discussed during both calls, including the
definition and scope of the key questions, search strategies, inclusion and exclusion criteria, and
the composition of the screening and data abstraction forms.

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrg.gov/clinic/tp/mpaorgtp.htm
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Figure 2. Analytical Framework
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General Methods

Key Questions

The original set of key questions for this evidence report was revised by the MU-EPC

research team and discussed during the TEP teleconferences. Additional discussants at the
teleconferences included representatives from the partner organization and the AHRQ’s Task
Order Officer (TOO).

1.

The revised key questions are:
What is the evidence that monitoring mycophenolic acid in patients who receive a solid organ
transplant results in a lower incidence of transplant rejections and adverse events compared to
patients who are not monitored?

. Does the incidence differ by any of the following?

a) MPA dose and dose frequency;
b) Type of MPA (mycophenolate mofetil [CellCept®], enteric-coated mycophenolate sodium
[Myfortic®]).

. @) Does the incidence differ by any of the following?

ia) Total versus free MPA
ib) Albumin versus MPA
iia) MPAG, AcCMPAG versus MPA
iib) Genetic basis of differences in MPA pharmacokinetic parameters
iii) Assay method (HPLC, EMIT, HPLC-MS, other)
b) Does the incidence differ by analytical method of MPA monitoring?
i. Full AUC
ii. Limited sampling strategies
a. Predose concentrations
b. 2h post dose concentrations
c. Other

. Does the evidence for monitoring MPA differ by any of the following?

a) Age

b) Gender

c) Ethnicity

d) Concomitant use of calcineurin inhibitors (e.g., tacrolimus, cyclosporine)
e) Concomitant use of other medications

f) Comorbidity

. What is the short- and long-term cost-effectiveness of avoiding acute rejection due to MPA

monitoring?

Literature Search Strategy

We conducted a comprehensive search of the literature to capture all relevant, published

studies on the topic of therapeutic drug monitoring (TDM) for MPA. The following electronic
databases were searched:

1. MEDLINE® (1966- October 22, 2007);
2. BIOSIS® Previews (1976- October 22, 2007);
3. EMBASE® (1980- October 22, 2007);
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4. Cochrane Database of Systematic Reviews® (1995- October 22, 2007):

5. Cochrane Central Register of Controlled Trials® (1995- October 22, 2007).
Appendix A" contains a detailed description of the database search strategies.

To supplement the database search, we examined the reference lists of several recently
published review articles®® and consulted with the TEP to identify additional published studies.

Inclusion/exclusion criteria. We included studies published in the English language,
provided they were randomized controlled trials (RCTSs), observational studies with comparison
groups (e.g., cohort, case control), or case series (a retrospective or prospective study with a
single group of subjects [no comparison group] enrolled according to predefined criteria). Case
reports, narrative and systematic reviews, editorials, comments, letters, opinion pieces, abstracts,
conference proceedings, and animal experiments were excluded from the report. We included
studies of pediatric and adult patients who received allograft solid organ transplants from live or
deceased donors, provided that any form of MPA was measured in serum or plasma. At least
one measure, at one point in time, had to be made using any method of measurement (e.g.,
AUC). We excluded studies that did not link the measures of MPA in blood to a health outcome.
Examples of health outcomes included transplant rejection, graft survival, overall patient
survival, or mortality. Certain biomarkers (e.g., serum creatinine, glomular filtration rate [GFR])
and all adverse events were also considered health outcomes.

Data Collection and Reliability of Study Selection

A team of trained raters, composed of research assistants, MU-EPC staff, and members of the
research team, applied the inclusion and exclusion criteria to the citations that were identified in
the literature search (see Appendix B). A guide and standardized forms were developed to
govern the screening process. The forms were created and stored online using Systematic
Review Software v4.0 (SRS; TrialStat Corp., Ottawa, Ontario, Canada).

The screening process was divided into two levels: title and abstract, and full text. For title
and abstract screening, two independent raters evaluated the citations that were obtained from the
literature search. Citations that met the inclusion criteria or for which there was insufficient
information to determine whether or not they did, were retrieved for further assessment. Once
retrieved, the entire study publication (full text) was screened to determine if the inclusion
criteria were met. At this stage, the raters assigned the included studies to categories based on
the key question or questions to which the studies applied. Inclusion of studies required
agreement from both raters. Discrepancies were resolved by consensus. If consensus could not
be reached, then a third party arbitrator reviewed the study in question and made a final decision.
The arbitrator was an epidemiology trained member of the MU-EPC staff who was not otherwise
involved in the screening process.

Studies that passed the full text screening phase proceeded to full data abstraction. Data were
abstracted by MU-EPC staff (including two trained physicians). Members of the research team
who were responsible for synthesizing data for the key questions reviewed the abstractions to
confirm the accuracy of the work.

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrg.gov/clinic/tp/mpaorgtp.htm
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Quality Assessment of Included Studies

The methodological quality of included studies was assessed using ‘core’ criteria enumerated
in the draft Evidence-based Practice Center Methods Manual (under preparation by the AHRQ).
These core criteria represent the most important elements by which to judge study quality.***'%?
The criteria were formulated into questions, which are shown in Appendix B*. Two reviewers
independently assessed study quality and resolved discrepancies by consensus.

For controlled trials, we examined the following topics: method of randomization, method of
allocation concealment, baseline comparison of groups, differences between groups at baseline,
availability of intent to treat analysis, description of methods used to measure MPA, definition of
the outcomes related to monitoring MPA, blinding of subjects, persons measuring MPA, persons
assessing outcomes and the presence of a differential loss to followup between groups.

For observational studies, we examined the following topics: sample size for primary and
secondary outcomes, selection method of subjects, baseline comparison of groups, differences
between groups at baseline, description of the methods used to measure MPA, definition of
outcomes related to monitoring MPA, blinding of subjects, persons measuring MPA, persons
assessing outcomes, presence of a differential loss to followup between groups and whether the
authors controlled for confounding.

Summary of Findings: Descriptive and Analytic Approaches

A qualitative descriptive approach was used to summarize study characteristics and
outcomes. Multiple reports on the same study cohort were grouped together and treated as a
single study with the most current data reported for presentation of summary results.

Descriptive approaches were used to summarize the characteristics of included studies and
answer the key questions. The research team judged that a meta-analysis was not feasible
because the included studies contained far too much clinical and methodological heterogeneity.
Instead, data were collected during the abstraction on the characteristics of study participants,
treatment regimen, form of MPA, method of measuring MPA, measurement time points, and
outcomes. The quality of this information was judged and the findings were summarized in both
text and tables. This evidence report provides a greater understanding of TDM for MPA,
identifies gaps in existing research, and suggests future research.

Peer Review Process

The partner organization, TOO, research team, and members of the TEP identified potential peer
reviewers. The MU-EPC compiled a list of these reviewers, all of whom were approved by the
AHRQ prior to the circulation of the draft report. The reviewers were asked to review the report
and provide feedback on clinical and methodological content, as well as on the readability and
presentation of information. Their comments and suggestions were incorporated where possible.

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrg.gov/clinic/tp/mpaorgtp.htm
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Chapter 3. Results

Literature Review and Screening

The literature search yielded 11,642 citations. In total, 1,147 citations (96 percent) were
excluded from further review following initial title and abstract screening; 495 citations
proceeded to full text screening. Of these 495 citations, 406 (82 percent) were excluded from
further review and 89 (18 percent) advanced to the data abstraction phase. At this phase, the 89
studies were slotted according to the key question or questions to which they applied. Three
studies' % were not relevant for any of the review questions. Figure 3 depicts the flow of
studies through the screening process. As well, the figure shows the reasons for study exclusion.
The remainder of this chapter contains sections describing the evidence for the key questions and
a quality assessment of the studies.

Key Questions

Question 1. What is the Evidence That Monitoring Mycophenolic Acid
in Patients who Receive a Solid Organ Transplant Results in a Lower
Incidence of Transplant Rejections and Adverse events Compared to

Patients who are not Monitored?

Only three studies (four reports)’'? contained one group of patients who were monitored and
one group of patients who were not monitored. The first study was published by Meiser et al. in
two companion papers with identical results.”® The investigators consecutively enrolled 15
adult, orthotopic heart transplant patients into a study of fixed dose MMF (Mycophenolate
Mofetil) (2 g daily) and tacrolimus (group 1). A further 30 patients with the same characteristics
were subsequently enrolled to receive MMF and tacrolimus, with MMF dose adjusted according
to plasma predose concentration (group 2). Target plasma predose concentrations were set
within a range of 2.5 to 4.5 ng/mL. Mean lengths of followup were 696 days (group 1) and 436
days (group 2). Five group 1 patients remained rejection free over the course of followup; 27
group 2 patients also remained rejection free. Plasma MPA (Mycophenolic Acid) predose
concentrations were measured retrospectively in group 1 patients and an inverse association was
found between mean plasma MPA and the number of rejection episodes per patient: 0 rejections
(3.6 ng/mL); one to two rejections (2.2 pg/mL); three rejections (1.4 pg/mL). For group 2
patients, the authors report only the MPA plasma concentrations for the three patients who
suffered rejection (1 rejection episode per patient): 0.7, 1.3, and 0.9 pg/mL. Diarrhea or
vomiting were reported in six group 1 patients and nine group 2 patients; cytomegalovirus
(CMV) was reported in three group 1 patients and four group 2 patients. The authors do not
provide p-values or confidence intervals for any inter or intra-group comparisons.

Flechner et al.” conducted a similar sequential allocation study by recruiting one group
(n=160) of kidney transplant recipients who received a fixed dose of 2 g MMF daily and a
starting dose of 5 g p.o. sirolimus. After this group was recruited, the investigators recruited
another group (n=100) who received 1 g MMF daily (sirolimus regimen unchanged relative to
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2 g group). Dosage in the 1 g group was adjusted to keep MPA Cy concentrations between 1.8
and 4.0 pg/mL.

After six months of followup, there were no differences (p>0.05) between groups in biopsy
confirmed acute rejections (8.8 percent [2 g] versus 13.0 percent [1 g]) or mean serum creatinine
concentrations (1.41 mg/dL [2 g] versus 1.47 mg/dL [1 g]). There were also no differences in
the incidence of CMV or Polyoma viral infections. However, the incidence of some
gastrointestinal adverse events was lower in the 1 g group: nausea, vomiting, or dyspepsia (8.0
percent versus 20.6 percent; p=0.007); abdominal pain (4.0 percent versus 10.6 percent; p=0.05);
diarrhea (20.0 percent versus 34.3 percent; p=0.01).

The third study,'® which was published online in October 2007, was a 12 month RCT
comparing adult kidney transplant patients in France. Patients received a quadruple
immunosuppressive regime that included randomization to fixed-dose or concentration-
controlled MMF. Persons in both groups received 2 g MMF daily for seven days, after which
the fixed-dose group could receive dose adjustments based on physician experience. In the
concentration-controlled group, a three-point, limited AUC (area under the curve) sampling
strategy (20, 60, and 180 minutes post-MMF administration) was calculated using Bayesian
estimates to achieve an MPA target dose of 40 mg h/L. MPA was measured with the HPLC
assay at days 7 and 14 post-transplant, as well as at months 1, 3, 6, and 12. The primary
endpoint was treatment failure, which was a composite endpoint consisting of death, graft loss,
acute rejection (renal biopsy or Banff classification), or MMF discontinuation. The primary
analysis was an intent-to-treat analysis consisting of 65 patients in each group. There were more
treatment failures in the fixed-dose group (n=31; 47.7 percent) than in the concentration-
controlled group (n=19; 29.2 percent) (p=0.03). The principal component of these failures was
the difference in any type of acute rejection (fixed-dose: n=20 rejections; concentration-
controlled: n=8 rejections [p=0.01]). The remaining components of the composite outcome were
not statistically significantly different at the 5 percent level. Adverse events tended to be higher
in the concentration-controlled group, although the only statistically significant difference
(p<0.05) was observed in the case of herpes (eight events in the concentration-controlled group;
one event in the fixed-dose group).
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Figure 3. Flow diagram showing the number of citations processed at each level of the screening process

25



Question 2. Does the Incidence Differ by any of the Following?

2a: MPA Dose and Dose Frequency

The association between dosage and incidence of transplant rejections and adverse events has
been described in 41 articles (38 separate studies) of patients who received a solid organ
transplant (See Evidence Table 1, Appendix C*).7111214-16.18.21.2224.2527.2830.31.3335.36,39-4244.51-
33:36.59-62.67.69.72.13. 171106107 O f the 41 articles, one’ was described in a duplicate report,® two
others reported on the same study (i.e., study design and patient population) yet contained
different analyses,'""'? and another study reported with two different analyses.*** Five studies
(six articles) were randomized controlled trials,'""'***2*°1""> two (three articles) were non
randomized controlled trials,”*"' seven (one of which was also described in a separate case
series) were prospective cohort studies,”**>***1%77 two were case control,”*'* two were
retrospective cohort studies,”** and 20 (one of which was already described in a separate
prospective cohort study™) were case series, 1416:1821:27:30.33.36.44.56.59-62.67.69.72.73.76

Most studies were in kidney transplant recipients. Liver transplant recipients were studied
separately in three studies,™®"** with kidney transplant recipients in one study,” and kidney and
small bowel transplant recipients in another.”* Heart transplant recipients were studied in five
studies (six reports).”***444>7% pediatric transplant recipients were studied separately in two
studies,””” with young adults in one study,* and adults in one study.* Of the four pediatric
studies, two were kidney transplant,””””> one was liver transplant,*’ and one heart transplant.**
Young adults were studied with adults in one kidney transplant study.41 All other studies
involved persons over 16 years of age. There were no studies comparing dose frequencies.

The results of the studies for Question 2a are shown in Tables 1 to 4. In the following
paragraphs, we outline the results of the most important studies that address this issue. A total of
10 studies'!28-30:31-3335.36.42.52.53 oy amined whether MMF dosage was associated with rejection.
Three studies®”'° found an association and seven did not.''**332%425253 Only one study, an
RCT by Hale et al.,'" attempted to compare rejection outcomes for subjects with planned dose
adjustments based on different target MPA plasma or serum concentrations.

In the Hale et al. trial kidney transplant recipients were allocated to three pre-defined MPA
AUC groups (low: 16.1 pg h/L; intermediate: 32.2 pug h/L; high: 60.6 pg h/L). The incidence of
biopsy proven acute rejection was 25.5 percent, 8.5 percent, and 5.8 percent respectively in each
of the three groups (p=0.043). Univariate logistic regression p-values between biopsy proven
rejection vs. MPA AUCy.12, MPA Cpax, MPA Cy, and MMF dose were < 0.0001, 0.0008, 0.0049,
and 0.0918, respectively (not significant for MMF dose). In multivariable logistic regression
analysis, MPA AUC remained statistically significant, but MPA C,.x, MPA C (predose plasma
or serum concentration), and MMF dose were all not significant.

There were a total of 20 studies containing evidence about whether MMF dosage was
associated with adverse events. Ten (11 reports) showed statistically significant
associations' "1#141622336269.7275 5y 4 10 showed no significant associations,'*2!1-321:33-26.61.72.76
Positive associations were observed in the RCT conducted by Hale et al.'' and van Gelder et al.'?
(two reports using data from the same trial), which was the only study that attempted to compare
adverse effect outcomes for subjects with planned dose adjustments based on different target
MPA plasma concentrations (low: 16.1 pg h/L; intermediate: 32.2 pg h/L; high: 60.6 ng h/L).

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/mpaorgtp.htm
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The risk of diarrhea and the risk of premature study withdrawal due to adverse events were both
significantly associated with mean MMF dose.!' Posthoc analysis further showed that only the
premature withdrawal due to gastrointestinal (and not other) adverse events was significantly
related to MMF dose. This suggests that high local, non systemic, drug concentrations may be
responsible for MMF’s gastrointestinal adverse events. A case series conducted by Hubner et
al.”® in kidney transplant recipients reported adverse events for subjects with planned dose
adjustments based on MPA predose concentrations and subjects taking MMF without changes
based on plasma concentrations. The data were graphically depicted and, as such, no direct
comparisons could be made. However, the data did show that there was no significant difference
in mean MMF dose between patients with or without adverse events (1.77 g/day versus 1.89
g/day, p>0.05).

2b: Type of MPA (mycophenolate mofetil [CellCept®], enteric-coated
mycophenolate sodium [Myfortic®])

There was no evidence in the included studies to answer this question. ECMPS was used in
only one study,” which consisted of 12 kidney transplant recipients who were given 720 mg of
the drug twice daily within 48 hours post transplant. All of the other included studies used
MMEF. No study contained direct comparisons of ECMPS and MMF.

Question 3a: Does the incidence differ by any of the following?

Does the Incidence Differ by Albumin versus MPA?

Twenty two studies included measurements of free MPA or albumin in addition to total MPA
(See Evidence Table 1, Appendix C*),'32!38:40-5233.66.69.7. 108113 Tphere were 12 case series,'*
19:21.66.69.110.ULIL o3y wrospective cohort studies, 234927 two case control studies,”''? and
two non randomized controlled trials.**'®® The transplanted organs were livers in two
studies,**® hearts in one study,” and kidneys in the remaining 19 studies. Sample sizes ranged
from eight”"'"® t0 210.** Patients were between 0.3* and 77 years old.>® The percentage of
male study subjects ranged from a low of 38 percent in one study*' to a high of 82 percent in
another.”” Patients were followed up from one''"*'"* to 38 months.'* Of these 22 studies, 13
compared total with free MPA or albumin.?H1%101215 Oyt of these, the eight studies most
relevant to Question 3aia associated adverse events or rejection with measurements of free vs.
total MPA"*'32° or albumin versus total MPA.'* See Table 5. All studies except Maes et al.'®
and Shaw et al.”” analyzed rejection outcomes. Rejection of a kidney was biopsy proven
whenever possible and scored according to Banff criteria in four studies.””'>'"” Kidney rejection
was not defined by Cattaneo et al.'"® Rejection of a heart was determined by endomyocardial
biopsy according to International Society for Heart and Lung Transplantation criteria.'” Maes et
al.'® looked at orocecal transit time (OCTT) and oroanal transit time (OAT) as measures of
motility and intestinal absorption in renal transplant patients with persistent afebrile diarrhea.
Kidney lgugﬁ‘%i?glzgests were analyzed in relation to MPA PK (pharmacokinetic) parameters in six
studies. > ™

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/mpaorgtp.htm
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All studies except DeNofrio et al."” had adverse events as outcomes. Adverse events
(gastrointestinal, haematological, infectious) were well defined by Borrows et al.,'* Atcheson et
al.,"* and Weber et al.'” Gastrointestinal and haematological adverse events were well defined
by Kuypers et al."” and Cattaneo et al.'"® Shaw et al.® had clear definitions of haematological
adverse events, but not gastrointestinal adverse events. Albumin in relation to MPA PK
parameters was analyzed in five studies.'>'*'"'®% In addition to the eight most relevant studies,
five studies compared free and total MPA in relation to kidney function tests or albumin, but not
to adverse events or rejection.0%110:112.113

The remaining nine studies were not directly relevant to the key question. Eight studies
related total, but not free MPA or albumin, to an outcome, 0233666970108 A i er study
related free MPA to albumin and renal function and total MPA to adverse events and rejection.”®

Rejection, adverse events, and free versus total MPA. Nine studies associated free MPA
PK parameters or albumin with adverse events or rejection.*' Four of these studies did not
find statistically significant associations between free MPA parameters and adverse events or
rejection, nor differences in this respect between free and total MPA.">'*! Kuypers et al."” did
not find significant associations between free or total MPA C, C.x (maximum concentration),
or AUC values and rejection or adverse events in inter and intra-patient comparisons (data not
shown by authors; p-values only given as not significant). Free median MPA predose
concentrations within 19 patients were 27.9 ug/L without anemia and 34.2 pg/L with anemia;
total MPA predose concentrations were and 2.61 mg/L without and 2.0 mg/L with anemia.
DeNofrio et al.’s study'® of heart transplant patients found lower AUCs of total MPA and free
MPA (fMPA) in grade 2/3 rejection versus grade 0 or grade 1 rejection (all results significant
except the total MPA grade 2/3 versus grade 0 comparison [p<0.08]). However, there were no
reported differences for free versus total MPA. Two studies found that five? or four®' patients
with impaired renal function who developed leukopenia tended to have higher fMPA AUCs than
patients who did not develop leukopenia, but the small numbers did not allow statistical
conclusions. No comparison to total MPA was made in these cases. Diarrhea in 10 out of 33
patients was not associated with high free or total MPA C, or predose values (data not shown by
authors).*

Atcheson et al." found no association between free or total MPA parameters and rejection,
gastrointestinal effects, or anemia. On the other hand, the mean fMPA AUC,.; was significantly
higher in patients with thrombocytopenia, leucopenia, or infections (1.9 mg h™ 1'") than in
patients without these outcomes (1.1 mg h™ I''; 95 percent CI for the difference: 0.3 to 1.4;
p=0.0043). Total MPA AUC values for these outcomes were not different (p=0.18). Weber et
al.'” also found that fMPA AUC, but not total MPA AUC, were associated with leukopenia and
infections. Similarly, Cattaneo et al.'® saw a correlation between the free fraction of MPA (but
not total MPA) and lower red blood cell and leukocyte counts. Borrows et al."* did not measure
fMPA, but correlated hypoalbuminemia and renal impairment, both known to increase fMPA
(see below), with hemotoxicity. Multivariable analysis showed that higher MPA predose
concentrations, lower serum albumin, and lower estimated creatinine clearance (eCrCl) were
independently associated with a higher probability of anemia (relative risk [RR] for 1 mg/L rise
in median MPA concentration in the 30 days before the event: 1.62; 95 percent CI: 1.24 to 2.12;
RR for 10 g/L rise in albumin: 0.70; 95 percent CI: 0.40 to 0.87; RR for 10 mL/min rise in eCrCl
(estimated creatinine clearance): 0.80; 95 percent CI: 0.67 to 0.91; p<0.001 for all). According
to receiver operating curve (ROC) analysis, an MPA predose concentration of 2.60 mg/L and a
serum albumin concentration of 29 g/L best discriminated patients with and without anemia.
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Maes et al.'® studied patients with unexplained enterocolitis and persistent afebrile diarrhea
without evidence of infections and found a correlation between oroanal transit time and MPA
(r=-0.87; p=0.02) or fMPA (r=-0.88; p=0.02), but no difference between MPA and fMPA
(p>0.05). They hypothesized MPA to be causal in this relationship. None of the studies above
seemed to have found free MPA PK parameters useful to predict diarrhea or rejection.

Kidney function, albumin, and free MPA. Studies that related kidney function or albumin
to free MPA measurements' >+ >202138 109021 oo orally found that impaired kidney function
as well as hypoalbuminemia were associated with increased concentrations or AUCs of fMPA
and MPAG but not total MPA. Weber et al.!'? showed that free, but not total, MPA AUCy.»
values were inversely correlated with GFR (Glomerular Filtration Rate) in 18 children and 10
adults (r=- 0.57, p <0.01 at 1 week; r=-0.41, p < 0.05 at 3 weeks after renal transplantation). In
children (36 observations from weeks 1 and 3 combined), the MPA free fraction was inversely
correlated with serum albumin (r=-0.54, p<0.01) and GFR (r=-0.60, p<0.001). Forward stepwise
regression showed that the free fraction of MPA was significantly related to albumin and GFR
(r"=0.46). In adults the MPA free fraction was also inversely correlated with GFR (r=-0.70,
p<0.005), but not with albumin. Conversely, Johnson et al.,111 who did not measure fMPA,
found by multiple linear regression in 10 kidney transplant patients that creatinine (p=0.01) and
albumin (p=0.03) predicted total MPA AUC.i5.

Does the Incidence Differ by Genetic Differences or Metabolite
Concentrations?

The relationships between genetic polymorphisms, pharmacokinetics of MPA, and health
outcomes were examined by two studies.’””’ Twenty three studies reported measurement of the
major, inactive, phenolic conjugate metabolite mycophenolic acid-7-O-glucuronide (MPAG)
(See Evidence Table 1, Appendix C* and Table 6).!%16:18:20-2532.3844.58.6473.108-113 76 getive acyl
glucuronide metabolite of MPA (AcMPAG) was measured in two of the 23 studies.'>"!°
Fourteen studies were case series, > ¢18:21:3032:4458.64. 3. HOHLUS6 o3y wwore prospective cohort
studies,zo’23 2479109115 05 were non randomized controlled trials,3 8108 one was a retrospective
cohort study,** one was a case control study,''> and one was a randomized controlled trial.*>
Almost all studies dealt only with kidney transplantation, except for two heart transplant
studies™* and one study including liver, small bowel, and kidney recipients.”* Samples ranged
from five''>''® to 95 people.” Ages ranged from 1 month* to 77 years.”® Between 20''>''® and
73 percent®™® of participants were male and were followed up from 2 days'">''° to 3 years.”

Outcomes described in one of the genetic papers’ included diarrhea, leucopenia, and other
haematological disorders, as well as biopsy proven acute rejection, all in relation to single
nucleotide polymorphisms (SNPs). Liver dysfunction was also described in relation to MPA PK
parameters and SNP genotype.” Delayed graft function and hypoalbuminemia were associated
with MPA PK parameters. The second genetic study’ associated MPA PK parameters and
SNPs with acute rejection (classified according to Banff criteria) and diarrhea (undefined) with
genotype.

Sixteen out of the 23 studies that measured metabolites compared PK parameters of MPA
with those of its metabolites in relation to health outcomes.'>'®*0233810810115 Gyt of these
studies, the seven studies most relevant to questions about biological variation associated adverse

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/mpaorgtp.htm
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events or rejection with measurements of MPA versus metabolites.'>'*2***% Adverse events
were described by five studies'>2**%*° Merkel et al.” list hemoglobin, elevated transaminases,
CMV infection, and diarrhea (all undefined) as adverse drug reactions. Kuypers et al."® reported
anemia (hemoglobin < 11 g/dL beyond the first month), leukopenia (white cells <4 x 109/L) and
other less well defined adverse events. Maes et al.'® reported fecal fat loss and Bunchman®
reported undefined gastrointestinal, haematological, and infectious adverse events. Tsaroucha et
al.** described only minor gastrointestinal problems without attempts at correlation to MPA.
Shaw et al.”’ defined leukopenia (whole blood count < 5000), but not gastrointestinal effects.
Behrend et al.> did not specify their observed adverse events. A few studies”*""” did not
contain clear definitions of rejections. Others'>'®** used Banff criteria if biopsy was not
contraindicated. Shaw et al.’ defined rejection as based mostly on creatinine, but didn’t relate
this outcome to MPA or metabolites, and neither did Maes et al.'® Renal function tests or
albumin were evaluated in connection with MPA or metabolites in four of the seven
studies.'>?**% The seven studies of highest relevance were accompanied by nine studies that
compared MPA and metabolites related to lab based outcomes, but not to adverse events or
rejection, 21108 113.115.116

The remaining seven less relevant studies did not compare either MPA to metabolites or
associate outcomes with metabolites.'*=2%443%6473 They did relate MPA mostly to rejection
outcomes.

Pharmacogenetics. Naesens et al.”” found that seven days after transplantation, renal
allograft recipients (n=9) without the C-24T SNP of the multidrug resistance associated protein 2
(MRP2), but with mild liver dysfunction, had lower MPA exposure compared to MRP2 C-24T
non carriers (n=45) without liver dysfunction. Dose corrected MPA C, concentrations were 1.9
+ 1.6 versus 3.8 = 3.2 mg/L-g (p=0.045) in liver disease versus no liver disease. Dose corrected
MPA AUC,.; values were 34.1 + 16.8 versus 81.8 = 51.0 mg-h/L-g (p=0.0007). MPA exposure
in carriers of the MRP2 C-24T variant were similar with (n=7) or without (n=34) liver
dysfunction. In this subgroup, the dose corrected MPA C, concentrations were 3.4 + 2.5 versus
4.0 £2.5 mg/L-g (p > 0.05) in liver disease versus no liver disease. Dose corrected MPA AUC.;,
values were 94.4 + 50.4 versus 79.6 + 35.4 mg-h/L-g (p=0.0007). The C-3972T variant, in
linkage disequilibrium with C-24T, led to similar effects. The C-24T SNP was associated with
higher MPA exposure later after transplantation and with more diarrhea within one year after
surgery.

Satoh et al.*” studied the circadian variation of MPA PK, the association between MPA PK
and acute rejection, and the association of several polymorphisms related to the Clock gene, the
uridine diphosphoglucuronosyltransferase (UGT) system, cytochrome P450 3AS, and the
multidrug resistance 1 (MDR1) C3435T variant, with circadian MPA variation and the incidence
of adverse events and rejection. MPA PK was found to vary with the time of the day (daytime
AUC > nighttime AUC). MPA PK parameters were lower in patients with acute rejection than
in those without, and the MDR1 C3435T genotype was associated with a higher incidence of
diarrhea than in patients with the CC genotype (p=0.049). No direct associations between
genotype, MPA PK, and outcomes were found.

Rejection, adverse events, and metabolites versus MPA. Seven studies related adverse
events or rejection with measurements of MPA versus metabolites.'>'****%* Significant
associations were found in two studies.'>'® Kuypers et al."” reported higher median AcMPAG
(0.24 versus 0.12 mg/L, p=0.03), MPAG C, concentrations (62.8 versus 58.3 mg/L, p=0.02), and
AcMPAG/MPA ratios (0.10 vs. 0.06, p=0.004), but not higher MPA C, concentrations (2.0 vs.
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2.61 mg/L, p>0.05) in patients who experienced anemia compared with times when they did not
experience anemia (intra-patient comparison, 19 concentrations). The authors also found lower
median MPAG C, concentrations (n=10) at times of a leucopenia episode compared to
concentrations at times of no leukopenia (47.2 versus 60.5 mg/L, p=0.04). With these
exceptions, inter- and intra-patient comparisons of Cy concentrations, AUCs, or Cpax
concentrations of MPA, fMPA, AcMPAG, and MPAG between the presence or absence of acute
rejection, diarrhea, leucopenia, and anemia yielded no significant differences.

Maes et al.'® found a correlation between the amount of fecal fat loss (a measure of fat
malabsorption with steatorrhea) and MPAG concentrations (r=0.9955, p<0.001), as well as
AcMPAG concentrations (r=0.90, p=0.015) in five renal allograft recipients with persistent
afebrile diarrhea.

Negative results concerning MPA and MPAG concentrations were found in association with
the following: elevated transaminases, CMV infections, diarrhea, and rejections;22 diarrhea,
anemia, leucopenia, sepsis, and rejections (no data shown);> adverse gastrointestinal effects and
rejection in liver transplant recipients;** diarrhea;*® and unnamed adverse events and rejection
(data not shown).”

Kidney function, aloumin and metabolites versus MPA. Thirteen studies compared MPA
and metabolites related to lab based outcomes,!>20222>108-11I315.116 N1p A G Co concentrations or
AUCs were found in all these studies to significantly increase with decreased kidney function as
measured by creatinine concentrations or clearance. MPA Cy and AUC results behaved less
predictably and could either increase, decrease, or not change with kidney function. In a study of
kidney transplant recipients,'” MPAG C, and AUC were elevated in renal insufficiency
compared to preserved renal function (MPAG Cy=274 + 114 versus 92.6 + 36 ug/mL, p<0.001;
MPAG AUC = 3527 + 1130 versus 1550 =392 ug-h/mL, p <0.001). In contrast, MPA C, was
elevated (2.12 + 1.4 versus 1.15 + 0.6 pg/mL, p=0.037), but MPA AUC was not (48.9 = 19
versus 47.3 £ 8.8 ug-h/mL, p > 0.05).

Albumin was correlated to MPA, but not to MPAG.**'"" Multiple linear regression with
adjustment for covariates found that serum albumin in renal allograft recipients positively
predicted MPA AUC,.1, (p=0.03), but not MPAG AUC,.p,.""!

Does the Incidence Differ by Assay Method?

Among all the included studies, only two case series”®?’ involved direct comparisons of
different assay methods (See Evidence Table 1, Appendix C*). Both case series contained
children with transplanted kidneys from the same longitudinal research project.!”!'%"'%!!8 Tn one
study, by Weber et al.,”® 50 patients (31 males) were between 3.2 and 16.0 years old. In the
other study, by Armstrong et al..”” the authors did not report the age or sex of their subgroup of
40 patients. Followup was for six months®® or 70 days.”’

Both papers reported the EMIT (Enzyme multiplied immunoassay technique) and HPLC
(High performance liquid chromatography) assays to measure total MPA Cy, Cyax, and AUC.15.
Weber et al.?® also measured C;, (evening predose) and two abbreviated AUCs. Fifteen of the
patients in the Weber et al. study had a rejection, 11 of which were biopsy proven (Banff criteria)
and four of which were diagnosed on the basis of one or more clinical findings (i.e., body
temperature, graft swelling, tenderness, creatinine 20 percent more than baseline value, oliguria).

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/mpaorgtp.htm
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Nine pezl;[ients in the Armstrong et al. study had acute rejection, which the authors did not
define.

Both studies found EMIT and HPLC equally able to discriminate between patients with acute
rejections during the first 70 days post transplant. This was true for Cy and AUCy_;, in the
Armstrong et al. study®’ and for Cy, C}2, AUCy.1, and the abbreviated AUC estimate
AUC 75min4n In Weber et al.?® Decision concentrations, below which the risk of acute rejection
is increased, were higher with EMIT than with HPLC, presumably because of the known cross
reactivity of the EMIT assay with the active metabolite AcMPAG."? The cut offs for AUC.12,
with a diagnostic sensitivity of 67.7 percent and a diagnostic specificity of 79.4 percent, were
29.5 mg-h/L for HPLC and 36.1 mg-h/L for EMIT.?” The other study showed AUC.;, cut offs at
80 percent sensitivity and 57 percent specificity to be 33.8 mg-h/L (HPLC) and 36.1 mg-h/L
(EMIT).* Cut offs for Cy were 1 mg/L (sensitivity 77.8 percent, specificity 64.5 percent, HPLC)
and 1.3 mg/L (EMIT).”” Weber et al.”® reported a better performance of C,, versus Co with cut
offs for Cj, of 1.2 (HPLC) and 1.4 mg/L (EMIT) (sensitivity 80 percent, specificity 60 percent).
Areas under the ROC curves for Cy, C; and AUC.j, ranged from 0.64 (EMIT, AUC, 95 percent
confidence interval (CI): 0.45 to 0.84; p=0.04) to 0.70 (HPLC, C,,, 95 percent CI: 0.53 to 0.87;
p=0.01),26 or from 0.71 (EMIT, 95 percent CI: 0.51 to 0.91; p=0.020 [AUC]; 0.53 to 0.89;
p=0.012 [Co]) to 0.73 (HPLC, AUC, 95 percent CI: 0.53 to 0.94; p=0.012).>" Cpux Was not able
to discriminate rejectors significantly in either study. None of the PK parameters, regardless of
assay method, were associated with the incidence of adverse events (diarrhea, anemia,
thrombocytopenia, leukopenia, and several viral, fungal and bacterial infections).*®

HPLC-MS was used so rarely that the performance of this assay method could not be
assessed.

3b: Does the Incidence Differ by Method of MPA Monitoring (Full AUC
or Limited Sampling Strategies [i.e., Predose Concentrations, 2 hour
Post Dose Concentrations, Other])?

The association between the method of MPA monitoring and incidence of transplant
rejections and adverse events has been described in 71 reports (67 separate studies) of patients
who received a solid organ transplant. The characteristics of these studies are shown in Evidence
Table 1, Appendix C*)."#10222477.106120° f the 67 studies, one’ was described in a duplicate
report,® another was first described partially'?’ and then in full,*® two other articles reported on
the same study (study design and patient population) yet involved different analyses,'"'* and
another study reported with two different analyses.”>>* Eleven studies (12 articles) were
RCTs,'01225:28:2934303L65.68.75 £501 (five articles) were non randomized controlled trials, !5
nine (one of which was also described in a separate case series) were prospective cohort
studies,13’2()’24’35’39"“’52’77 three were case Control,53’54’106 three were retrospective cohort
studies,””**”* and 41 (including one*® that was also published partially'*’) were case series.'*
19,21,26,27,30,32,33,36,37,43-48,53,54,56-64,66,67,69-74,76,106

Most studies were in kidney transplant recipients. Liver transplant recipients were studied
separately in six studies,****"%6"! with kidney transplant recipients in one study,” and with
kidney and small bowel transplant recipients in one study.”* Heart transplant recipients were
studied in eight studies, (nine reports).”!?#244:4355:3%121 "pediatric transplant recipients were

* Appendixes and Evidence Tables for this report are provided electronically at http://www.ahrq.gov/clinic/tp/mpaorgtp.htm
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studied separately in seven studies,'’*%*"#5373 \ith young adults in one study,* and with

adults in one study.*® Of the nine pediatric studies, all involved kidney transplant with the
exception of one in liver transplant™ and two in heart transplant.**”> Young adults were studied
with adults in one kidney transplant study.*' All other studies involved persons older than 16
years of age.

Of the RCTs, only one is a head-to-head study of concentration monitoring versus no
concentration monitoring' and only two trials (three articles)'"'>*” had the primary aim of
correlating pharmacokinetic parameters with clinical outcomes. None of the other RCTs were
designed with this aim in mind and hence they did not provide direct evidence of the utility of
MPA measurements as they related to clinical outcomes.

Method of MPA Monitoring. MPA monitoring took the form of full AUC measurements
over a 12 hour period (AUCy.1» — seven to 10 plasma or serum samples) in 17 reports.''-'%!7-2¢-
30.32,33.35.36.46.52.66.67.106 e study®’ used AUCs based on five serum samples. The number of
samples was not reported in three studies.'***

Single sample limited sampling strategies included predose (i.e., Co, Cmin, o1 Cj2) in 59
studies, 51 112:14-2022.24-28.30.32.33.36-4744-50.52:62.64.66-76.106.120 5 1 1 st dose concentration (Cy) in
two studies,sé"57 peak (or maximal or Cpy,y) in 11 studies,l1’17’26’36’43’51’52’54’66’75’76 C30min 10 tWO
studies,”’67 C4omin 1n three studies,ZI’5 466 and Cé0min 1N tWO studies®>** Three sample limited
sampling strategies included AUC based on Cy, Cy s, C,*038477 AUC based on C20min, C1, Cg,lo
and AUC based on Cg, C75min, C4.17’26 Four sample limited sampling strategies included AUC
based on Cy, Cy, C2, C4”” and AUC based on Cy, Ci, Cs, Cs.">””® The five sample limited
sampling strategy included AUC based on Cy, C2omin, C40min, C75mins Clzomm.17'21’26 The seven
sample limited sampling strategy included AUC based on Cy, C;, Cy, Cs, Cy4, Cs, Co.”® A final
strategy was AUC.o (sampling times not provided).*

Rejection. Thirty studies, (32 reports) contained evidence showing that a method of MPA
monitoring is associated with incidence of rejection (Tables 7 to 10).”%10-12:17:19.26-33.38-
495437596364 Conversely, 29 studies, (30 reports) contained evidence against such associations
(Tables 11 to 14),!113:1517.1924-26.28.34-3742.4549-62.65

In the first published RCT that involved direct, head-to-head comparisons of monitoring
versus no monitoring, Le Meur et al.'’ found that the incidence of treatment failure (composite of
death, graft loss, acute rejection, and MMF discontinuation) was significantly lower in the
concentration-controlled group (that used LSS of Comin,C1, and C; developed by Bayesian
methods, to target an AUC of 40 mg h/L) compared with the fixed dose group (29.2 percent vs.
47.7 percent, p=0.03). The percentage of acute rejection (12.3 percent vs. 30.7 percent, p=0.01)
and biopsy-proven acute rejection (7.7 percent vs. 24.6 percent, p=0.01) were also lower in the
concentration-controlled group. Cox proportional hazards regression analyses also found that the
group factor (concentration-controlled vs. fixed dose) was the most powerful indicator of acute
rejection (hazard rate ratio [HRR]=1.67, p=0.017); after other nonsignificant variables were
deleted, the group factor was the only significant predictor of acute rejection (HRR=1.65; 95
percent CI=1.09, 2.54; p=0.02)."

An RCT'"" in which kidney transplant recipients were assigned to one of three pre-defined
MPA AUC,.; showed incidences of biopsy proven acute rejection to be 27.5 percent, 14.9
percent, and 11.5 percent respectively in each group (p=0.043). Although all three target values
were exceeded after day 21, there was a significant association between the median natural
logarithm of MPA AUC,.i, and biopsy proven acute rejection (p<0.001). Based on logistic
regression analysis, MPA AUC,.; values of 15 mg-h/L, 25 mg-h/L, and 40 mg-h/L are expected
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to yield 50 percent, 75 percent, and 90 percent of maximal achievable efficacy (with a 4 percent
change in efficacy for every 1 mg-h/L change in AUC at the midpoint of the logistic curve).
Univariate logistic regression p-values between biopsy proven rejection vs. MPA AUCy.1,, MPA
Cinaxs MPA Cy, and MMF dose were: < 0.0001, 0.0008, 0.0049, and 0.0918, respectively. The
authors write that statistical significance is lost when only the first three predose concentrations
are used in the logistic regression analysis. Consequently, they caution against basing dosage
adjustments on a limited number of predose concentrations.'

Another study (two reports)”® reported rejection outcomes for patients on fixed dose MMF
(phase I) versus patients whose MMF dose was adjusted to meet target MPA predose
concentrations of 2.5 to 4.5 mg/L (phase II). In the phase I group, the mean MPA predose
concentrations were 3.6 mg/L with no episodes of rejection, 2.2 mg/L with one or two rejection
episodes, and 1.5 mg/L with three rejection episodes (p-value not provided). In the phase II
group, three patients (all of whom experienced only one rejection episode each) had MPA
predose concentrations of 0.7 mg/L, 1.3 mg/L, or 0.9 mg/L. The authors also suggested that
mean MPA plasma predose concentrations greater than 3.0 mg/L were not associated with
rejection, although no details were provided in the reports.

In an RCT of kidney transplant recipients, Hazzan et al.*® found that an MPA AUC,., cut off
of 50 mg-h/L was associated with risk for acute rejection in a multivariable Cox regression
analysis (adjusted hazard ratio: 0.79; 95 percent CI: 0.64 to 0.98). The authors suggested that
this cut off “needs to be confirmed by further investigations”. In the same study, an MPA
predose concentration cut off of 0.5 mg/L was not associated with risk for acute rejection in the
multivariable model, but it was associated in a simple Cox model (unadjusted hazard ratio: 0.53;
95 percent CI: 0.30 to 0.94).

In nine case series, ROC curves were generated to determine whether a particular PK
parameter could differentiate patients with acute rejection from patients without acute rejection.
Weber et al.?® found that Co, Ci2, AUCy.12, and AUC (based on Cy, C7smin, C4) were able to
differentiate between pediatric kidney transplant recipients with and without acute rejection. An
AUC.; of 33.8 mg.h/L (measured using HPLC assay) had a diagnostic sensitivity of 80 percent
and a diagnostic specificity of 57 percent; AUCy.;2 (measured using EMIT assay) was 36.1
mg.h/L. A C;» (HPLC) of 1.2 mg/L had a diagnostic sensitivity of 80 percent and a diagnostic
specificity of 60 percent; C;» (EMIT) was 1.4 mg/L. In contrast, Cpax and AUC (based on Cy,
Cos, Cy) did not perform as well (p=0.24 and p=0.06 respectively) in differentiating between
rejectors and non-rejectors.”® Weber et al.,'” in a second case series of pediatric kidney
transplant recipients, found MPA C,,, AUCy.j2, AUC (based on Cy, C7smin, C4), and AUC (based
on Cy, Cy s, C,) were able to differentiate between patients with and without acute rejection. An
AUC.1; (HPLC) of 33.8 mg-h/L had a diagnostic sensitivity of 75 percent and a diagnostic
specificity of 64.3 percent. A C;, (HPLC) of 1.2 mg/L had a diagnostic sensitivity of 83.3
percent and a diagnostic specificity of 64.3 percent. Conversely, Cy and Cy,ax did not perform as
well (p=0.07 and p=0.10 respectively) in differentiating between rejectors and non rejectors. In
their third case series of pediatric kidney transplant recipients, Weber et al.*® again found that
AUC (based on Cy, Cy s, Cy) was able to differentiate between patients with and without
rejection. An AUC cut off of 36.8 mg-h/L had a prognostic sensitivity of 66.7 percent and a
prognostic specificity of 61.9 percent.®®

Results from the other six case series are as follows: Armstrong et al.”” showed that an MPA
AUC,.1; cut off of 29.5 mg-h/L (HPLC) for acute rejection in pediatric kidney transplant
recipients had a diagnostic sensitivity of 66.7 percent and a diagnostic specificity of 79.4
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percent; MPA AUC,., cut off was 36.1 mg-h/L (EMIT). An MPA C, cut off of 1.0 mg/L
(HPLC) for acute rejection had a diagnostic sensitivity of 77.8 percent and specificity of 64.5
percent; MPA Co (EMIT) was 1.3 mg/L.” The ROC curve analysis performed by Lu et al.*® in
kidney transplant recipients showed significant correlations between MPA Cj and clinicial
events (toxity and rejection), and revealed a diagnostic sensitivity (65.1 to 84.6 percent) and
specificity (74.7 to 84.7 percent). Pawinski et al.* found that an AUC (based on Cy, Cys, C,) cut
off of 27.5 mg-h/L for acute rejection in kidney transplant recipients had a diagnostic sensitivity
of 81.2 percent and a diagnostic specificity of 93.4 percent. The Cy cut off for acute rejection of
1.1 mg/L had a diagnostic sensitivity of 63.4 percent and a diagnostic specificity of 85.3 percent.
In a similar case series, Pawinski et al.** found that an AUC (based on Cy, Cys, Cy) cut off of
24.1 mg-h/L for acute rejection had a diagnostic sensitivity of 77.8 percent and diagnostic
specificity of 91.7 percent. A Cy cut off of 0.8 mg/L had a diagnostic sensitivity of 59.3 percent
and diagnostic specificity of 83.3 percent. A Cpax cut off of 5.1 mg/L had a diagnostic
sensitivity of 66.7 percent and diagnostic specificity of 87.5 percent. Borrows et al.'* found that
a median MPA C of 1.60 mg/L best differentiated between kidney transplant recipients with and
without acute rejection in the first 30 days post transplant. However, no association was
observed between MPA concentration and five specific acute rejection episodes that occurred
after 30 days. Kiberd et al.’” found that the best cut off point for predicting rejection in kidney
transplant recipients was an AUC (based on Co, C;, C,, C4) of 22 mg.h/L (sensitivity 82 percent,
specificity 64 percent, negative predictive value 89 percent, positive predictive value 30 percent).

Graft function or other efficacy parameter. Two studies'®'* looked at methods of MPA
monitoring and the incidence of graft function (Tables 15 and 16). The first study'® was a case
series involving 46 stable kidney transplant recipients. Graft function was defined by creatinine
clearance (severe graft dysfunction: creatinine clearance less than 20 mL/min). Patients with an
MPA AUC,.; cut off greater than 40 pg/mL-h had better graft function than patients with an
MPA AUC.1; 0f40 pg/mL-h or less. Mean creatinine clearance values were 85.7 mL/min in the
‘greater than’ group and 64.5 mL/min in the ‘less than’ group (p<<0.01). The authors claimed to
have similar findings for an MPA predose concentration (AUC.,) cut off of 1.5 pg/mL, but no
data were reported. MPA AUC,.; was significantly and positively correlated with creatinine
clearance (r=0.52, p< 0.01), as was predose concentration (MPA AUC,.,) (r=0.50, p< 0.01).

A case control study'*® of 27 stable kidney transplant patients looked at the correlation of
MPA AUCy.12, Cpin, and Cpax with IMPDH (Inosine 5'-Monophosphate Dehydrogenase)
activity, a direct pharmacodynamic parameter of MPA. Although the authors reported that “for
the majority of the patients an inverse relationship between MPA concentrations and IMPDH
activity was observed”, patients with comparable MPA AUC.12, Cin, and Cpax values exhibited
different degrees of IMPDH inhibition, which suggests wide interindividual pharmacodynamic
activity. Furthermore, in MPA-treated patients, baseline IMPDH differences may lead to
differences in outcome.

Adverse events. Four studies showed that full AUC (AUC,.\,) is associated with adverse
events. One of these studies was a non randomized controlled trial’' and the three others were
case series.”>*® There were 18 positive studies involving predose concentrations (predose, Co,
Cnin, o1 C13): one was an RCT,68 three were prospective cohort studies,”'41 and 14 were case
series, ' #10-33:3043.48.36.6L9T4 iy studies found other limited sampling strategies to be related to
adverse events: one was an RCT evaluating C, C,, C;, and C665 and four were case series (one of
C4Omin,66 one of Cy, Cy, C3, and C6,59 one of both Cspmin and C60min,59 and one of C30min67). No
studies found C, to be a significant predictor of adverse events (Tables 17-20).
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Eleven studies showed that full AUC (AUC.») is not associated with adverse events. Two of
these studies (three reports) were randomized controlled trials,'""'*** two were prospective cohort
studies,*>? and seven were case series.'2*#36378067 There were 24 negative studies of predose
(Co, Cinin, or Cy2): three (four reports) were RCTs,“’lz’25 5 one was a non randomized controlled
trial,” two were prospective cohort studies,”’”* one was a case control study,’* two were
retrospective cohort studies,”** and 15 were case series (Tables 21 to

24) 1415.17.18.26.36.37.47.57.62.64.66.6172.76

Two studies (a case control>* and a case series’’) found C; not to be a significant predictor of
adverse events. Of 16 studies finding other limited sampling strategies to be unrelated to adverse
events, one was a RCT directly comparing fixed dose versus targeted AUC values based on a
limited sampling strategy (LSS) of Caomin, C1, C3'’, two were RCTs evaluating Cpnas, ' One was
a non randomized controlled trial of AUC0_949, 3 were prospective cohort studies (one of Cy,
C20min, C40min, C75min, and Cy 20min,20 one of Cy, Cy, C3, and C613 , and one of Cmaxsz), one was a case
control study of 3 different LSSs (i.e., C40min, C6omin, and Cmax),5 * and 8 were case series (one
evaluating both Coy, C;, C;, C4, Cs, and Cy as well as Cmax,76 one of Cy, Cy 5, and C2,64 two of Cpax
,36’66 one of Cy, Cy, C;, and C4 ’5 7 two evaluating 3 different LSSs of Cpax, AUCo4 or Co, C7smin,
and C4, and AUCy., or Cy, C20min, Ca0min, C75min, and Cy 20min,17’26 and another evaluating C,,
C0min> C40miny C75mins and Ciaomin”)-

A secondary objective of the Le Meur et al. RCT'? was to compare the incidence of adverse
events in the concentration-controlled versus the fixed dose groups. Overall, 97 percent and 90
percent of patients in the concentration-controlled and fixed dose groups, respectively, reported
one (or more) adverse events. There was no significant difference (p>0.05) in incidence of total
adverse events and specific gastrointestinal events, anemia, leucopenia, or infections between the
two groups, except for herpes infections which occurred more frequently in the concentration-
controlled group (8 vs. 1 event, p<0.05)."

The van Gelder et al.'? and Hale et al."! RCT in kidney transplant patients compared adverse
events for subjects with planned dose adjustments based on different target MPA plasma
concentrations.'"'? They found that premature study withdrawal due to adverse events was not
associated with the median natural logarithm of MPA AUC,.;, (p=0.434) nor the median natural
logarithm of Cy (p=0.512). Associations between each specified adverse effect (i.e., diarrhea,
nausea, leucopenia, CMV, urinary tract infection, and abdominal pain) and MPA AUC,.;,, MPA
Cmax, and MPA Cy were all not statistically significant (p>0.05)."" One explanation for the lack
of statistically significant associations is that the data anlysis in the trial was undertaken before
the ascertainment of total MPA concentrations over time post transplant. Median AUC was used
instead, and patients with higher median AUCs tended to remain in the study longer than patients
with adverse events.’

A case series conducted by Hubner et al.”® in kidney transplant recipients reported adverse
events for subjects with planned dose adjustments based on MPA predose concentrations. The
data showed that MPA predose concentrations for patients with adverse events were higher
relative to patients without adverse events (2.13 versus 1.53 mg/L; p< 0.001). Shaw et al.*’
evaluated two groups of kidney transplant recipients (i.e., MPA AUC-controlled versus MPA Co-
controlled dose adjustment) and stated that the occurrence of diarrhea was not associated with
high concentrations of MPA AUC, predose, or MPAG predose values. However, they did not
provide quantiative data for their claim.*

In three case series,'****® the authors generated ROC curves to determine whether a
particular PK parameter could differentiate between patients with and without adverse events.
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Mourad et al.** found that an MPA C cut off of 3 mg/L for toxicity in kidney transplant
recipients had a diagnostic sensitivity of 38.7 percent and a diagnostic specificity of 91.5 percent.
An MPA Cgomin cut off of 8.09 mg/L for toxicity had a diagnostic sensitivity of 77.8 percent and
a diagnostic specificity of 67.4 percent. Lastly, an MPA AUC,.;; cut off of 37.6 mg-h/L for
toxicity had a diagnostic sensitivity of 83.3 percent and a diagnostic specificity of 59.6 percent.
The ROC curves were not statistically significantly different between these parameters.™
Borrows et al.'* found the median Cos that best discrimated between patients with and without
the following adverse events: leucopenia (2.60 mg/L), anemia (2.75 mg/L), diarrhea (2.40 mg/L),
and viral infection (3.20 mg/L). The Lu et al.* ROC analysis showed significant correlations
between MPA C, and clinicial effects (rejection and toxicity) in kidney transplant recipients,with
a dignostic sensitivity of 65.1 to 84.6 percent and specificity of 74.7 to 84.7 percent.

Question 4. Does the Evidence for Monitoring MPA Differ by any of
the Following?

Forty eight studies were included to address the six components of the key question. Study
characteristics are shown in Evidence Table 1, Appendix C".

4a: Age

Six studies' "'®#6% 112122 3 qdressed the effect of age on MPA PK parameters in kidney
transplant patients. Three of these studies included adult patients only,'**"'** two included
pediatric patients only,'”* and one compared pediatric with adult kidney transplant patients.
One other study involved pediatric heart transplant patients.”® The findings of these studies
(Table 25) are summarized below.

One of the adult only studies (n=117) of kidney transplant patients did not find an association
between age and MPA predose concentrations.” The other adult study (n=46) found that
patients in the MPA AUC.;» >40 pug/mL-h group were slightly but significantly younger than
patients in the <40 pg/mL-h group.'®

Wang et al. compared the pharmacokinetic characteristics of MPA among elderly (defined as
over 60 years of age) Chinese renal transplant recipients (n=24) to younger adults (n=24). '*
This study found that the MPA AUC was significantly lower in the elderly compared to the
younger adult group receiving the same dose of MMF, although the differences in predose, peak
concentrations, or peak times were not significant.'**

Turning to the pediatric only studies, the Bunchman et al.”> multicenter, open label, single
arm study of MMF oral suspension (n=100) showed no clinically significant differences in MPA
and MPAG PK parameters among different age groups. No associations were observed between
low MPA and MPAG plasma concentrations and the incidence of acute rejection. Similarly, no
associations were found between adverse events and PK parameters. Conversely, an open label,
longitudinal evaluation of the PK-pharmacodynamic relationship for total and free MPA in
pediatric kidney transplantation (n=54) by Weber et al.,'” showed that in the first week post
transplant, but not at later, PK sampling periods, low MPA AUC,.;, values were associated with
young age. The same study showed that both MPA AUC,.;; and predose MPA concentrations
were significantly associated with the risk of acute rejection in this patient population. By ROC
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analysis, an AUCy.;2 of 33.8 mg-h/L in the initial phase post transplant had a diagnostic
sensitivity of 75 percent and a diagnostic specificity of 64 percent for discrimination of patients
with acute rejections. The respective discrimination threshold for the MPA predose
concentrations was 1.2 mg/L, with a sensitivity of 83 percent and a specificity of 64 percent.

In the Weber et al.'2 pediatric (n=18) versus adult (n=10) kidney transplant study, which
was an open label, prospective study to evaluate MPA PK parameters, children displayed
concentration-time profiles of total and free MPA after oral administration of 600 mg/m2 body
surface area twice daily that, in general, were comparable to the profiles of adults receiving
1,000 mg MMF twice daily. This was in the first three weeks post transplant. Mean MPA
AUC.1; in pediatric patients one week post transplant was 40 percent higher than in adults, but
comparable at three weeks. The AUCy.;, values of free MPA at one and three weeks did not
differ between children and adults. The authors found higher AUC_;, values for the MPA
metabolite MPAG in adult patients compared with children, but this was most likely due to the
higher incidence of primary transplant dysfunction in the adults.''?

The Dipchand et al.” retrospective study involving pediatric heart transplant recipients
(n=44) found that increased MPA predose concentrations were significantly associated with
older children, thereby implying that higher MMF doses may be required to achieve appropriate
MPA concentrations in very young patients.

4h: Gender

The literature search failed to yield studies of direct relevance to this question. Ideally,
studies to answer this question would examine the relationship between MPA PK parameters and
patient outcomes (e.g. rejection, adverse events) for men versus women. However, three
studies®”*® in kidney transplant patients did examine associations between gender and MPA
PK parameters (Table 26). Of these studies, two””® reported a difference in MPA PK
parameters between men and women, while the third* reported no difference. None of the
studies examined how the associations might affect patient outcomes.

The Lu et al.*’ open label, randomized evaluation of MPA PK parameters in Chinese
primary kidney transplant patients (n=29) showed a statistically significant difference in MPA
AUC.1; according to gender. MPA AUC for females was higher than that of males by 34.3
percent even though females were receiving the same doses of MMF (p=0.0006). In this study,
MPA AUC,.;; was lower in the patients who experienced an acute rejection compared to patients
who did not (40.93 + 14.28 pg-h/ml versus 53.88 + 12.70 pg-h/ml; p=0.038). However, MPA
AUC,., values were not stratified by gender. Similarly, in the Borrows et al.%’ prospective study
of kidney transplant recipients (n=117), multivariable analysis showed that female gender was
associated with higher predose concentrations compared to males (effect size: 1.22; 95 percent
CI: 1.12 to 1.31; p=0.002). In contrast, a prospective study, by Kuypers et al.,”* of 100 de novo,
deceased donor, renal transplant patients showed that MPA PK parameters were not influenced
by recipient gender. The same study found no significant relationship between acute rejection
and MPA AUC()-]Z, C(), or Cmax.

38



4c: Ethnicity
Two studies™® retrieved in the literature search contained data linking ethnicity and MPA
PK parameters (Table 27). Both studies involved kidney transplant patients and suggested there
is no association between ethnicity and MPA PK parameters.

The Shaw et al. study” found no significant differences in MPA AUC values over the three
month study period in African Americans (n=13) compared to Caucasians (n=20). The MPA
predose concentrations were also not statistically significantly different between groups,
although the values were generally higher in African Americans. The incidence of acute
rejection at three months was 30.8 percent in the African Americans and 15 percent in the
Caucasians (p=0.288). The authors suggest that the difference in acute rejection rates may have
been due to differences in immune response. Regarding adverse events, the occurrence of
diarrhea was not associated with high concentrations of either total or free MPA AUC, predose,
or MPAG predose values. The Borrows et al. study® (n=117) showed no association between
ethnicity (White, Indo-Asian, Afro-Caribbean, other) and MPA predose concentrations.

4d: Concomitant use of Calcineurin Inhibitors (e.g., Tacrolimus,
Cyclosporine)

Studies of direct relevance to this question compared one calcineurin inhibitor (CNI) to
another in terms of patient outcomes (e.g., acute rejection or adverse events) related to MPA
monitoring. Other studies addressed the effects of CNIs on MPA PK parameters. In our search,
we found 12 such studies involving renal transplant patients,'>23-36-38:49.63.64.69.76.77.108 1,0
involving cardiac transplant patients,*>*’® and two involving liver transplant patients.**'"” An
additional study compared liver and small bowel transplant recipients to renal transplant
recipients (Table 28).%*

Most studies found that the type of concomitant CNI used for maintenance
immunosuppression influenced MPA PK parameters. Seven studies of renal transplant recipients
(n=29 to 290)'*#3338647677 4 two studies of cardiac transplant recipients (n=20 to 26)*>**
showed that patients receiving concomitant tacrolimus had significantly higher MPA predose
concentrations compared to patients receiving concomitant cyclosporine. For example, in
Atcheson et al.’s prospective study'® of 42 de novo renal transplant patients, patients in the
cyclosporine treated group had a mean total MPA predose concentration (for the same dose of
MMF) that was approximately half of what patients had in the tacrolimus treated group. Most of
these studies also found that not only the predose, but the MPA AUC as well, was significantly
higher with co-administration of tacrolimus compared to cyclosporine.**~***7%"" I the recent
Heller et al. study’’ performed as a sub-study of a phase IV open, prospective, randomized
controlled trial comparing fixed dose versus concentration-controlled MMF regimens for renal
transplant recipients, though MPA AUC was higher in patients on concomitant tacrolimus
compared with cyclosporine, the plasma AcMPAG and MPAG concentrations were substantially
lower in the former group. These data support the assumption that cyclosporine inhibits the
biliary excretion of MPAG and AcMPAG, therefore potentially reducing the risk of intestinal
injury through enterohepatic recycling of MPA and its metabolites. In this study significantly
more patients on tacrolimus suffered from diarrhea compared to cyclosporine (31.1 percent
versus 12.7 percent, respectively).
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One study, by Naito et al.,'” involving 25 Japanese renal transplant recipients showed no
significant difference in MPA predose concentrations between tacrolimus versus cyclosporine
treated groups. There was also no difference in CNI treated patients compared with patients not
receiving concomitant CNIs. The Tredger et al. study®® evaluating 95 adult liver transplant
patients found median MPA concentrations were lower with tacrolimus than with either
cyclosporine or no CNI comedication.*® Ringe et al.'”’ found that a two hour dosing interval
betweelr017MMF and Tacrolimus reduced MPA related diarrhea, resulting in higher Tacrolimus
levels.

4e: Concomitant use of Other Medications

Five studies with relevance to this question were retrieved in the literature search (Table
29).22°0056978 The Mudge et al.” open label, RCT in renal transplant recipients (n=40) found no
significant effect of oral iron supplements on MMF absorption as measured by MPA AUC
measurements. Patients who experienced toxicity showed significantly higher MPA AUC
measurements than those who tolerated MMF well. However, there were no significant
differences in the occurrence of MMF toxicity between the three groups of no iron versus iron
with morning MMF dose versus iron spaced four hours apart from morning MMF dose. There
were also no differences between the three groups in the observed frequencies of anemia,
leucopenia, thrombocytopenia, infection or gastrointestinal intolerance. Rejection rates were
similar between the study groups.

A randomized, open label, crossover study, by Wolfe et al.,”” involving 12 male kidney
transplant recipients evaluated the PK parameters of MPA in patients given 1,500 mg oral MMF
alone, MMF and 5 mg/kg intravenous ganciclovir, and ganciclovir alone in separate phases with
at least a one week washout period in between. The single dose PK parameters of MPA and its
glucuronide metabolite, MPAG, were unchanged by the addition of ganciclovir. Neither the
renal elimination nor the metabolism of MPA to MPAG was altered with the addition of
ganciclovir, as indicated by the percentage of dose excreted as MPAG and the MPAG:MPA
AUC ratio.

The Borrows et al. study® involving 117 renal transplant patients found that treatment with
oral augmentin, ciprofloxacin, or metronidazole was associated with a reduction in MPA predose
concentrations, but no effect was seen with the use of intravenous antibiotics (vancomycin,
tazocin, and carbopenems). The authors explain the lower MPA predose concentration in
patients treated with oral antibiotics as being due to a reduction of enterohepatic circulation. An
antibiotic induced reduction in enteric organisms possessing glucuronidase leads to decreased
recycling of MPAG back to MPA within the bowel and to a consequent reduction in the
secondary peak of MPA absorption. The same study found no association between MPA
predose concentrations and the use of oral prednisolone, ferrous sulfate, calcium carbonate, or
ganciclovir.

Merkel et al.’s? retrospective study of 35 kidney transplant recipients showed no effect of
concomitant steroids or furosemide on MPA or MPAG predose concentrations. The same study
showed a positive correlation between xipamide (a thiazide diuretic) and MPA predose and a
negative correlation between diltiazem and MPA predose.

Kreis et al.’s*® randomized trial of kidney transplant patients (n=78) receiving sirolimus or
cyclosporine showed that the average daily doses of MMF were significantly lower in the

1.’78
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sirolimus group, while MPA predose concentrations were significantly higher in the sirolimus
group.

4f: Comorbidity

Studies addressing the effect of renal function on MPA PK parameters provided mixed
findings (Table 30). In one study of 46 kidney transplant patients, plasma MPA predose
concentrations and MPA AUC,.;, were positively and significantly correlated with patients’
creatinine clearance values.'® A Japanese study involving 25 kidney transplant patients found
that MPA and MPAG predose concentrations were influenced by renal function in cyclosporine
treated recipients, but not in patients treated with tacrolimus.'*®

In a study comparing eight kidney transplant patients with renal insufficiency (defined as
creatinine clearance < 20 ml/min) and 15 renal transplant patients with preserved renal function,
Kaplan et al.”' found that the average free fraction of MPA and the free MPA AUC was
approximately double in patients with chronic renal insufficiency compared to patients with
normal renal function. MPAG average concentrations in patients with renal insufficiency were
significantly higher than patients with preserved renal function. Half of the patients with chronic
renal insufficiency developed leucopenia within one month of the kinetic study. This adverse
effect occurred in patients with the highest free MPA AUC. None of the patients with preserved
renal function developed this complication.”! In another study, Shaw et al.*’ found that impaired
renal function lowered the MPA AUC in both African Americans and Caucasians in the early
post transplant period. This was attributed to an increased free fraction of MPA in the patients
with graft dysfunction as a result of reduced binding of MPA to serum albumin. An open label
prospective study evaluating the MPA PK parameters in pediatric kidney transplant patients
(n=18) compared with adults (n=10) reported a tight inverse correlation between plasma MPAG
AUC,., values and GFR both in children (r=-0.70, p<0.001) and adults (r=-0.83, p<0.001).""?

In another study (n=31), Johnson et al.'* stratified subjects based on their iohexol clearance
and found that MPA clearance was not associated with changes in GFR. C,,,x tended to increase
as GFR decreased. MPAG clearance correlated well with GER (1°=0.90). Clearance of MPA
and MPAG were unaffected by hemodialysis, with losses during hemodialysis representing less
than 10 percent of the dose administered. Morgera et al.''® studied the impact of peritoneal
dialysis on MPA PK parameters in five patients following renal transplantation. MPA and
MPAG AUC decreased during peritoneal dialysis.

In a randomized, placebo controlled trial (n=57 renal transplant patients), the concentrations
for MPA were not affected by graft function or dialysis; however, there was an increase of
MPAG with decreasing graft function.”> In a study of eight kidney transplant patients, renal
dysfunction was associated with altered PK parameters of MPA, particularly increased AUC. >
of MPAG, MPA free fraction, and AUCy.;; of free MPA. The perturbed PK parameters
normalized with improving renal function.'"® Another prospective study evaluated the impact of
peritoneal dialysis on the PK parameters of MPA in five kidney transplant recipients. They
found a significant inverse correlation between GFR and MPA-AUC and between GFR and
MPAG-AUC.'"

The effect of liver function on MPA PK parameters is not entirely clear. In the Zakliczynsk
et al.”’ study of 76 cardiac transplant patients, a significant positive correlation was observed
between MPA concentrations and cyclosporine in patients with impaired liver function.
However, no correlation was noted between MPA predose and cyclosporine in patients without

41



liver dysfunction. Brunet et al.”® found no significant correlation when the effect of liver
function tests on MPA concentration and AUC was examined in 15 primary cadaveric liver
transplant recipients.

In another study, by Naesens et al.,” involving 95 kidney transplant recipients, investigators
evaluated the association between single nucleotide polymorphisms (SNP) in the MRP2 gene
and MPA PK parameters. In patients not carrying the MRP2 C-24T SNP gene, the investigators
found a marked difference in MPA exposure between patients with and without liver
dysfunction. Patients with mild liver disease had significantly lower MPA dose corrected
predose concentrations, a lower dose corrected MPA AUC,. ,, and higher calculated MPA
clearance.

Question 4. Summary

Based on the current evidence available, some of the six components of this question appear
to influence MPA PK parameters. However, none of the included studies investigated whether
PK parameter levels, stratified by each component, were associated with outcomes such as
rejection or adverse events. Regarding age, the evidence was equivocal. In pediatric
populations, younger children were found to require a higher MMF dose to achieve a specified
MPA concentration. Regarding gender, the evidence appears to indicate that PK parameters are
higher for females versus males. Race and ethnicity do not appear to influence MPA PK
parameters. Calcineurin inhibitors are co-administered frequently with MMF and the bulk of the
evidence found that exposure to MPA is higher in patients receiving tacrolimus compared to
cyclosporine, with lower doses of MMF required in combination with tacrolimus to achieve
adequate MPA exposure. Total MPA PK parameters were generally higher in persons with renal
insufficiency, although one study found lowered MPA AUC in the early post transplant period.

Question 5. What is the Short- and Long-Term Cost-Effectiveness of
Avoiding Acute Rejection due to MPA Monitoring?

Findings from the abstracted studies. None of the abstracted studies contained any data on
the cost-effectiveness associated with MPA monitoring. There is no evidence in the literature on
the cost-effectiveness of MPA monitoring.

Quality Assessment of Abstracted Studies
Twelve of the 89 abstracted studies were RCTs'*1%23:282934.305L65.68.78 oy 4 the remainder
were observational studies (primarily case series). The quality of the RCTs was fair to good.
Eleven studies contained baseline comparisons of treatment groups (three had minor differences
on one or two variables), 11 used ITT analyses, eight clearly reported the methods used to
measure MPA, and 10 had clear definitions of outcomes related to measuring MPA. Conversely,
reporting of some essential features of trial design was lacking. The method of randomization
was described in five studies and the means of treatment allocation was described in two studies.
The authors of three studies reported that subjects and persons assigned to measure MPA were
blinded; four studies contained reports of blinding amongst outcome assessors. One of the
RCTs'? contained reports of differential losses to followup. Although it appears from the
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published reports that there were no losses to followup in the other reports, the authors did not
specifically state whether any such losses occurred.

Compared to the RCTs, the 77 observational studies suffered from numerous reporting
problems. Virtually all of the studies lacked reports of blinding among subjects (n=73), persons
measuring MPA (n=74), and outcomes assessors (n=75). Differential losses to followup were
not reported in 61 studies. The authors of only 29 studies made an attempt to control for
confounding. Some aspects of reporting were good, though, as the authors of most of the
observational studies described the methods used to measure MPA (n=68) and clearly defined
their outcomes (n=69).

The most troublesome aspects of study quality were the failure to report blinding in a
majority of the studies and the failure to control for confounding in most of the observational
studies. For blinding, it is often debatable whether the issue reflects poor study quality or poor
reporting. For confounding, the very nature of observational studies suggests that the influence
of ‘third party’ variables should be considered in the design or analysis stage. To do otherwise is
a serious omission.
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Table 1. Studies showing that rejection is related to MMF dosage

Study

Population

Treatment

Major Findings/ Comments

Satoh™ 2005

Study design: Prospective
Cohort

Length of followup: 28 days

Organ transplanted:
Kidney (Renal)

Age: Mean
AZA: 37.9 +/- 11.5y
MMF: 44.3 +/- 11.6y

Dose: 1.0 — 2.0 g/day

Concomitant medications:
Tacrolimus
Methylprednisolone
Prednisone

MMF dose per bodyweight was lower in patients with AR
than those without AR (25.1 vs. 35.6 mg/kg, p=0.026) but
there was no significant difference in MPA AUCy.12 in
patients with AR compared to those without AR (32.2 vs.

59.5 pg-h/L, p=0.081)

Satoh™ 2006

Study design: Case series

Organ transplanted:
Kidney (Renal)

Dose: 2 g/day

Concomitant medications:

Age: Mean Tacrolimus

Length of followup: NR 41.2 +/- 2.1y Methylprednisolone
Range Corticosteroids
21 — 66y

Single dose/bodyweight in patients with and without AR
were 12.46 and 16.99 mg/kg, respectively (p=0.024)

Takahashi®® 1995

Study design:
Non randomized controlled trial

Length of followup: 12 weeks

Organ: Kidney

Age: Inclusion requirement
>16y

1000 mg/d: Mean 37.7 £ 6.3y
2000 mg/d: Mean 385+ 12.2y
3000 mg/d: Mean 41.0 £ 10.3 y

Dose: 1000, 2000, or 3000
mg/day

Concomitant medications:
Cyclosporine
Steroids (no description)

The following percentages of patients did not experience
rejection episodes in the 1000 mg, 2000 mg, and 3000
mg MMF dose groups: 25.0%, 55.6%, and 80.0%,
respectively (p values not given)

Abbreviations: AR=Acute rejection, AUC=Area-under-the-concentration-time curve, AZA=Azathioprine, MMF=Mycophenolate Mofetil, MPA=Mycophenolic Acid, NR=Not

reported, y=Years
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Table 2. Studies showing that rejection is not related to MMF dosage

Study

Population

Treatment

Major Findings/ Comments

Barbari>® 2005

Study design:
Case control

Organ transplanted:

Kidney (Renal)

Age: Mean 39y
Range 20 — 67y

Dose: 1 g BID
range 1 - 2.5 g/day

Concomitant medications:
Cyclosporine

There was a poor association between clinical events (primarily rejection, but also
lymphocyte counts [an indicator of immune responsiveness]) and MMF dosage or
MPA predose concentrations (r=0.0803).

Length of Prednisone
followup: NR
Hale™ Organ transplanted: Dose: L: 0.45 g BID then Univariate logistic regression p values between biopsy-proven rejection vs. MPA
1998 Kidney (Renal) adj I: 0.95 g BID then AUCq.12, MPA Cpax, MPA CO, and MMF dose were: < 0.0001, 0.0008, 0.0049, and
adjusted H: 1.7 g BID then 0.0918, respectively (i.e., not significant for MMF dose). In bivariate logistic
Study design: Age: Inclusion adjusted regression analysis, MPA AUC remains statistically significant, but MPA Cpax, MPA
RCT requirement > 18 y C0, and MMF dose are all not significant.
Range: Concomitant medications:
Length of L:47.8 +/- 115y, Cyclosporine
followup: 20 I: 46.9 +/- 13.8y, Corticosteroids
weeks H: 50.6 +/- 10.5y

Hazzan®® 2005

Study design:
RCT

Length of
followup: 1 year

Organ transplanted:

Kidney (Renal)

Age: Mean
CsA 425 +/-12.1y
MMF 45.1 +/- 11.2y

Dose: CsA group MMF
dose = 1.93 +/- 0.2 g/day
then withdrawn to 0, MMF
group MMF dose = 1.99 +/-
0.1 g/day

Concomitant medications:
Cyclosporine

No significant difference was observed in MMF dose between patients with AR and
those without (2.0 vs. 1.9 g/day).

Kuypers™® 2004

Study design:
Case series

Length of
followup: 12
months

Organ transplanted:

Kidney (Renal)

Age: Median 51.5y

Dose: 0.5gBID or1 g BID

Concomitant medications:
Tacrolimus
Methylprednisolone
Daclizumab

Same study subjects as Kuypers™
MMF dose was not significantly different in patients with acute rejection compared

with those without (17.6 mg-kg™*day™ vs. 20.9 mg-kg-day, p=0.16).

Abbreviations: ADJ=Adjusted, AR=Acute rejection, AUC=Area-under-the-concentration-time curve, BID=Twice Daily, Cy=Predose Trough Serum or Plasma Concentration,
Chax=Maximum Serum or Plasma Concentration, CsA=Cyclosporin A, H=High, [=Intermediate, L=Low, MMF= Mycophenolate Mofetil , MPA=Mycophenolic Acid, NR=Not
Reported, RCT=Randomized Controlled Trial, y=Years
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Table 2. Studies showing that rejection is not related to MMF dosage (continued)

Study design: Prospective Cohort

Length of followup: 12 months

Age: Median 51.5y

Concomitant medications:
Cyclosporine

Tacrolimus

Methylpredisolone

31 patients received daclizumab

Study Population Treatment Major Findings/ Comments
Kuypers> 2003 Organ transplanted: Dose: 1 g/day or 2 g/day Same study subjects as Kuyp_ers36
Kidney (Renal) The percentage of patients with

biopsy-proven acute rejection did not
differ between the 1- and 2-g MMF
groups. One-year patient and graft
survival also was not significantly
different between the 1- and 2-g MMF
groups.

Mourad™ 2001
Study design: Case series

Length of followup: 3 months

Organ transplanted:
Kidney (Renal)

Age: Range 32-68y
Median 49y

Dose: 500 mg BID + adjustment for
side effects

Concomitant medications:
Tacrolimus
Corticosteroids

MPA measurements at the time of
acute rejection for 3 patients (5.8%) at
a fixed dose of 500 mg twice daily
were: MPA CO of 1.86, 1.76, and 3.83
mg/L; MPA AUC,.1, of 37.7, 24.9, and
104.9 mg.h/L.

Yamani* 2000
Study design: Retrospective Cohort

Length of followup: 179 +/- 52 days

Organ transplanted: Heart (Cardiac)

Age: Mean
36 +/- 14y

Dose: 2 g/day

Concomitant medications:
Cyclosporine

Tacrolimus

Prednisone

There was no significant difference in
mean MMF dose or mean MMF
predose concentrations between
samples with and without rejection at
any time post transplant.
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Table 3. Studies showing that adverse events are related to MMF dosage

Study

Population

Treatment

Major Findings/ Comments

Bilbao®™ 2006

Study design: Case
series

Length of followup:
mean 39 + 20
months; range 3 to
72 months

Organ transplanted:
Liver

Age: Mean 59 + 6y

Dose: Initial dose of 500 mg/12h;
reaching dose of 1 g each 12h for 2
weeks.

Concomitant medications:
Cyclosporine (Neoral)
Tacrolimus

Dose adjustments were based on tolerability and adverse events and
not on predose concentrations although they “tried to avoid
concentrations over 4 pg/mL”.

Borrows™ 2006

Study design: Case
series

Length of followup:
minimum of 12
months; median 25
months; range 13-38
months

Organ transplanted:
Kidney (Renal)

Age: Mean 46 +/- 9y
Range 37 — 55y

Dose: 750mg — 2g/day

Concomitant medications:
Tacrolimus
Methylprednisolone
Prednisone

Corticosteroids

Ganciclovir (for 3 months)
Co-Trimoxazole (for 6 months)

Isoniazid and Puridoxine (used in indo-

asians and those with previous TB)

Basiliximab or Daclizumab (79 patients)

In multivariate analysis, total daily MMF dose was significantly
associated with anemia and MMF-associated diarrhea (p=0.002 and
0.003, respectively), but not with leucopenia, viral infection or acute
rejection.

Borrows® 2005

Study design: Case
series

Length of followup:
30 months; median
19 months; range 6
— 30 months

Organ transplanted:
Kidney (Renal)

Age: Mean 46 +/- 9y
Range 37-55y

Dose: 250-1500 mg/day corrected for

body weight

Concomitant medications:
Tacrolimus
Methylprednisolone
Prednisone

A higher MMF dose had 