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Questions for the Advisory Committee Members (March 18-19, 2008 CPAC)

Topic 1: Clinical Pharmacogenomics Preliminary Draft Concept Paper

The use of genetic information from study subjects in clinical trials can increase the
safety and efficacy information derived from these trials. The preliminary draft concept
paper for clinical pharmacogenomics clarifies FDA's current thinking about the collection
and use of DNA samples in clinical trials. In particular, the concept paper describes the
use of DNA samples in early stages of new drug development and provides
recommendations for decision making for subsequent trials using data derived from
genetic analysis of study subjects.

1. Does the committee agree with the recommendation to collect DNA samples from all
participants in clinical trials? If not, what barriers, obstacles or issues would have to be
addressed to facilitate routine collection of DNA samples?

2. What comments and/or recommendations does the committee have on the scientific
rationale and thought process embodied in the decision tree in the concept paper?

3. What comments and/or recommendations does the committee have on the design of
clinical pharmacogenetic studies and their proposed impact on subsequent clinical trials?

Topic 2: Quantitative Clinical Pharmacology (Critical Path Initiatives)

Disease Models

Drug disease models are recommended in the FDA critical path document as a potentially
valuable tool to improve the predictability and productivity of the drug development
process. As an example, the NSCLC disease model presented here represents an
exploratory tool under development for the purpose of improving oncology drug
development in the future. Such models are intended to optimize dose selection, improve
the design of clinical trials, and explore associations between biomarkers and clinical
outcomes. The following are the questions for the committee on this topic:

1. What comments or suggestions does the committee have for improving
the mathematical, statistical or clinical concepts in the model?

2. How does the committee envision such a model can be best utilized to improve drug
development?

3. Does the committee have any general recommendations for further
exploratory research into drug disease models?



Designing Pediatric Trials

About 50% of pediatric effectiveness trials lead to uninterpretable results. The
availability of patient demographic, disease progression, placebo effects, drop-out and
drug effect data from previous adult and pediatric trials for the same molecule and/or
similar molecules provide a rich database. This information can be leveraged to develop
drug/disease models that can be applied to design more efficient and informative
pediatric drug development programs. The latest pediatric legislation and the potential
benefit of employing modeling/simulation methods during development of protocols for
written requests will be presented along with a case study. The following are the
questions for the committee on this topic:

1. Do you think that such an approach will render pediatric trials more informative with
respect to better dosing and study designs given the difficulties in conducting pediatric
clinical trials?

2. Given limited resources, please advice us on how to prioritize pediatrics programs for
applying model-based trial design?

3. Do you have any suggestions on how to improve the approach with respect to closing
our knowledge gaps in pediatric pharmacotherapy?

Topic 3- Concept Paper on PK Studies in Patients with Renal Impairment

The safety and efficacy of a drug generally are established for a particular dosage
regimen (or range of dosage regimens) in late phase clinical trials involving relatively
typical representatives from the target patient population, which frequently excluded
individuals with significantly impaired renal function. The preliminary concept paper
updates the previously published guidance in 1998 (The Guidance for Industry:
Pharmacokinetics in Patients with Impaired Renal Function - Study Design, Data
Analysis and Impact on Dosing and Labeling”,
http://www.fda.gov/cder/guidance/1449fnl.pdf, May 1998) and highlights major
changes with regard to when and what PK studies should be conducted in patients with
renal impairment.

1. Does the committee agree that renal impairment can affect metabolism or
transport of drugs that are substrates of metabolizing enzymes and transporters?

2. Does the committee agree with the recommended methods of determining renal
function and the proposed stratification of patients based on renal function?


http://www.fda.gov/cder/guidance/1449fnl.pdf

3. What comments or recommendations does the committee have on applying the
following decision tree (Figure 1) to the determination of when a renal
impairment study is needed for an investigational drug?

4. What studies in hemodialysis patients does the committee recommend for drugs
intended for chronic administration?

Figure 1. Decision tree to determine when a renal impairment study is

recommended

Investigational Drug!

sc and likely to be administered
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Chronically administered oral, iv,

I
| Route of elimination |

Single-dose use
Volatile Inhalation
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| No study required
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A 4 ¢

Reduced PK study

v

(in hemodialysis patients)?

| Negative | | Positive* |

\ 4

Full PK study®

| Dose adjustment |

| No dose adjustment

|

Label

Metabolites (active/toxic) follow the same decision tree.
The sponsor has the option of conducting a reduced study in patients undergoing hemodialysis (HD) between dialysis or a full

study.

To be conducted between dialysis (to be initiated and completed within 24 hours prior to scheduled dialysis)

The magnitude of PK change based on the reduced PK study, risk-benefit (exposure-response) relationships, and the target
patient populations may warrant a follow-up full PK study.
To include both “between dialysis” (within 24 hours prior to the scheduled dialysis) and “during dialysis” (if there is low volume of
distribution of the NME and high dialytic clearance)
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Quantitative Clinical Pharmacology: Critical Path
Opportunities

Executive Summary

The cost of developing a new drug is more than $800 million and typically takes
well over a decade. The clinical trial failure rate in late stage development is
unacceptably high at around 50% and the public has been surprised by the
recent number of drugs previously regarded as safe, but which have been found
to cause unacceptable toxicity once on the market. The FDA has publicly stated
its desire to participate in improving drug development productivity and quality in
providing safe and effective medicines to American patients. One of the major
criticisms against drug development is its negligence to leverage prior knowledge
to drive drug development decisions such as trial design and analysis. The value
of quantitative thinking in drug development and regulatory review is increasingly
being appreciated [Bhattaram et al, AAPS J, 2005; Bhattaram et al, CPT, 2007,
Wang et al, JCP, 2008]. Modeling and simulation of data pertaining to
pharmacokinetic, pharmacodynamic and disease progression is often referred to
as the pharmacometrics analyses. Extracting prior knowledge within the FDA on
disease change or placebo effect was required to solve some of these case
problems. Sponsors also valued this information that was not proprietary. This
led to the idea that developing a mechanism to share disease, placebo and
dropout models would be a valuable service for FDA to offer the scientific
community to improve drug and regulatory development decisions.

This session will entail two topics focused on leveraging prior quantitative
knowledge: a) Disease Models and b) Designing pediatric trials.

Disease Models

Disease models for the purpose of this discussion are defined as the collection of
sub-models that describe the distribution of exclusion/inclusion criteria (e.g.:
baseline disease severity distribution and its relation with other risk factors);
disease progression and its relationship to relevant biomarkers (e.g.: the
contribution of changes in HbA1c to the risk of MI over time); drug effects (e.g.:
concentration-HbAlc relationship) and drop-out model (e.g.: characteristics of
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patients who drop-out). The main objective of this initiative is to advance the
utility and application of models to account for patient, disease, and drug effects
on effectiveness and toxicity targeted to facilitate drug development decisions
(e.g.: molecule screening, dose selection, trial design). Specifically our progress
on the non-small cell lung cancer (NSCLC) model will be presented.

Lung cancer remains the leading cause of cancer-related deaths in the United
States in both men and women. While recent advances in treatment of NSCLC
have been demonstrated with improved outcomes for molecularly targeted
therapies such as erlotinib, there remains a relatively low success rate (5%) for
oncology products in general.

Drug disease models are recommended in the FDA critical path document as a
potentially valuable tool to improve the predictability and productivity of the drug
development process. The NSCLC disease model presented here represents an
exploratory tool under development for the purpose of improving oncology drug
development in the future. The model is intended to optimize dose selection,
improve the design of clinical trials, and explore associations between
biomarkers and clinical outcomes. A detailed report on this disease model is
provided in the subsequent section of this document.

Designing Pediatric Trials

About 50% of pediatric effectiveness trials lead to uninterpretable results. The
availability of patient demographic, disease progression, placebo effects, drop-
out and drug effect data from previous adult and pediatric trials for the same
molecule and/or similar molecules provide a rich database. This information can
be leveraged to develop drug/disease models that can be applied to design more
efficient and informative pediatric drug development programs. The latest
pediatric legislation and the potential benefit of employing modeling/simulation
methods during development of protocols for written requests will be presented
along with a case study. A detailed description of this topic is provided in the
subsequent section of this document



NON-SMALL CELL LUNG CANCER (NSCLC) DISEASE MODEL

INTRODUCTION

The success rate of new molecules in oncology is 5%, lowest compared to other
therapeutic areas. Yet, cancer is one of the leading causes of deaths in US, and
non-small cell lung cancer (NSCLC) being the top cause within cancer deaths.
Given the urgent need for more effective NSCLC treatments and the low yield
drug development, we elected to understand risk factors for death in patients with
non-small cell lung cancer (NSCLC) patients and whether anticancer drug activity
can be characterized more precisely early in clinical development based on
predictive biomarker, such as tumor size. This knowledge might then aid drug
developers to better screen drug molecules, design trials and select doses.

Four registration trials for NSCLC provided nine different regimens that are either
first-line or second-line treatments for locally advanced or metastatic NSCLC.
Various risk factors for survival were screened based on Cox proportional hazard
model. Tumor size dynamic data were described with a disease model that
incorporates both the tumor growth property and the regimen’s anti-tumor activity.
Patient survival times were described with a parametric survival model that
includes various risk factors and tumor size change as predictors. The survival
model was evaluated across nine regimens.

Among 11 potential risk factors for survival, ECOG score and baseline tumor size
were found to be significantly related to survival in almost all regimens. The
disease model describes the longitudinal tumor size data fairly well, especially for
early weeks after treatment initiation. Parametric survival model includes ECOG
score, baseline tumor size and week 8 tumor size change as predictors for
patient survival time. The survival model based on one regimen predicted the
survival outcomes for the other eight regimens reasonably well despite that these
regimens have different mechanism of actions and were studied in different trials.

ECOG score and baseline tumor size are consistent prognostic factors for
survival. The survival model and the tumor dynamic model can be applied to
screen compounds, simulate NSCLC clinical trials and optimize trial designs

1 Methods

The analysis database included four randomized clinical studies of NSCLC
treatment (A, B, C, and D). Together the four trials enrolled and followed a total
of 3398 patients. Trial selection was driven predominantly by availability of
electronic datasets containing tumor size measurements over time, as well as
survival data. Eight active and one placebo treatment arms were tested in these
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studies (A1, A2, B1, B2, B3, C1, C2, D1 and D2). Patients received either first- or
second- line treatments for locally advanced or metastatic NSCLC (Stages IlIA/B
or IV). Following identification of baseline risk factors for NSCLC survival, a
tumor model was developed to describe tumor size change over time under
various treatments. Subsequently a quantitative relationship between tumor size
change and time to death (survival model) was developed. All data were used to
screen baseline risk factors. Patients without post-baseline tumor size data were
excluded from development of the tumor model. During the development of
survival model, more data were excluded so that a consistent model can be
developed across the nine treatments.

Baseline Risk Factors for Survival

Brundage et al described potential risk factors for advanced NSCLC." Table 1
shows the risk factors considered in our analysis based on the stratification
factors used in the four trials and those identified by Brundage et al. Factors such
as disease stage, weight loss, patient performance status were reported as
important. A Cox regression model (SAS® version 9.1) was used to screen for
consistent significant factors across the nine arms in the four trials. Step wise
selection method was used with inclusion significance at 0.1 and exclusion
significance at 0.05. Risk factors identified by this method were used in the
tumor-survival model to adjust patient baseline heterogeneity so that the results
for the nine arms can be compared.

Table 1.  Potential risk factors for death of of NSCLC patients

0. Factors

Six-month weight loss (< 5% vs. = 5%)

ECOG performance status (0 +1vs2+3o0or0Ovs 1)

Prior surgery (Yes or No)

Prior radiation (Yes or No)

Stage (lll or V)

Best response to prior therapy (complete response [CR]; partial response
[PR]; stable disease [SD]; progressive disease [PD])

Sex (Male or Female)

Age (Continuous)

Baseline tumor size (sum of longest dimensions)

Number of prior chemotherapy treatments

Lactate dehydrogenase (whether higher than ULN or not)

OURWNR|Z

R B © 00~
Ny

Tumor Model

Tumor size from available datasets was recorded as the sum of longest
dimensions. As shown in Table 2, most tumors were measured by computed
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tomography (CT) scan and only a small percentage were measured using plain
radiography, physical exam, or some other methods.

Table 2. Methods (%) for tumor size measurement

Method A B C D

CT Scan 97.9 75.7 93.5 95.5
Physical Exam 1.1 5.2 3.7 2.3
X-Ray 0.8 13 2.5 1.3
Other 0.2 6.1 0.3 0.9

The longitudinal tumor size data were analyzed using nonlinear mixed effect
models (NONMEM® V, Globomax). A model with mixed exponential decay
(shrinkage) and linear growth (progression) components described the time
course of tumor change (Equation 1).

TS, (t) = BASE, -e*®' + PR, -t (Equation 1)

where TSi(t) is the tumor size at time t for i individual, BASE; is the baseline
tumor size, SR; is the exponential tumor shrinkage rate constant and PR; is the
linear tumor progression rate.

Random variability was attributed to two sources: a) between-patient variability
and b) residual variability. Every patient was allowed to have unique shrinkage
and progression rates (i.e., between-patient variability) and the population was
assumed to follow a log-normal distribution as illustrated in Equation 2.

BASE, = M _BASE -exp(n,) (Equation 2)

where M_BASE is the population median baseline tumor size and n; is the
difference between the individual and population median baseline values on a
log-scale, which is assumed to follow a normal distribution with mean of zero and
variance of wBASEZ (between patient variability, BPVgasg). The individual SR and
PR parameters were also described using similar equations. An exponential
error model (Equation 3) was used for residual variability (RV)

TSO, (t) =TS, (t) -exp(g;) (Equation 3)

where TSOj(t) is the observed tumor size at time t for i individual, TSi(t) is the
expected tumor size at time t for i individual, and ¢ is the difference between the
observed and expected values on a log-scale. ¢ is assumed to follow a normal
distribution with mean of zero and variance of ¢°.
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The main purpose of the tumor model was to predict (interpolate) tumor sizes
where observations were not available. Therefore, the main model diagnostic
criterion was how well the individual predicted values matched the observed data.
If necessary, a mixture model was used to statistically separate the patient
population into subgroups to have a better individual prediction.

Survival Model

Survival Modeling comprised two steps: a) model building and b) model
evaluation. To build a relationship between tumor size change and time to death,
the individual tumor size model was used to predict tumor size change at some
early time points, e.g. 4, 6 and 8 weeks. Predicted tumor size changes were used
to develop a tumor-survival model, taking the identified baseline patient risk
factors into consideration. The main purpose of the current research is to
establish a quantitative link between risk factors including tumor size and survival
for designing future trials. Hence, a parametric survival model was used to relate
risk factors and tumor size change to time to death. Several widely used survival
functions including exponential, log-normal, Weibull, and gamma were tested.
Likelihood ratio tests and diagnostic plots were applied for selection of an
appropriate survival function. This model was fitted to each treatment arm
separately. SAS® version 9.1 was used for this analysis.

Evaluation of the tumor-survival model involved two steps: a) quantifying
uncertainty in the relationship and b) quantifying prediction quality of the
relationship. Uncertainty in the estimated tumor-survival model was estimated by
randomly sampling 1000 bootstrap datasets from A1 data with replacement.
Each replicate of A1 arm data provided one set of tumor-survival model
parameter estimates. Median survival curves and 95% confidence intervals (Cl)
were constructed across the 1000 replicates.

The tumor-survival relationship built employing each of the 1000 replicates of the
A1 arm data was used to predict the survival time for each of the patients
receiving the other eight treatments. The net result was that each patient
receiving the other eight treatments will have 1000 predictions. The predicted
survival curves (median and 95% CI across the 1000 replicates) were compared
to the observed survival curves (mean and 95% CI).

Parameters for the tumor-survival model were estimated for each treatment.
Final parameters were updated with a pooled analysis across the nine treatments.



2 Results

Dataset

All data were used for screening significant baseline risk factors. However, during
development of tumor and survival models, three levels of data exclusion were
applied, as described in Table 3. Overall, 20-33% data were excluded for trials A,
B and D, while 50% were excluded for trial C. Distributions of baseline tumor size,
ECOG status, percentage of censored patients, and median survival times are
listed in Table 4 (included data) and Table 5 (excluded data). Since the median
survival times for those excluded patients are consistently shorter than those
included patients even if ECOG status and baseline tumor size are comparable,
the excluded patients represent a poorly responding population in terms of
survival time. Therefore, clinical trial simulation should include these excluded
patients as a different population in addition to the included patients.

Table 3. Reasons for three levels of exclusion

Reason Percent

Lack of post-baseline tumor data 20% - 30%

No ECOG 2/3 patients in trials A and B 7% - 20% (trials C and D only)

Patients with survival time shorter than 8 | 0.2% - 4%
weeks

Table 4.  The Distribution of log-transformed baseline tumor size (cm, Mean and
SD), percentage censored, and median survival time (day) stratified by ECOG in
each treatment group (included for final survival model)

Treatment | ECOG | N |Percent| Mean | SD | Censor% | MedianT(day)
Al 0 134 40 2.04 0.66 29 510
1 201 60 1.91 0.72 17 360
A2 0 144 43 1.81 0.68 23 420
1 191 57 1.92 0.72 17 330
B1 0 192 64 2.01 0.58 28 380
1 110 36 2.02 0.68 25 310
B2 0 163 57 1.93 0.62 29 350
1 122 43 2.16 0.66 19 300
B3 0 166 59 1.95 0.56 31 430
1 115 41 2.02 0.6 10 270
C1 0 26 22 1.78 0.7 35 370
1 90 78 1.95 0.64 18 210
C2 0 45 20 1.82 0.62 40 490
1 176 80 1.95 0.66 27 280




D1 0 38 20 1.69 0.64 53 440
1 154 80 1.93 0.64 34 280
D2 0 47 24 1.55 0.58 49 390
1 152 76 1.95 0.62 26 280
Table 5. The Distribution of log-transformed baseline tumor size (cm, Mean and

SD), percentage censored, and median survival time (day) stratified by ECOG in
each treatment group (excluded for final survival model)

Treatment | ECOG N | Percent | Mean | SD | Censor% | MedianT(day)

Al 0 37 37 2.16 | 0.84 35 360
1 59 60 1.9 0.72 17 200

unknown | 3 3 2.8 - 67 -
A2 0 31 28 2.16 0.64 26 360
1 77 71 211 | 0.74 10 120
unknown | 1 1 - - 0 240
Bl 0 44 42 1.87 | 0.58 27 360
1 62 58 1.97 | 0.86 13 190
B2 0 73 60 2.32 0.58 19 250
1 48 40 2.31 0.4 6 100
B3 0 69 56 1.99 0.68 16 190
1 54 44 1.84 | 0.66 13 170
C1 0 8 6 2.19 | 0.46 25 300
1 42 33 213 0.82 5 100
2 56 44 1.99 | 0.52 9 100
3 21 17 2.37 0.62 0 100

c2 0 19 7 1.25 - 58 -
1 80 30 1.96 0.86 18 90
2 126 47 211 | 0.64 14 130

3 42 16 222 | 0.74 2 60
D1 0 10 10 1.53 0.36 10 200
1 38 40 2.31 0.56 8 60

2 34 35 2.12 0.68 3 70

unknown | 14 15 1.88 0.78 50 80
D2 0 5 6 2.26 | 0.88 40 280
1 30 36 2.02 0.76 23 100
2 30 36 2.01 | 0.72 3 110

unknown | 19 23 2.4 21 70




Baseline Risk Factors for Survival

Among the eleven potential risk factors, ECOG performance score and baseline
tumor size were found to be consistent significant predictors for time to death
across the nine treatments in the four trials (Table 6). These two risk factors were
retained for the tumor-survival model development. Although LDH was found
significant in all treatments when LDH data were available, LDH was not selected
because trials C and D did not have LDH information. This finding, however,
suggests that LDH should be collected in future trials and it may serve as a
stratification factor.

Table 6.  Significance of risk factors (e: significant; °not significant)

Factors Al A2 B1 B2 B3 Cl1 C2 D1 D2
ECOG [ [ ] [ ] [ ] [ ] [ J [ ] [ ] [ J
Baseline tumor size ° ° ° ° ° ° o ° °
LDH [ ] [ ] [ ] [ ] [ ]

Weight loss ° e ° ° .

SeX ° ° o o o o o o o
Prior radiation ° ° ° © ° ° ° o
Prior surgery ° e ° ° °© o o o
Stage o o o o o o o o o
Age [e] [e] [e] [e] [e] [e] [e] [e] o
Number of Prior chemotherapy ° ° o o
treatments

Best response to prior therapy ° ° o °

Tumor Model

The mixed exponential decay (‘shrinkage’) and linear growth (‘progression’)
model fitted the tumor size data fairly well for all nine treatments (Figure 1). The
observations are uniformly and closely distributed around the line of identity. The
line of identity represents the perfect model. Figure 2 shows the flexibility of this
model to describe various types of individual profiles. Nonetheless the population
mean profile suggests the average tumor dynamics shows an initial tumor
shrinkage followed by tumor progression. Table 7 and Table 8 list the parameter
estimates and their estimation precision. Two distinct sub-populations, based on
the rate of tumor shrinkage, for trial C data were identified during model
diagnosis. It is estimated that the proportion of patients with fast shrinkage rate is
12% for C1 and 20% for C2. The other patients in trial C had slower shrinkage
rates.



Figure 1. Diagnostic plots for tumor size model for each of the treatment arms. The
symbols represent the observed individual tumor size measurements and the solid line
represents the line of identity
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Figure 2. The time-course of tumor change for representative individual patients. The
symbols represent the observed tumor sizes, the solid line represents the overall
population mean tumor size and the broken line represents the individual predicted
tumor size
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Table 7. Parameter estimates and their precisions (SE) for the tumor progression

model for Trials A, B and D (between and within patient variability is expressed as
a percentage)

Treatment M_BASE M_SR M_PR ®BASE  OsR WpR c

(cm) (1/week) (cm/week)

Al 9.1 0.06 0.13 5% 73% 110% 15%
(0.33) (0.004) (0.02) (0.04) (0.11) (0.39) (0.01)

A2 8 0.038 0.14 63% 98% 74% 16%
(0.3) (0.01) (0.04) (0.06) (0.47) (0.18) (0.03)

Bl 8.7 0.052 0.16 57%  74% 74% 20%
(0.31) (0.01) (0.02) (0.07) (0.17) (0.14) (0.02)

B2 9.2 0.047 0.16 64% T7% 67% 18%
(0.38) (0.00%5) (0.02) (0.09) (0.19) (0.12) (0.02)

B3 8.5 0.063 0.17 50% 75% 92% 16%
(0.28) (0.01) (0.02) (0.04) (0.18) (0.34) (0.02)

D1 8.5 0.033 0.13 77% 190% 14% 26%
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(0.82)  (0.01) (0.02)  (0.23) (1.79) (1.02) (0.06)
D2 7.4 0.023 0.25 70% 270% 49%  14%
(0.47)  (0.01) (0.05)  (0.11) (1.46) (0.18) (0.02)

Table 8. Parameter estimates and their precisions (SE) for the tumor progression
model for Trial C(between and within patient variability is expressed as a
percentage)
Treatment | M_BASE M_SR M_SR Proportion M PR MBASE | Osr OpR c
(cm) (slow) (fast) of patients | (cm/week)
(L/week) | (1/week) | with fast SR
C1 8.6 0.0047 0.13 0.12 0.2 66% | 430% | 60% 9%
(0.44) (0.001) (0.004) (0.03) (0.02) (0.08) | (1.63) | (0.56) | (0.02)
C2 8.4 0.0045 0.11 0.2 0.058 67% | 280% | 80% | 15%
(0.32) (0.001) (0.05) (0.02) (0.02) (0.09) | (0.53) | (0.34) | (0.02)

Survival model

Baseline tumor size (centered at 8.5 cm), ECOG status (0/1) and percent tumor
reduction from baseline at week 8 (PTR.«xs) were found to be the best predictors
for time to death (T) as in Equation 4.

log(T) =, +a, - ECOG +a, - (Baseline —-8.5) + a, - PTR,, s + & (Equation 4)

where T is the time to death (day), ao is the intercept, a4.3 are the slopes for
ECOG, centered baseline and tumor size percentage reduction from baseline at
week 8, and ¢ is the residual variability following a normal distribution with mean
of zero and variance of 2.

Log-normal distribution was selected for the tumor-survival model based on
likelihood ratio tests (Table 9). And diagnostic plots (Figure 3) also support the
log-normal distribution. The model developed based on A1 arm data was used to
predict the survival curves for the other 8 treatments. The predicted survival
curves (mean and 95% CI of 1000 replicates) match the observed survival
curves and their 95% CI reasonably well (Figure 3). This observation is notable
given that the treatments studied have different mechanisms of action and were
studied in different trials. Parameter estimates and their estimation precision are
listed in Table 10. An exploratory pooled analysis of all the 4 trials showed that
first-line and second-line treatments had significantly different slopes for tumor
size percentage change at week 8 and marginally different slopes for ECOG and
intercept (Table 11).
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Table 9. -2loglikelihood for each group under various distributions (Exponential is
nested within Weibull (df=1), Weibull is nested within Gamma (df=1), and log-
normal is nested within Gamma (df=1))

| Distribution | A1 | A2 [ B1 | B2 | B3 [ c1 | c2 | D1 | D2 |

Exponential 807.3 8216 7263 6732 6472 2734 5362 4075 427.2

Weibull 728.2* 750.9* 664.6* 596.3* 543.6* 241.5* 502.8* 349.4* 346.1*

Gamma 697.2* 715.8* 636.4* 562.8* 532.9* 233.8* 479.3* 344.3* 337.1*

Log-normal 697.6 717.2 6375 5648 535 2339 4822 3443 33741

*: Reduction in -2loglikelihood is >3.8, corresponding to p<0.05 for chi-square

test with degree of freedom (df) of 1. The significance for Gamma is relative to

Weibull. Relative to log-normal, Gamma is not significant for any group.

Therefore, log-normal was selected.

Figure 3. Predicted survival curves versus observed survival curves. The blue solide
line and yellow shaded area represent the predicted survival curve and its 95% CI and
the red solid and dashed lines represent the observed survival curve and its 95% CI.
(model for prediction was developed based on Al alone)
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Table 10. Parameter estimates and the precision (SE) for tumor-survival model

Treatments
Parameter Al A2 B1 B2 B3 Ci 09 D1 D2
ol 5.9 5.8 5.6 5.6 5.8 6 5.9 6 5.9
(0.093) (0.071) (0.072) (0.067) (0.067) (0.15) (0.13)  (0.13)  (0.11)
o1 -0.31 -0.2 -0.18 -0.092 -0.37 -0.52 -0.26 -0.43 -0.34
(0.084) (0.084) (0.092) (0.085) (0.082) (0.16) (0.14) (0.14)  (0.12)
o -0.029 -0.028 -0.03 -0.022 -0.037 -0.047 -0.035 -0.02 -0.035
(0.0073) (0.0079) (0.0092) (0.007) (0.009) (0.012) (0.01) (0.0084) (0.0097)
o3 0.94 0.8 14 1.3 0.96 0.48 0.58 0.25 0.53
(0.21) (0.17) (0.2) (0.19) (0.15) (0.2)  (0.23) (0.1) (0.14)
o 0.72 0.74 0.74 0.67 0.65 0.69 0.8 0.68 0.6



(0.033)  (0.033) (0.038) (0.034) (0.032) (0.053) (0.048) (0.046) (0.038)

Table 11. Parameter estimates and the precision (SE) for pooled analysis

Parameter First-line Second-line
oo 57 5.8
(0.033) (0.052)
ol -0.22 -0.33
(0.039) (0.039)
o2 -0.030 -0.036
(0.0036) (0.0046)
o3 1.1 0.39
(0.081) (0.062)
c 0.74 0.79
(0.016) (0.022)

Since certain fractions of data were excluded during the survival model
development, efforts were made to develop separate survival models for the
excluded data based on only baseline risk factors. Due to the smaller sample
size within each treatment, baseline tumor size and ECOG status could not be
simultaneously identified as significant predictors for survival time across all nine
treatments. Therefore, a simplified survival model (Equation 5) was fitted to each
ECOG level within each treatment.

log(T) = a, + ¢ (Equation 5)
The parameter estimates are presented in Table 12. The larger residual
variability (o) is partially due to the lack of any predictors in the model.

Table 12. Parameter estimates and the precision (SE) for excluded data

Olo o
Treatment ECOGO0 ECOG1 ECOG2 ECOG3 ECOGO ECOG1 ECOG2 ECOG3
Al 5.8 5.2 - - 1.8 1.6 - -
(0.33)  (0.21) - - (0.28)  (0.17) - -
A2 5.7 4.9 - - 1.6 1.2 - -
(0.3)  (0.13) - - (0.24)  (0.1) - -
Bl 5.7 5 - - 1.4 1.4 - -
(0.22)  (0.18) - - (0.18)  (0.14) - -
B2 5.3 4.4 - - 1.3 1.3 - -
(0.16)  (0.18) - - (0.13)  (0.13) - -
B3 5.1 5 - - 1.2 1.5 - -
(0.15)  (0.2) - - (0.12)  (0.16) - -
C1l 54 4.6 4.6 4.2 1.4 1 1.1 0.8
(0.53)  (0.16)  (0.15)  (0.17)  (0.43)  (0.11)  (0.11)  (0.12)
C2 6.4 4.7 4.9 4.2 1.5 1.4 1.3 1.2
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(0.47)  (0.16)  (0.12)  (0.19)  (0.43)  (0.13)  (0.09)  (0.14)

D1 5.3 4.4 4.2 - 0.7 1 1 -
(021)  (0.17)  (0.16) - (0.16)  (0.12)  (0.12) -
D2 5.4 4.7 4.7 - 1.1 1.1 0.7 -
(0.57)  (0.22)  (0.13) - (0.51)  (0.17)  (0.1) -

3 Discussion

Two earlier reports from the FDA describe the regulatory basis and experience in
using tumor change based endpoints for accelerated approvals.? ® In contrast,
the focus of the current scientific research is to understand the time course of
tumor progression and relate that to the probability of survival. The ultimate goal
of our research is to provide a tool for rendering oncologic drug development
more efficient. Specifically, by quantifying the various aspects of patient risk
factors and tumor growth, we have developed models that can be incorporated
into clinical trial simulations to aid early drug development decisions such as
molecule screening, mortality trial design and dose selection.

Three sub-models are required for these simulations. First, the distributions of
the key baseline risk factors are required to simulate the patient population.
Second, the time course of the tumor shrinkage/progression is needed to
quantify the effects of therapy on tumor size. Third, the relationship between the
tumor size and time to death should be known to allow the impact of therapy on
patient survival to be predicted. These models should ultimately allow clinical
trial simulation for survival trials.

In agreement with the publication by Brundage, et al., we found that ECOG
performance status is by itself an important risk factor in NSCLC patients. Our
analysis further provides a quantitative model to recreate an ECOG status
distribution for simulating future trial populations.

Previously Mery et al * and Port et al ° reported the hazard ratios for overall
survival reflecting the relationship between the tumor size category (1-1.9 cm, 2-
2.9 cm, 3-3.9 cm, 4-4.9 cm, 5-6 cm) and time to death in stage 1 or 1A NSCLC
patients. According to Mery et al, the hazard ratio gradually increased from 1.27
to 1.95 with increasing baseline tumor size for these Stage 1 tumor size
categories, respectively, relative to the 1-1.9 cm group in a total of 9191 patients.
Port et al found that the hazard ratio was about 1.5 for the group having tumors
larger than 2 cm compared to those with smaller tumors among 244 Stage 1A
patients. By contrast, Patz et al ® found no correlation between tumor size as a
continuous variable or as a categorical variable and overall survival in 510 Stage
1A NSCLC patients. Black ” subsequently described multiple reasons why the
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findings of Patz, et al might not reflect current understanding of this disease. The
identification of baseline tumor size as a significant predictor for overall survival
in our analysis supports the conclusions of Mery, et al. and Port, et al. even
though patients in our database had more advanced (Stage IIIA/B or IV) NSCLC.
This finding in patients with more advanced cancer strengthens the observed
relationship between baseline tumor size and prognosis for survival. The
distributions of the ECOG status and tumor size at baseline for our database
were described in the current article and can be used to simulate the baseline
disease status for a patient population.

The time course of tumor growth can be described using several different
approaches. The Gompertz model 8 is widely applied and considered as a classic
approach to model tumor growth. Swan's book ® describes numerous
mathematical models involving differential equations that deal with the dynamic,
or time course, variation of cancer. A more recent model by Barbolosi and lliadis
"% incorporated a cell-loss component into Gompertz-type growth equation in
order to quantify the effect of drug exposure on the cell death. These models
were explored. However, most of the data could not be described with stable
models. By contrast, a mixed exponential and linear model was developed to
describe the time course of tumor size. This relatively simple model is much
more stable than other more complicated models for the database we studied.
The exponential tumor shrinkage component characterizes the treatment effect
on tumor shrinkage over time, which will reduce the tumor size asymptotically
towards zero. The rate constant for the shrinkage is restricted to be non-negative.
The linear growth component is an approximation of the tumor’s growth under a
specific treatment. Therefore, the slope for the linear growth is also treatment
dependent in our model. This parameter is also restricted to be non-negative.
Patients with a good response to treatment have large shrinkage rate constants
and small slopes for linear growth, while patients with a poor treatment response
have small shrinkage rate constants and a larger slope for linear growth. Given
the sparse measurements of tumor size in the database and the single dose
regimen in each treatment, this model is flexible enough to describe individual
tumor observations well (Figure 1 and Figure 2). If the relevant information is
available, the tumor size model can be expanded to include dose or drug
exposure effect, which could influence both the shrinkage and linear growth rate
constants. In addition, other more complicated models can be applied to quantify
the tumor size change over time.

Table 7 and Table 8 present the tumor model parameter estimates. Each
treatment arm was modeled separately to obtain the best individual prediction
(Figure 1). For trial C, a mixture model is necessary to separate this population
into two subgroups, one with fast shrinkage (~12-20%) and the other with slow
shrinkage (~80-88%), to achieve the desired individual prediction. Interestingly,
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some treatment effects are on the shrinkage rate (trial A), some on the growth
rate (trial C), and some on both (trial D). Given the lack of different treatment
effects on either shrinkage rate or growth rate in trial B, one can surmise that no
difference would be expected in the survival outcome.

Figure 3 shows the model-predicted and observed proportions of patients
surviving on study for all treatment arms. For treatment A1, the model predicted
and observed surviving proportions are superimposed signifying that a log-
normal survival function is appropriate. The shaded confidence interval for these
predictions is tight. Also shown in Figure 3 is the ability for the survival model
built using A1 data to predict the surviving proportions for all other treatments.
Considering the diversity of treatment regimens and follow-up schedules, the
overall predictions are impressive. The predictions are best (by graphical
inspection) for A2 compared to the other arms, suggesting the model may be
further improved by including more predictors, e.g. additional trial-specific factors
that were missed during initial identification of risk factors.

Among the different times when tumor size was evaluated, week 8 tumor size
change was selected because it was consistently identified as a significant
predictor across all nine treatments. Importantly, it is also still early enough to
serve as an “early” biomarker for survival prediction. The large difference among
the coefficients for percent tumor reduction at 8 weeks for the different
treatments (0.25 to 1.4) was mainly explained by the fact that treatments in trials
A and B were first-line treatments while those in trials C and D were second-line
treatments. The significantly smaller slope for PTR,«s for second-line treatment
indicated that the survival times for patients under second-line treatment were
significantly less sensitive to tumor percentage reduction at week 8 compared to
those under first-line treatment when the reference point is no change of tumor
size at week 8. The marginally larger intercept for second-line treatment
suggests that patients who started second-line treatment with ECOG status of 0
and achieved zero tumor growth by week 8 tend to survive longer than those
patients who started first-line treatment with ECOG status of 0 and achieved zero
tumor growth by week 8. However, the median percentage reduction of tumor
size at week 8 ranged from 15% to 29% for patients under first-line treatments
while it ranged from -14% (tumor size increase) to 12% for patients under
second-line treatments. This observation suggests that achieving a median zero
tumor growth within 8 weeks is not good enough for a first-line treatment.

Even though a Bayesian method can be applied for a meta-analysis to quantify
the between-treatment difference in parameter estimates as random effect after
incorporating the fixed effects we identified, we felt that reporting the parameter
estimates for each treatment would allow the readers to apply non-parametric
sampling method to generate parameter set with the appropriate correlation
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among these parameters maintained. A weighting scheme can be applied based
on the sample size and residual variability in each treatment during sampling.
The number of treatment is not large enough to derive a reliable parametric
distribution for between-treatment variability without any prior information. It is
recommended to use results from trials A and B for first-line treatments and
results form trials C and D for second-line treatments. A full clinical trial
simulation should include both the included and excluded patients. Therefore,
both Equation 4 and Equation 5 should be used to simulate two different patient
populations and the results should be combined to form a full population.

Since survival is an integrated endpoint of a drug’s efficacy and toxicity, an ideal
survival model should also take the drug’s toxicity into account. In fact, the
parameter estimates in Equation 4 and Equation 5 should be influenced by each
treatment’s inherent toxicity even though we only included efficacy related
biomarkers in the model. The influence, however, could be minimal since the
death rate due to toxicity is trivial (0.3% - 3%) compared to the death rate due to
the disease (86% - 94%). It is possible that a drug’'s toxicity may indirectly
influence the efficacy outcome by affecting the patients’ compliance, e.g. a more
toxic treatment may lead to more frequent treatment holidays. However, the net
effect is expected to be captured in the efficacy related biomarker, such as tumor
size. Unless an oncology drug’s toxicity is severe enough to compete with the
disease as a significant factor for death, the influence of drug toxicity on overall
survival may not be so significant relative to the disease itself.

To the best of our knowledge, our work utilizes one of the world’s largest
databases of NSCLC trials to develop a quantitative model of survival benefit
using patient risk factors and tumor size data. We show that tumor percentage
reduction at week 8 can be useful for predicting survival outcome. Therefore, a
scheduled visit at week 8 with CT imaging for tumor size measurements can
provide an early signal for drug effect. Such information can be then utilized to
decide whether to develop that molecule further or not. In addition, if a molecule
is selected for further development, pivotal trial design can be optimized using
clinical trial simulations. Mortality trials in oncology are costly and patients are
challenging to recruit due to availability. Ultilizing this model to test various
scenarios by computer simulation is perhaps the most cost-effective approach to
increasing the trial success rate. Similarly, factors that affect the tumor size such
as dose or dosing regimen can be optimized using tumor size changes.
Optimizing dose or dosing regimen in mortality trials is impractical given the
typical nominal effect size and sample size needs.
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Pediatric Written Requests for Antihypertensive Drugs

Introduction

Pediatric drug research is essential to providing children with safe and effective
therapies, but until about 10 years ago drug studies in children were uncommon.
Several factors contributed to the lack of pediatric studies, but one of the major factors
was the limited financial incentive to do the research. Without pediatric-specific
information, doctors and parents were forced to base their decisions about what drugs
to give children, and what doses to administer, on results from studies in adults.
Differences in the physiology of adults and children can, however, produce significant
differences in the way adults and children respond to therapies.

With the growing realization that pediatric treatment decisions based on adult data could
put the health of children at risk, Congress added section 505A to the Food, Drug, and
Cosmetic Act in 1997, creating a program to encourage drug manufacturers to conduct
studies in children. This program allowed a company to receive a six-month extension
of marketing exclusivities and patent protections for an active ingredient if they
conducted pediatric studies requested by the FDA in a “Written Request.” This incentive
is commonly referred to as “pediatric exclusivity.” The exclusivity program has been
successful and was reauthorized as the Best Pharmaceuticals for Children Act of 2003,
and again under the Food and Drug Administration Amendments Act of 2007. Since the
beginning of the exclusivity program, over 830 studies have been requested in 356
Written Requests for pediatric studies. Over 140 medication labels have been updated
with pediatric use data from these studies.

Several products studied under the exclusivity program were oral antihypertensive
medications that had demonstrated efficacy in clinical trials with adults.
Antihypertensive drug products are managed by the Division of Cardiovascular and
Renal Products (DCaRP), one of 15 review divisions of the Office of New Drugs in
CDER. As of January 2008, DCaRP has authored more than 35 Pediatric Written
Requests, 24 of which were in antihypertensives. Based on analysis of data from
studies of antihypertensive products studied in the pediatric population, the FDA has
had to make adjustments in study design. One of the major changes to the design of
the pediatric antihypertensive studies involved modeling of the exposure-response data
to optimize the study design including dose selection, sample size, and endpoint
selection. A case example illustrating how modeling and simulation was used to design
a pediatric antihypertensive study is described below.

Some aspects of the Pediatric Written Request for an antihypertensive drug have
evolved over time, based partly upon the experience with various programs. The
general features of a modern Written Request include the following:

1. Development of an age-appropriate formulation, the properties of which may
need investigation in adults.
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2. A study to investigate pharmacokinetics in pediatric patients in the same age
range as those investigated for effectiveness, but not necessarily in the same
study or even in the target population. Ideally, such an investigation occurs early
enough to inform dose selection in the effectiveness trial. The power
requirements for the pharmacokinetic study are based upon the advice of the
clinical pharmacologists, usually based upon their experience in other settings.

3. A study to investigate effectiveness. A single study with target [1=0.05 is
considered sufficient, because all of these products have already been approved
in adults, and the nature of hypertension is considered to be close enough in
adults and children so that the adult data are considered supportive. Generally,
the first member of a class of antihypertensive agents will study children age 6 to
16 years, and a subsequent member of a class will be asked to study younger
children'. Sponsors are given a choice of several trial designs, but the most
common choice is a parallel design with several dose arms chosen to produce
exposure in children at least as wide as the range of effective exposures in
adults. Typically, the main part of the study has no placebo group?, in which case
there is a withdrawal phase at the end of the study in which patients are
randomized to remain on their assigned dose or withdrawn to placebo. The
primary end point can be either systolic or diastolic pressure, measured at the
inter-dosing interval (“trough”).

4. Many sponsors are openly more interested in obtaining Pediatric Exclusivity than
they are in marketing their drug for use in pediatric patients. It is, then, perhaps
somewhat surprising that the Written Request does not specify a sample size per
se for the effectiveness study. It does, however, specify a minimally clinically
relevant effect size. The sponsor is expected to use its estimates of variability to
derive a sample size sufficient to detect, with 90% power, the specified effect
size. The protocol also must provide for an interim analysis to look at observed
variability late in the study. This can be done without unblinding and,
consequently, without paying a statistical penalty for the interim analysis. If this
interim analysis shows that the originally projected variability was overly
optimistic, the sample size must be adjusted appropriately. In this way, the
sponsor bears all of the responsibility for designing and conducting a trial
optimized for detecting the effect of interest, and the result is likely to yield
definitive labeling that the drug either is or is not effective in children.

5. A very optimistic sponsor can conduct a study substantially smaller than the
above considerations would require, if they are confident that their product will be
effective. A Written Request “escape clause” allows a sponsor to present to FDA
a technically incomplete study report showing effectiveness and to petition the
Division to amend the Written Request to be compatible with the study they did.
The same process would be followed if the study had to be stopped because of

! After the second member of a class has been issued a Written Request, it is very difficult for a sponsor to develop a
suitable population and end point for a study for which DCaRP will issue a Written Request.

? This has more to do with making parents and investigators comfortable than with any medical rationale. There are
no established clinical benefits associated with treatment of hypertension in children.
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some safety concern. Either of these results is clearly valuable and would lead to
labeling.

6. Because several classes of antihypertensives work less well in adult Blacks than
in Caucasians, the Written Requests usually call for 40 to 60% enrollment in
each, thus optimizing studies for exploring this phenomenon in children.

Exposure-Response Modeling and Simulation to Design Pediatric
Study?®

Clinical trial simulations were conducted to support dosing regimens and trial design, as
well as to estimate sample size for the pediatric study. Data from adult patients for drug
X, placebo data from Corlopam study and experience in developing anti-hypertensive
for immediate blood pressure (BP) control in pediatric population were used. The
simulation experiment allowed us to design a powerful and informative study for
pediatric patients, more specifically, it allowed us to

1. Study the effect on sample size, if the pediatric patients were less responsive
and less sensitive compared to adult patients.

2. Study the impact of missing data and guide the choice of powerful statistical
method for primary analysis.

3. Study the factors affecting the success of a given study

We reviewed clinical trial simulations and study design for drug X submitted by the
sponsor. The objectives were to support dosing regimens and trial design, as well as to
estimate sample size for the pediatric study. The proposed study was aimed to study
the BP lowering effects of drug X administered |.V. in pediatric subjects (age 2-16
years) with asymptomatic stage 2 hypertension. The simulation experiment submitted
by the sponsor was extended to include in-house data and experience in developing
anti-hypertensive for immediate BP control in pediatric population.

Simulation was performed using a population pharmacokinetic (PK) and
pharmacodynamic (PD) model derived using drug X data from adult patients. The
placebo response rate from the PK-PD model appeared to be lower than the observed
rate for Corlopam®, an approved treatment for identical indication. The placebo data for
Corlopam were also included.

The following study design aspects were reevaluated:
dose regimen
trial duration

sample size

o bdh -

primary analysis

3Wang Y et al. Leveraging prior quantitative knowledge to guide drug development decisions and regulatory
science recommendations: impact of FDA pharmacometrics during 2004-2006. J Clin pharmacol. 2008; 48(2):146-
56.

* http://www.fda.gov/cder/foi/label/2004/19922s¢5-005_colopam_Ibl.pdf
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5. follow up trial design
6. sampling scheme

Simulation Experiment
Methods

Data

The simulation was based on population PK and PD models derived using data from a
previous clinical study in adult patients and in-house pediatric placebo data from short
term studies. These models were used to simulate plasma drug X concentrations and
BP effects in children assuming that the PK and PD parameters would be similar in
pediatric and adult populations. Subsequently, an alternate trial design scenarios were
explored, assuming low sensitivity and response in pediatrics compared to that of
adults.

Treatment

A total of five doses including placebo were selected for simulation. These doses were
selected to cover adult dosing recommendations and possibly study higher doses. For
the given indication, it was generally believed that the dose range in pediatrics should
cover 50% of the lowest dose up until two fold of the highest dose in adults. Such dose
selection was especially important, if the pediatric patients were to be less responsive
and less sensitive compared to adult patients.

PK Model
An appropriate PK model implementing weight normalized parameters was used.

Placebo Model

The placebo model used by the sponsor assumed no systematic placebo effect over
time, which could be reasonable. The placebo effect was handled via the residual error.
However, in-house data from similar studies suggest that the mean placebo effect was
variable over time and the response rate on placebo was higher than predicted by the
model. Therefore, placebo data were simulated assuming a multivariate normal
distribution to maintain correlation among observations.

PD Model

The PD model submitted by the sponsor was used to simulate effect of drug X on
systolic BP (SBP) and diastolic BP (DBP). The final model assumed an Enax relationship
between response and plasma drug X concentration. The residual variability reported
with the original model was ignored as for the most part the placebo model accounts the
residual variability. However, the current approach ignored contribution of model
misspecification. Also, the Enax estimates were lowered (empirically) by 3% to
accommodate placebo effect as the PD model development did not include placebo
data.
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Dropout Model

Dropout rates were approximated as the fraction of patients experiencing a 225%
reduction of DBP rather than a 225% reduction of either SBP or DBP, because DBP
percent reductions were greater on average than SBP percent reductions, and the
correlation between DBP and SBP was not modeled. Thus the dropout rate was slightly
underestimated, but would be substantially overestimated if both DBP and SBP were
used.

Simulation Scenarios

The study design was a randomized, placebo-controlled, parallel group, dose-ranging
study of drug X. For each of the five dose groups, five sample size levels per group
were simulated (10, 20, 30, 40, 50 subjects per group). The simulation method was
Monte Carlo (using random draws). The PK data were simulated in Pharsight Trial
Simulator Version 2.2 using the weight-normalized PK model. Different scenarios (Table
1) governing PK-PD relationship in the pediatric population were simulated in S-Plus
Version 7.0.

Table 1: List of scenarios

Scenarios
Pediatrics EQ Adults® (Base design)
Pediatrics NE Adults (Emax 0.75x : ECsp 1.5x)
Pediatrics NE Adults (Emax 0.5x : ECsg 2x)
Pediatrics NE Adults (Null data)

or each scenario a total of 300 trials were simulated. NE=Not equal to

mMPIOIN|—~

Data Analysis
Data were analyzed by the following methods to assess power and type-1 error.

Method® Null hypothesis

Slope of dose response curve () B =0

Analysis of variance (pooled treatment data) pooled treatment : 30 = Mplacebo : 30

Proportions test” (pooled treatment data) Proppooled treatment : 30 = Proppiacebo :
30

Mixed model repeated measures Utreatment : 30 = Mplacebo : 30

B is a slope of linear regression, u represents mean of the response variable (SBP), Prop represents the
proportion of responders (as defined). The subscript represents the treatment identifier and the number
represents the time in minutes at which the comparison is made.

In addition to above, sequential testing from the highest dose to lowest dose using
analysis of variance (ANOVA) and simultaneous testing of all doses by the Dunnett’s
method using ANOVA were also evaluated. However, these methods did not perform
better than the mixed model repeated measures in terms of power.

Slope of dose response curve (Dose response)

° EQ means ‘equal to’ and NE means ‘not equal to’
® Missing data imputation- last observation carried forward (LOCF)
" Criteria: subjects in each active dose group who achieve >10% reduction in SBP from baseline
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The primary endpoint for this test was significant dose-response (differs from zero at
a=0.05) at the end of double blind phase (ITT evaluation). A linear regression line was
fitted to % change from baseline in SBP as a dependent variable and dose as an
independent variable at 30 minute. The missing data were imputed using LOCF.

Analysis of variance on pooled treatment data (Pooled)

The primary endpoint for this test was % change from baseline in SBP at the end of
double blind phase (ITT evaluation) on pooled treatment compared to that of on placebo
(=0.05). The missing data were imputed using LOCF.

Proportions test on pooled treatment data (Chisq)

The primary endpoint for this test was proportion of subjects who experience reduction
in SBP of at least 10% from baseline at the end of double blind phase on pooled
treatment compared to that of on placebo (ITT evaluation) («=0.05). A chi-square test
for proportions was used. The missing data were imputed using LOCF.

Mixed Model Repeated Measures (MMRM)

The primary endpoint for this test was % change from baseline in SBP at the end of
double blind phase (ITT evaluation) on all treatments compared to that of placebo
(2=0.05). The MMRM analysis was implemented via PROC MIXED in SAS 9.1 by fitting
all the data collected during the double blind phase (no imputation). The model was
fitted to % change from baseline in SBP as a dependent variable and treatment, time
and treatment-by-time interaction. A treatment-by-time contrast was constructed to
estimate difference between treatments in mean % change from baseline as an
endpoint. An unstructured (co)variance matrix was used to model the within subject
errors. Parameters were estimated using restricted maximum likelihood method. Holm’s
procedure was applied to adjust for the multiple comparisons among doses.

Power and type-1 error

For each scenario the proportion of positive (as defined above) trials out of 300 for each
endpoint were calculated at each sample size levels. The power is defined as the
probability of rejecting the null hypothesis. The type-1 error is defined as the probability
of rejecting the null hypothesis for the null data scenario.

Results

The proportion of subjects with greater than 10% reduction in DBP increased with drug
X dose groups. Under the placebo model assumptions, the simulated data
overestimated % patients with greater than 10% reduction in DBP on placebo compared
to that of observed data. For example, at 5 minute sampling event, the simulated ~20%
patients with greater than 10% reduction in DBP on placebo did not match well with the
observed 13% response rate (internal data). Also, the cumulative dropout rate of ~20%
at 30 minute did not match well with the observed 7 % dropout rate (internal data).

For the base design the MMRM was superior to all the methods of analysis. However,
with 25 subjects per arm, all the methods have ~80% or more power to reject the null
hypothesis. On the other hand, the power decreased drastically if pediatric population is
less sensitive and less responsive. The MMRM was still superior compared to other
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methods. The MMRM method exhibited ~80% power at 40 subjects per group, whereas,
other methods had very low power (>50%) under the scenarios of low sensitivity and
low response. A potential extreme case of non-responsive pediatric population (Emax
0.5x : ECsp 2x) required a sample size of 45 subjects per group and a moderate case of
non-responsive pediatric population (Emax 0.75x : ECsp 1.5x) required a sample size of
25 subijects per group. For completeness, the dose response was also analyzed for the
simulated data without enforcing dropout assumption (Dose response- no dropout). The
power was comparable to that of MMRM. However, the power was high compared to
dose response analysis with dropout assumption. In other words, the use of LOCF as
an imputation technique made the dose response shallower than it actually is.

The type-1 error for MMRM at 40 subjects per arm was 6.33%.

Discussion

Pediatrics NE Adults (Emax 0.5x : ECso 2x) scenario was considered a potential extreme
case scenario in this setting. The pediatric population has been found to be less
sensitive and less responsive compared to that of adults consistently across
antihypertensives.? The following are some of the recommendations incorporated to
improve the proposed design:

1. Atotal of five dose groups including placebo should be studied.

Given the approved dose range in adults, it was recommended that the dose range
in pediatrics should cover 50% of the lowest dose up until two fold of the highest
dose in adults. Such dose selection was especially important, if the pediatric patients
were less responsive and less sensitive compared to adult patients.

2. A total of 40 subjects per group (200 in a study) should be evaluated to
establish safety and effectiveness of drug X.

As explained earlier, under the placebo model assumptions, the simulated data
overestimated % patients with greater than 10% reduction in DBP and the
cumulative dropout rate. This is due to normality assumption that does seem to hold
at the tails of the distribution. Such bias was believed to guard against unusually
high placebo response that could have negative impact on trial results; therefore, no
attempt was made to truncate the distribution. Needless to say, absence of such
high placebo response rate and/or dropout rate further improves the possibility of a
successful study. In addition, the number of subjects in a study was also driven by
requirement of safety data.

3. A Mixed Model Repeated Measures analysis (MMRM) comparing % change
from baseline in SBP on drug X treatment versus placebo should be used
for the primary statistical analysis.

The sample size of 15 per group offered 80% power to reject the null hypothesis, if
the effect in pediatrics were comparable to that of adults. A potential extreme case of
non-responsive pediatric population (Emax 0.5x : ECsp 2X) required a sample size of

¥ http://www.fda.gov/cder/foi/label/2004/19922se5-005_colopam_Ibl.pdf
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45 subjects per group and a moderate case of non-responsive pediatric population
(Emax 0.75x : ECsp 1.5x) required a sample size of 25 subjects per group.

The power of MMRM test was not unexpected. The major dropout reason
considered in this study was dependent on patient’s response. Meaning, the reason
for dropout was dependent on the patient’s last observed response. In statistical
literature, such dropouts are termed Missing at Random (MAR). Under the MAR
assumption, the likelihood based methods, such as MMRM are expected to be
powerful and less biased. Therefore, an MMRM analysis with unstructured
covariance matrix was recommended as the primary analysis method. The analysis
will use SBP data measured at every five-minute time point during the 30-minute
infusion (5 minutes, 10 minutes, up to 30 minutes). The covariates in the model
included treatment, time and treatment-by-time interaction. The treatment-by-time
interaction was the only interaction term in the model. REML estimation and Holm’s
procedure or sequential testing of doses for multiple comparison adjustment was
recommended.
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GUIDANCE FOR INDUSTRY!

Phar macokineticsin Patientswith Impaired Renal Function —
Study Design, Data Analysis, and Impact on Dosing and L abeling

. INTRODUCTION

This guidance is intended for sponsors who, during the investigational phase of drug
development, plan to conduct studies to assess the influence of renal impairment on the
pharmacokinetics of an investigational drug.

II. BACKGROUND

After entering the body, adrug is eliminated either by excretion or by metabolism. Although
elimination can occur via any of severa routes, most drugs are cleared by elimination of
unchanged drug by the kidney and/or by metabolism in the liver. For a drug eliminated primarily
viarena excretory mechanisms, impaired rena function may alter its pharmacokinetics (PK) and
pharmacodynamics (PD) to an extent that the dosage regimen needs to be changed from that used
in patients with normal renal function. Although the most obvious type of change arising from
rena impairment is a decrease in renal excretion, or possibly renal metabolism, of adrug or its
metabolites, renal impairment has also been associated with other changes, such as changesin
absorption, hepatic metabolism, plasma protein binding, and drug distribution. These changes
may be particularly prominent in patients with severely impaired renal function and have been
observed even when the renal route is not the primary route of elimination of adrug. Thus, for
most drugs that are likely to be administered to patients with rena impairment, PK
characterization should be assessed in patients with rena impairment to provide rational dosing
recommendations.

! This guidance has been prepared by the Renal Impairment Working Group in the Clinical Pharmacology
Section of the Medical Policy Coordinating Committee in the Center for Drug Evaluation and Research (CDER), with
input from the Center for Biologics Evaluation and Research (CBER) at the Food and Drug Administration. This
guidance document represents the Agency’s current thinking on this subject. 1t does not create or confer any rights for
or on any person and does not operate to bind FDA or the public. An aternative approach may be used if such approach
satisfies the requirements of the applicable statute, regulations, or both.
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This guidance makes recommendations regarding:

e When studies of PK in patients with impaired rena function should be performed—and
conversely, when they may be unnecessary;

® Thedesgn and conduct of PK studiesin patients with impaired renal function;

® Thedesign and conduct of PK studiesin end-stage rena disease (ESRD) patients
treated with dialysis (hemodiaysis or peritoneal diayss);

® Theanaysisand reporting of the results of such studies;

® Representation of these results in approved product labeling.

DECIDING WHETHER TO CONDUCT A STUDY IN PATIENTSWITH
IMPAIRED RENAL FUNCTION

A. When Studies May Be Important

A PK study in patients with impaired rena function is recommended when the drug is likely
to be used in these patients and (1) renal impairment is likely to significantly alter the PK of a
drug and/or its active/toxic metabolites and (2) a dosage adjustment is likely to be necessary
for safe and effective use in such patients. In particular, a study in patients with impaired
renal function is recommended when the drug or its active metabolites exhibit a narrow
therapeutic index? and when excretion and/or metabolism occurs primarily via renal
mechanisms (excretion or metabolism). A study also should be considered when a drug or an
active metabolite exhibits a combination of high hepatic clearance (relative to hepatic blood
flow) and significant plasma protein binding. In this setting, rena impairment could induce a
significant increase in the unbound concentrations after parenteral administration due to a
decreased plasma protein binding coupled with little or no change in the total clearance
(decrease in unbound clearance).

B. When Studies May Not Be Important
For some drugs, rena impairment is not likely to ater PK enough to justify dosage

adjustment. In such cases, a study to confirm that prediction may be helpful but is not
necessary. If astudy isnot conducted, the labeling should indicate that the impact of rena

2 The therapeutic index may be derived from the concentration- or dose-response data existing in the

safety/efficacy database.



impairment was not studied, but that an effect requiring dosage adjustment is unlikely to be
present. Current knowledge suggests that the following drug properties may justify this
approach:

e Drug and active metabolites with arelatively wide therapeutic index and that are
primarily eliminated via hepatic metabolism or biliary excretion;

® Gaseous or volatile drug and active metabolites that are primarily eliminated via the
lungs,

® Drugsintended only for single-dose administration unless clinical concerns dictate
otherwise.

Controversy exists regarding the impact of severe renal impairment on hepatic metabolism.
For this reason, arenal impairment study is still considered desirable for a drug eiminated
primarily via hepatic metabolism unlessit aso has arelatively wide therapeutic index.

Even when renal impairment is likely to have little or no effect on adrug’'s PK, the impact of
dialysis on the PK of adrug should be considered. Patients on dialysis may require greater
doses of certain drugs than patients with normal renal function. Thisis discussed further in
the following section.

V. STUDY DESIGN

The safety and efficacy of adrug generally are established for a particular dosage regimen (or
range of dosage regimens) in late phase (phase 3) clinical trialsinvolving relatively typical
representatives from the target patient population. More often than not, individuals with
significantly impaired renal function are explicitly excluded from participation in these studies,
although there may be a sufficient range of function to obtain an initial estimate of the effects of
decreased rena function. The primary goal of the recommended study in patients with impaired
renal function isto determine if the PK is altered to such an extent that the dosage should be
adjusted from that established in the phase 3 trials.

Thus, the study should reasonably focus on comparing patients with renal impairment to
patients with renal function that is typical of the usual patient population — not necessarily to
normal healthy young volunteers.

The strategy used in this section describes the basic “full” study design that could be applied to
most drugs whose pharmacodynamics (i.e., concentration-response relationship) are known to be
unaffected by renal impairment or whose therapeutic indices are sufficiently large to preclude
safety concerns. Then, cases are identified for which some elements of the full study design may
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be simplified or excluded depending on the properties of the drug and its anticipated use in the
target patient population.

A. Basic“Full” Study Design
1. Study Participants

The control renal function group in this study should optimally be representative of a
typical patient population for the drug to be studied. In particular, it should not consist
of normal healthy young male volunteersiif the typical patient population is made up of
older people, including women. However, enrollment of enough individuals with varying
degrees of renal impairment who are also patients with the condition for which the drug
isindicated may be difficult. An acceptable aternative would be to use volunteers who
are comparable to the typical patient population with respect to renal function and other
factors such as age, gender, and weight. For example, an acceptable control group for a
drug intended for treatment of Alzheimer’s disease would be otherwise healthy elderly
male and femal e patients whose baseline rena function would clearly not be comparable
to young healthy male volunteers.

The study could aso include a group of subjects with greater renal function than the
control renal function group (e.g., agroup of healthy young volunteers). The resulting
wider range of renal function enhances the ability to detect and characterize the effect of
renal function on PK. It also alows for the possibility that the actual patient population
may include some people with greater renal function than the control group. However,
recommendations about dosage adjustments should be based on comparison to the
patients with renal function that istypical of the usual patient population — not
necessarily to normal healthy young volunteers.

To ensure adequate representation of patients with various degrees of renal impairment,
recruitment of approximately equal numbers of patients from each of the following
groups is suggested:



Group | Description Estimated
Creatinine
Clearance
(milliliters/
minutes)
1 Normal rena function >80 mL/min
2 Mild renal impairment 50-80 mL/min
3 Moderate renal impairment 30-50 mL/min
4 Severe rena impairment <30 mL/min
5 ESRD Requiring didysis

The renal function groups should be comparable to each other with respect to age,
gender, and weight. Other factors with significant potential to affect the PK of adrug to
be studied (e.g., diet, smoking, alcohol intake, concomitant medications, ethnicity)
should be considered depending on the drug.

The number of patients enrolled in the study should be sufficient to detect PK
differences large enough to warrant dosage adjustments. The PK variability of the drug
aswell asthe PK/PD relationships for both therapeutic and adverse responses
(therapeutic index) will affect this decision.

2. Drug Administration

A single-dose study is satisfactory for cases where thereis clear prior evidence that the
multiple-dose PK is accurately predictable from single-dose data for al chemical species
of interest (drug and potentialy active metabolites). A multiple-dose PK is predictable
from a single-dose PK when the drug and active metabolites exhibit linear and time-
independent PK at the concentrations anticipated in the patients to be studied. A
multiple-dose study is desirable when the drug or an active metabolite is known to
exhibit nonlinear or time-dependent PK.

In single-dose studies, the same dose can usualy be administered to all patientsin the
study regardless of renal function because the peak concentration generally is not greatly
affected by renal function. For multiple-dose studies, lower or less frequent doses as
renal function decreases may be important to prevent accumulation of drug and



metabolites to unsafe levels. The dosage regimen may be adjusted based on the best
available prestudy estimates of the PK of the drug and its active metabolites in patients
with impaired renal function. Alternatively, a concentration-controlled study design
could be employed. Specificaly, the study could be conducted to achieve a specific
target concentration using therapeutic drug monitoring procedures. In multiple-dose
studies, the dosing should usually be continued for a sufficiently long duration to achieve
steady state. A loading dose strategy may be desirable to facilitate this, particularly if
the elimination half-life is greatly prolonged in patients with renal impairment.

3. Sample Collection and Analysis

Plasma or whole blood, if appropriate, (and optionally urine) samples should be analyzed
for parent drug and any metabolites with known or suspected activity (therapeutic or
adverse). Thisis particularly important in patients with impaired renal function since
renally excreted metabolites can accumulate to a much higher degree in such patients.
The frequency and duration of plasma sampling and urine collection should be sufficient
to accurately estimate the relevant pharmacokinetic parameters for the parent drug and
its active metabolites (see section V. on Data Analysis).

Plasma protein binding is often altered in patients with impaired renal function. For
systemically active drugs and metabolites, the unbound concentrations are generally
believed to determine the rate and extent of delivery to the sites of action. Thisleadsto
the recommendation that the PK should be described and analyzed with respect to the
unbound concentrations of the drug and active metabolites. Although unbound
concentrations should be measured in each plasma sample, if the binding is
concentration-independent and is unaffected by metabolites or other time-varying
factors, the fraction unbound may be determined using a limited number of samples or
even asingle sample from each patient. The unbound concentration in each sampleis
then estimated by multiplying the total concentration by the fraction unbound for the
individual patient. For drugs and metabolites with arelatively low extent of plasma
protein binding (e.g., extent of binding less than 80%), alterations in binding due to
impaired renal function are small in relative terms. In such cases, description and anaysis
of the PK in terms of total concentrations should be sufficient.

4. Measures of Rena Function

Currently, creatinine clearance is used widely in patient care settings as a measure of
renal function. Consequently, it is more practical than most other aternatives as a
criterion for adjusting dosage in outpatient and inpatient settings. The Cockroft-Gault
formulais one way of estimating creatinine clearance based on serum credtinine levels.



Using other measures of renal function that can characterize differentially glomerular
filtration or renal tubular secretion may provide an additional mechanistic understanding
of the effect of renal impairment on PK. Such methods are encouraged as useful
additions, but not as alternatives to methods that are more readily available in patient
care settings, such as using creatinine clearance or serum creatinine concentration.

The basic full study design should be structured to characterize comprehensively the
effect of renal impairment on PK. This approach presumes that the drug's PK is likely
to change as renal function decreases. The full study then provides the information
needed to rationally adjust doses for patients with impaired rena function.

B. Reduced/Staged Study Design

If there is good reason to believe that renal impairment does not affect PK to a degree
sufficient to warrant dosage adjustment, then a full study may be larger and more complex
than necessary. An acceptable alternative is an adaptive two-stage approach. Stage 1
consists of studying only patients at the extremes of renal function (i.e., patients with normal
[Group 1] and severely impaired [Group 4] rena function). If the results confirm that rena
impairment does not ater PK to an extent that warrants dosage adjustment, no further study
iswarranted. If the results do not strongly support such a conclusion, in stage 2, the
intermediate rena function groups (mild and moderate renal impairment) should also be
studied. The results of both stages should be combined for al subsequent data analyses.

C. Population PK Studies?®

A population PK screen of patients participating in phase 2/phase 3 clinical trials may be used
to assess the impact of various covariates on the PK of adrug. Typically, each patient is only
sparsely sampled to obtain plasma drug concentration data.

Techniques such as nonlinear mixed effects modeling may be used to model the relationship
between the various covariates and PK parameters. A measure of rena function such as
creatinine clearance may be one of the covariates. Therefore, it may be possible to model the
relationship between creatinine clearance and PK parameters, such as the apparent clearance
of the drug (CL/F). In principle, such a population PK study design and analysis can be an
acceptable alternative if it retains some of the critical components of the more conventional
studies described in previous sections:

3 A draft guidance for industry, “Population Pharmacokinetics,” (September 1997) is available on the internet
(http://www.fda.gov/cder/guidance/index.htm)



e A saufficient number of patients and a sufficient representation of arange of renal
function that the study could detect PK differences large enough to warrant dosage
adjustment;

e Measurement of unbound concentrations when appropriate;
® Measurement of parent drug and potentially active metabolites.

Such features are particularly critical if the sponsor intends to use the results to support a
claim that no dosage adjustment is required for patients with impaired renal function.

Patients with severe renal impairment often are excluded or poorly represented in population
PK studies. When that occurs for adrug that is likely to be administered to such patients, a
separate study should be conducted to assess PK in patients with severe renal impairment
(i.e., astudy such as the reduced/staged study design described in the previous section). The
data from both sources should be combined to construct an overall assessment of the effect
of rena impairment.

D. Effect of Dialysis on Pharmacokinetics

Diaysis may significantly affect the PK of a drug to an extent that dosage adjustment is
appropriate. The need for dosage adjustment results when a significant fraction of the drug
or active metabolites in the body is removed by the dialysis process. In such cases, a change
in the dosage regimen, such as a supplemental dose following the dialysis procedure, may be
required.

For drugs that are likely to be administered to end stage rena disease (ESRD) patients
treated with dialysis, PK should be studied in such patients under both dialysis and
nondialysis conditions to determine the extent to which dialysis contributes to the elimination
of the drug and potentially active metabolites. Primary questions to be addressed are
whether the dosage should be adjusted as a consequence of dialysis and, if so, by how much.
The results of the study also provide valuable insight regarding the value of diaysis for
treatment of overdose. The assessment of PK in dialysis may be integrated with the PK in
renal impairment study, as described above, or it may be conducted as a separate study.

Asit ismost commonly used in ESRD patients, intermittent hemodiaysisis usually the most
important method to be evaluated. PK studiesin patients treated with peritonea dialysis may
also be desirable (e.g., CAPD, continuous ambulatory peritoneal dialysis, which is the next
most common form of dialysis). A study in CAPD patients is recommended if the drug is
likely to be used in such patients and CAPD islikely to significantly affect PK.



In general, a study of the effect of dialysison PK may be omitted if the dialysis procedureis
unlikely to result in significant elimination of drug or active metabolites. Thisis arguable for
drugs and active metabolites that have a large unbound volume of distribution (V) or alarge
unbound nonrenal clearance (CL ).

If the drug and metabolites have alarge unbound volume of distribution (V ), only asmall
fraction of the amountsin the body will be removed by dialysis. For example, if V, were
greater than 360 L, less than 10 percent of the amount initially in the body could be removed
by 3 hours of high flux hemodialysis with an unbound dialysis clearance of 200 mL/min.

If the drug and metabolites have a large unbound nonrenal clearance (CL ), didysis
contributes arelatively small amount to the overall unbound clearance. For example, if
CL g, Were greater than 125 mL/min, 3 hours of high-flux hemodialysis with an unbound
diaysis clearance of 200 mL/min administered every 2 days would contribute less than 10
percent to the overall clearance.

E. Pharmacodynamic Assessments

Whenever appropriate, pharmacodynamic assessment should be included in the studies of
renal impairment. The selection of the pharmacodynamic endpoints should be discussed with
the appropriate FDA review staff and should be based on the pharmacol ogical characteristics
of the drug and metabolites (e.g., extent of protein binding, therapeutic index, and the
behavior of other drugs in the same class in patients with renal impairment).

V. DATA ANALYSIS

The primary intent of the data analysisis to assess whether dosage adjustment is required for
patients with impaired renal function, and, if so, to develop dosing recommendations for such
patients based on measures of renal function. The data analysis typically consists of the following

steps:

Estimation of PK parameters,

Mathematical modeling of the relationship between measures of renal function and the PK
parameters;

Development of dosing recommendations including an assessment of whether dosage
adjustment is warranted in patients with impaired renal function.

A. Parameter Estimation



Plasma concentration data (and urinary excretion data if collected) should be analyzed to
estimate various parameters describing the PK of the drug and its active metabolites. The PK
parameters of a drug can include the area under the plasma concentration curve (AUC), peak
concentration (C,,,), apparent clearance (CL/F), rena clearance (CLR), apparent volume of
distribution (V,/F or VJF), termina half-life (t,,). The PK parameters of active metabolites
can include the area under the plasma concentration curve (AUC), peak concentration (C,,,),
renal clearance (CLg), terminal half-life (t,,). If possible, parameters are preferably
expressed in terms of unbound concentrations; for example, apparent clearance relative to the
unbound drug concentrations (CL /F = D/AUC,) where the subscript ‘U’ indicates unbound
drug. Noncompartmental and/or compartmental modeling approaches to parameter
estimation can be employed.

B. Modeling the Relationship Between Renal Function and PK

The objective of this step isto construct mathematical models for the relationships between
the RF, the measures of rena function, particularly creatinine clearance (CLcr) and relevant
PK parameters. The PK parameters of greatest interest are usually the apparent unbound
clearance (CL /F), or the dose-normalized area under the unbound concentration curve
(AUC,/D), and the dose-normalized peak unbound concentration (C,,, /D) for the drug and
active metabolites. The intended result isamodel that can successfully predict PK behavior
given information about renal function. Generaly, thisinvolves aregression approach in
which RF and the PK parameters are treated as continuous variables. Thisis usualy
preferred to an analysisin which RF istreated as a categorical variable corresponding to the
normal, mild, moderate, and severe rena impairment groups. One commonly used model isa
linear relationship between CLcr and the total or renal clearance of the drug. Other models
can be used if adequately supported by the data and/or mechanistic arguments.

The intent of the modeling exercise is to provide arationa quantitative basis for dosage
recommendations in the drug’ s labeling. The model itself may be described in the clinica
pharmacology section of the labeling.

The reported modeling results should include estimates of the parameters of the chosen
model as well as measures of their precision (standard errors or confidence intervals).
Prediction error estimates are also desirable (e.g., confidence bounds for prediction of
AUC,/D for the drug and its active metabolites over arange of RF).

C. Development of Dosing Recommendations

Specific dosing recommendations should be constructed based on the study results using the
aforementioned model for the relationships between RF and relevant PK parameters.
Typically the dose is adjusted to produce a comparable range of unbound plasma
concentrations of drug or active metabolites in both normal patients and patients with

10



impaired renal function. Simulations are encouraged as a means to identify doses and dosing
intervals that achieve that goal for patients with different levels of renal function.

For some drugs, even severe renal impairment may not ater PK sufficiently to warrant
dosage adjustment. A sponsor could make this claim by providing an analysis of the study
data to show that the PK measurements most relevant to therapeutic outcome in patients
with severe renal impairment are similar, or equivalent, to those in patients with normal rena
function.

One approach would be for the sponsor to recommend, prior to the conduct of the studies,
specific "no effect” boundaries for the ratio of a PK measurement from patients with severe
and normal renal functions respectively, such as (AUCu,severe/ AUCu,normal)
(Dnormal/Dsevere). If the 90% confidence interval for the ratio of PK measurements fell
within these boundaries, the sponsor could claim "no effect” of severe renal impairment on
PK, and it would be reasonable to conclude that no dosage adjustment is required for rendl
impairment. The sponsor could determine "no effect” boundaries from population (or
individual) PK-PD relationships, dose-finding studies and/or dose-response studies which are
conducted as part of drug development.

Another approach would be for the sponsor to assume, a priori, "no effect” boundaries of
70-143% for Cmax and 80-125% for AUC without further justification, recognizing that the
limitation for small clinical sample sizesin rena impairment studies coupled with high inter-
subject variability may preclude meeting these “no-effect” boundaries.

11



VI. LABELING

The labeling should reflect the data pertaining to the effect of rena function on the
pharmacokinetics and pharmacodynamics (if known) obtained from studies conducted. The
various permutations of intrinsic drug characteristics and the effect of renal impairment on drug
performance preclude precise specification of how such drugs should be labeled. The following
comments offer general suggestions on which sections of the labeling should include standardized
information and how such information should be structured.

A. Clinical Phar macology

1.

2.

The pharmacokinetics subsection should include information on the:
Mechanism of renal elimination (e.g., filtration, secretion, active reabsorption)

Percentage of drug that is eliminated by renal excretion and whether it is eliminated
unchanged or as metabolites;

Disposition of metabolites in patients with impaired renal function (if applicable);

Effects of renal impairment on protein binding of parent drug and metabolites (if
applicable);

Effects of changesin urinary pH or other special situations that should be
mentioned (e.g., tubular secretion inhibited by probenecid);

If applicable, the effects of impaired renal function on stereospecific disposition of
enantiomers of aracemic drug product should be described if there is evidence of
differential stereoisomeric activity or toxicity

Specia Populations Subsection

This section should recapitulate, in brief, the pharmacokinetic changes found in various
degrees of renal impairment and, if necessary, dosing adjustments for patients with
varying degrees of rena impairment. Thisinformation should be based on the studies
performed as described in this guidance. Reference should be made to the
PRECAUTIONS/WARNINGS and the DOSAGE AND ADMINISTRATION sections.
The following text provides examples of appropriate wording for these sections.

The simplest situation involves drugs for which impaired rena function has little or no
effect on PK:

12



Impaired renal function has little or no influence on
phar macokinetics and no dosing adjustment is required.

Similarly, for drugs whose PK isinfluenced by rena impairment, the following statement
may be modified as appropriate and in accordance with what is known about the drug
(e.g., racemate with different activity of stereoisomers, active or toxic metabolite) and
from the studies performed in accordance with this guidance:

The disposition of was studied in patients with varying degrees of renal
function. Elimination of the drug (and metabolite, if applicable) is significantly
correlated with the creatinine clearance. Total body clearance of (unbound, if
applicable) /metabolite was reduced in patients with impaired renal
function by --- % in mild (CLcr = __ - mL/min), --- % in moderate (CLcr = __ -
___mL/min) and --- % in severe renal impairment (CLcr = __ - mL/min), and ---
% in patients under dialysis compared to normal subjects (CLcr > mL/min).
The terminal half-life of /metaboliteis prolonged by ---, ---, and ---
fold in mild, moderate, and severe renal impairment, respectively. [Alternatively,
the relationship between renal function and the PK parameters may be described in
terms of equations, e.g., alinear equation relating unbound clearance and CLcr.]
Protein binding of /metabolite ig/is not affected by decreasing renal
function. The drug/metabolite accumulates in patients with impaired renal
function on chronic administration. The pharmacologic response ig/is not affected
by renal function. Approximately --- % of the drug/metabolite in the body was
cleared from the body during a standard 4-hour hemodialysis procedure. The
dosage should be reduced in patients with impaired renal function receiving

and supplemental doses should/should not be given to patients after
dialysis. (See DOSAGE AND ADMINISTRATION).

B. Precautions/Warnings

Usein Patients with Impaired Renal Function: If the effects of renal impairment result in
clinically important changes in drug pharmacokinetics, this should be included in the
PRECAUTIONS/WARNINGS section with reference to DOSAGE AND
ADMINISTRATION section.

C. Dosage and Administration

As appropriate, the following statement may be considered:

The influence of impaired renal function on pharmacokinetics is
sufficiently small that no dosing adjustment is required.

13



However, for many drugs, impaired renal function may require dosing adjustments. In such
cases, the following information should be included:

1.

2.

A statement describing the relationship between clearance and
endogenous creatinine clearance.

If there is a need for dosage adjustment, the following statement may be adapted as
appropriate:

dosing must be individualized according to the patient’s renal
function status. Refer to the following table for recommended doses and adjust the
dose asindicated. To use thisdosing table, an estimate of the patient’s creatinine
clearance (CLcr) inmL/minisrequired. CLcr inmL/min may be estimated from
a spot serum creatinine (mg/dL) determination using the following formula:

[140-age (years)]xweight (kg) {
72xserum creatinine (mg/dL)

Clcr= x0.85 for female patients}

The serum creatinine should represent a steady-state of renal function. The
following formulas are preferable for children (to be included if the drug has a
pediatric indication):

Infants |ess than one year: CLcr~— 9-45xlength (cm)
serum creatimine (mg/dL)

Children 1-12 years: Clcr~—9-95xlength (cm)
serum creatinine (mg/dL)

The dosing adjustment regimen should be represented in tabular format (see
example below).

14



Group Creatinine Clearance Dosage Frequency

(mL/min) (mQ)
Normal > X Every x hours
Mild -
Moderate =
Severe <
ESRD patients Supplemental dose
using dialysis should be given

after dialysis.
4. Specia consideration should be given to combination drug products.

Dosing adjustment should be recommended according to the degree of renal impairment,
provided there is sufficient information to indicate that the
pharmacokinetics/pharmacodynamics of the individual components of the combination
product are comparably affected by impaired rena function. In situations in which this
does not apply, the following statement should be adapted:

Because the doses of this fixed combination product cannot be individually titrated
and impaired renal function resultsin a reduced clearance of component Ato a
much greater extent than component B, combination drug should generally be
avoided in patients with suspected or documented renal impairment (see
PRECAUTIONSWARNINGS).

D. Overdosage

Although the primary objective of a hemodialysis study is to evaluate the need for dosing
adjustments in ESRD, additional information regarding the value of hemodialysisin overdose
Situations may reasonably be garnered from such studies (if performed). In situationsin
which this information is known, the following wording may be adapted as appropriate:

isnot eliminated to a therapeutically significant degree by

hemodialysis.
or

Sandard hemodialysis procedures result in significant clearance of and
should be considered in cases of life-threatening overdose.

15



16



10
11
12
13

14

Draft- Not for Implementation
For Discussion Purposes Only

Preliminary Concept Paper

Pharmacokinetics in Patients with Impaired
Renal Function — Study Design, Data
Analysis, and Impact on Dosing and Labeling

For Discussion Purposes Only

Clinical Pharmacology Advisory Committee Presentation
March 19, 2008

Send comments to Shiewmei.huang@fda.hhs.gov

Concept paper February 22 2008  page 1 of 17



Draft- Not for Implementation
For Discussion Purposes Only

15 TABLE OF CONTENTS

16

17 1. INTRODUGCTION L.ttt etttk bbb e ettt et et et 4
18

19 1. BACKGROUND ...ttt bt bbbttt b bbbt et b et ne e bt et 4
20

21 111. DECIDING WHETHER TO CONDUCT A STUDY IN PATIENTS WITH IMPAIRED RENAL
22 FUNGCTION. .ttt bbbttt bbb bt bbbt et e bt e bbb et ens 5
23 A. When Studies May Be IMPOIrtant ..........ccocooiiiiiiiiiiiinin s e e e e iei e e reiee e 222D
24

25 B. When Studies May NOt Be IMPOIrtant ...........cooooiiiiiiiiiiiii s et e e e e e veneeene a2 D
26

27 IV.STUDY DESIGN ...ttt bbb bbbttt ne et ebe s 6
28

29 A. “Reduced PK STUAY DESIGN......ccouiiiiiieiiiie ettt sttt nne e 6
30

31 B. “FUll PK STUAY” DESIGN ....eiviiiieiiiieiieiieie ettt 8
32

33 C. Effect of Dialysis on PharmacoKineticCs ...........cccoveiieiiiiiiiicc e 10
34

35 D. Pharmacodynamic ASSESSIMENTS .......c.cccueiieiieiieieesieeiesee e esee s sreesre e sreesresnnesraennes 12
36

37 V. DATA ANALYSIS Lt ettt bbb bbbttt sbe bbbt 12
38

39 A. Parameter ESTIMAatioN.........ccooooiiiiiiiiiiis et 12
40

41 B. Modeling the Relationship Between Renal Function and PK ...........cccccoiniiinnnn. 12
42

43 C. Development of Dosing Recommendations ............ccocuvviiniiieiiienenese e 13
44

45 VL LABELING .....ooiii ettt ettt sttt e e 14
46 A. Clinical PharmacolOgy .........cocoiieiiiiiiiiie e 14
47

Concept paper February 22 2008  page 2 of 17



48
49
50
51
52

Draft- Not for Implementation
For Discussion Purposes Only

B. PrecautionS/VWarninNgS.........ccueceiieieerieiiesie e e e see e sseessae e sseessaessesnessseensesnes 15
C. Dosage and AdMINISTIAtiON ..........ccccoeiiieiiiie e 16
D. OVEFUOSAGE .. eeveeuvieetiiieeieeiiet ettt sttt b bbbt e et e bbbt ene e 17

Concept paper February 22 2008  page 3 of 17



53
54

55
56
57

58

59
60
61

62

63
64
65
66
67
68
69
70
71
72
73
74
75

76

Draft- Not for Implementation
For Discussion Purposes Only

Preliminary Concept Paper

Pharmacokinetics in Patients with Impaired Renal Function —
Study Design, Data Analysis, and Impact on Dosing and Labeling

I. INTRODUCTION

This concept paper is intended for sponsors who, during the investigational phase of drug
development, plan to conduct studies to assess the influence of renal impairment on the
pharmacokinetics of an investigational drug.

1. BACKGROUND

After entering the body, a drug is eliminated either by excretion or by metabolism. Although elimination
can occur via any of several routes, most drugs are cleared by elimination of unchanged drug by the kidney
and/or by metabolism in the liver and/or small intestine. For a drug eliminated primarily via renal excretory
mechanisms, impaired renal function usually alters its pharmacokinetics (PK) and pharmacodynamics (PD)
to an extent that the dosage regimen needs to be changed from that used in patients with normal renal
function. The most obvious type of change arising from renal impairment is a decrease in renal excretion,
or possibly renal metabolism, of a drug or its metabolites. Renal impairment also adversely affects some
pathways of hepatic/gut drug metabolism to a significant extent and has also been associated with other
changes, such as changes in absorption, plasma protein binding, transporter, and tissue distribution. These
changes may be particularly prominent in patients with severely impaired renal function and have been
observed even when the renal route is not the primary route of elimination of a drug. Thus, for most drugs
that are likely to be administered to patients with renal impairment, PK and/or PD characterization should
be assessed in patients with renal impairment to provide rational dosing recommendations.

This concept paper makes recommendations regarding:
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77 e When studies of PK in patients with impaired renal function should be performed—and
78 conversely, when they may be unnecessary;
79 e The design and conduct of PK studies in patients with impaired renal function;
80 e The design and conduct of PK studies in end-stage renal disease (ESRD) patients treated
81 with dialysis (hemodialysis);
82 e The analysis and reporting of the results of such studies;
83 e Representation of these results in approved product labeling.
84 11l. DECIDING WHETHER TO CONDUCT A STUDY IN PATIENTS WITH
85 IMPAIRED RENAL FUNCTION
86 A. When Studies May Be Important
87 A PK study in patients with impaired renal function is recommended when the drug is likely to be
88 used in these patients and (1) renal impairment is likely to significantly alter the PK of a drug and/or
89 its active/toxic metabolites and (2) a dosage adjustment is likely to be necessary for safe and effective
90 use in such patients. In particular, a study in patients with impaired renal function is recommended
91 when the drug or its active metabolites exhibit a narrow therapeutic range” and when excretory and/or
92 metabolic pathways are likely to be adversely affected by impaired renal function.
93
94 B. When Studies May Not Be Important or Practicable
95 For some drugs, renal impairment is not likely to alter PK enough to justify dosage adjustment. In
96 such cases, a study to confirm that prediction may be helpful but is not necessary. If a study is not
97 conducted, the labeling should indicate that the impact of renal impairment was not studied, but that
98 an effect requiring dosage adjustment is unlikely to be present. Current knowledge suggests that the
99 following drug properties may justify this approach:
100 e Drug and active metabolites with a relatively wide therapeutic index;
101 e Gaseous or volatile drug and active metabolites that are primarily eliminated via the lungs;
102 e Drugs intended only for single-dose administration unless clinical concerns dictate
103 otherwise.
104 e Oncologic drugs which are usually withheld from patients with severely impaired renal function or
105 ESRD. In this case a population PK study (see below) may provide sufficient information for
106 appropriate dose regimen design in patients with some degree of renal impairment.
107
108 ’ The therapeutic range may be derived from the concentration- or dose-response data existing in the safety/efficacy database.

109  (refer to the Drug Interaction Guidance)
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Even when renal impairment is likely to have little or no effect on a drug’s PK, the impact of dialysis
on the PK of a drug should be considered. Patients on dialysis may require greater doses of certain
drugs than patients with normal renal function. This is discussed further in the following section.

IV.STUDY DESIGN

The safety and efficacy of a drug generally are established for a particular dosage regimen (or range of
dosage regimens) in late phase (phase 3) clinical trials involving relatively typical representatives from
the target patient population. Frequently, individuals with significantly impaired renal function are
explicitly excluded from participation in these studies. However, there may be a sufficient range of
function in enough patients to estimate of the effects of decreased renal function from population PK
analysis. The primary goal of the recommended study in patients with impaired renal function is to
determine if the PK is altered to such an extent that the dosage should be adjusted from that established in
the phase 3 trials.

In many cases the effects of impaired renal function on drug PK can be evaluated initially with a “Reduced
PK Study” design (see IV.A below). This would apply to drugs that are predominantly renally cleared or
drugs that are predominantly metabolized or biliary secreted. Figure 1 illustrates a possible model to
determine when a renal impairment study is recommended. The “Reduced PK Study” design consists of
studying only patients at the extremes of renal function (i.e., patients with normal renal function and
dialysis-dependent patients with ESRD). If a drug is predominantly eliminated by the renal pathway, the
sponsor, in addition to using the “Reduced PK Study” design, may also evaluate PK in patients with all
levels of renal functional impairment (“Full Study Design”, see IV.B below).

A. “Reduced PK Study” Design
1. Patient Selection

The strategy used in this section describes an initial PK study to compare the PK parameters in
hemodialysis-dependent (ESRD) patients within 24 hours prior to the scheduled hemodialysis (pre-
dialysis) and the PK parameters in subjects with normal renal function. This strategy allows the estimation
of the “worst case scenario” PK changes due to renal impairment. When a drug is also administered via an
intravenous route, the data may provide information on whether the nonrenal clearance (metabolic or
biliary clearance) is modified by renal disease. The number of patients enrolled in the study should be
sufficient to detect PK differences large enough to warrant dosage adjustments. The PK variability of the
patients as well as the PK/PD relationships for both therapeutic and adverse responses (therapeutic range)
will affect this decision.
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Figure 1. Decision tree to determine when a renal impairment study is recommended

Investigational Drug!

Chronically administered oral, iv, Single-dose use
sc and likely to be administered Volatile Inhalation
to T?r‘ge‘r population Unlikelv to be used in renal imbaired batients
| |
| Route of elimination | | No study required |
| Hepatic/biliary predominates | | Renal clearance predominates’ |
|
A 4 ¢ ¢
Reduced PK study >
(in hemodialysis patients)? Full PK study®
| Negative | | Positive* | | Dose adjustment | | No dose adjustment

Label

1. Metabolites (active/toxic) follow the same decision tree.

2. The sponsor has the option of conducting a reduced study in patients undergoing hemodialysis (HD) between dialysis or a full
study.

3. To be conducted between dialysis (to be initiated and completed within 24 hours prior to scheduled dialysis)

4.  The magnitude of PK change based on the reduced PK study, risk-benefit (exposure-response) relationships, and the target
patient populations may warrant a follow-up full PK study.

5.  Toinclude both “between dialysis™ (within 24 hours prior to the scheduled dialysis) and “during dialysis” (if there is low volume of
distribution of the NME and high dialytic clearance)

2. Drug Administration

A single-dose study is satisfactory for cases where there is clear prior evidence that the multiple-dose PK is
accurately predictable from single-dose data for all chemical species of interest (drug and potentially active
metabolites). A multiple-dose PK is predictable from a single-dose PK when the drug and active
metabolites exhibit linear and time-independent PK at the concentrations anticipated in the patients to be
studied. A multiple-dose study is desirable when the drug or an active metabolite is known to exhibit
nonlinear or time-dependent PK.

In single-dose studies, the same dose can usually be administered to all patients in the study regardless of
renal function because the peak concentration generally is not greatly affected by renal function. For
multiple-dose studies, lower or less frequent doses as renal function decreases may be important to prevent
accumulation of drug and metabolites to unsafe levels. The dosage regimen may be adjusted based on the
best available prestudy estimates of the PK of the drug and its active metabolites in patients with impaired
renal function. Alternatively, a concentration-controlled study design could be employed. Specifically, the
study could be conducted to achieve a specific target concentration using therapeutic drug monitoring
procedures. In multiple-dose studies, the dosing should usually be continued for a sufficiently long duration
to achieve steady state. A loading dose strategy may be desirable to facilitate this, particularly if the
elimination half-life is greatly prolonged in patients with renal impairment.
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3. Sample Collection and Analysis

Plasma or whole blood, if appropriate, (and optionally urine) samples should be analyzed for parent drug
and any metabolites with known or suspected activity (therapeutic or adverse). The frequency and duration
of plasma sampling and urine collection should be sufficient to accurately estimate the relevant
pharmacokinetic parameters for the parent drug and its active metabolites (see section on Data Analysis).

Plasma protein binding is often altered in patients with impaired renal function. For systemically active
drugs and metabolites, the unbound concentrations are generally believed to determine the rate and extent
of delivery to the sites of action. Unbound concentrations should be measured in each plasma sample only
if the binding is concentration-dependent and/or is affected by metabolites or other time-varying factors.
Otherwise, the fraction unbound may be determined using a limited number of samples or even a single
sample from each patient. For drugs and metabolites with a relatively low extent of plasma protein binding
(e.g., extent of binding less than 80%), alterations in binding due to impaired renal function are small in
relative terms. In such cases, description and analysis of the PK in terms of total concentrations should be
sufficient.

4. Additional Studies

If results from the initial study in dialysis-dependent patients are positive (that is, clinical significant PK
changes were observed), a full study can be carried out (see IV. B below) or additional studies can be
conducted including a population PK evaluation in patients participating in phase 2/phase 3 clinical trials
to assess the impact of a decrease in creatinine clearance on the PK of a drug. Typically, each patient is
only sparsely sampled to obtain plasma drug concentration data. Techniques such as nonlinear mixed
effects modeling may be used to model the relationship between the various covariates such as creatinine
clearance and PK parameters. Therefore, it may be possible to model the relationship between creatinine
clearance and PK parameters, such as the apparent clearance of the drug (CL/F). In principle, such a
population PK study design and analysis can be acceptable if it retains some of the critical components of
the more conventional studies described in the following section on Full Study Design. Important
considerations are:

o Inclusion of a sufficient number of patients and a sufficient representation of a range of renal
function that the study can detect PK differences large enough to warrant dosage adjustment;

e Measurement of unbound concentrations when appropriate;

e Measurement of potentially active metabolites as well as parent drug.

B. “Full PK Study” Design
1. Study Participants

The control renal function group in this study is the same as that used in the initial study. Since enrollment
of enough individuals with varying degrees of renal impairment who are also patients with the condition
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for which the drug is indicated may be difficult, an acceptable alternative would be to use volunteers who
are comparable to the typical patient population with respect to renal function and other factors such as age,
gender, race, and weight. For example, an acceptable control group for a drug intended for treatment of
Alzheimer’s disease would be otherwise healthy elderly male and female patients whose baseline renal
function would clearly not be comparable to young healthy male volunteers.

To ensure adequate representation of patients with various degrees of renal impairment, recruitment of
approximately equal numbers of patients from each of the following stages is suggested:

Stage Description GFR (ml/min/1.73m")
1 Control (normal) GFR >90
2 Mild | GFR 60-89
3 Moderate | GFR 30-59
4 Severe | GFR 15-30
5 Kidney failure (ESRD) <15 or Requiring dialysis

(Stages of renal impairment are based on K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease (CKD) from
National Kidney Foundation in 2002); GFR: glomerular filtration rate; ESRD: end stage renal disease.

It is not certain whether individuals with chronically decreased GFR in the range of 60 to 89 ml./min/1.73
m? without kidney damage are at increased risk for adverse outcomes, such as toxicity from drugs excreted
by the kidney. Therefore, for drugs that are NOT narrow therapeutic index drugs, patients may be stratified
based on > 60 (relative normal), 15-59 (moderate to severe renal damage) and < 15 mL/min/1.73 m? (end
stage) with or without dialysis.

To ensure adequate representation of patients with various degrees of renal impairment, equal numbers of
patients with intermediate levels of impaired renal function should be enrolled in Groups 2-4. The
patients in these groups should be comparable to each other with respect to age, gender, race, and weight.
Other factors with significant potential to affect the PK of the drug to be studied (e.g., diet, smoking,
alcohol intake, concomitant medications, race/ethnicity) should be considered depending on the drug. The
number of patients enrolled in each group should be sufficient to detect the level of renal impairment at
which the hypothesis of the initial study breaks down (e.g. nonrenal elimination becomes impaired). The
PK variability within the patient group as well as the PK/PD relationships for both therapeutic and
adverse responses (therapeutic range) will affect this decision.

2. Measures of Renal Function

Although the exogenous markers such as inulin, iothalamate, EDTA, diethylene triamine pentaacetic acid,
and iohexol provide accurate estimation of-glomerular filtration rate (GFR), these methods are complicated,
expensive, and difficult to do in routine clinical practice, Currently, creatinine clearance is used widely in
patient care settings as a measure of GFR to represent the renal function. Consequently, it is more practical
than most other alternatives as a criterion for adjusting dosage in outpatient and inpatient settings.
Currently, the Cockroft-Gault and MDRD study equations are the most commonly used formulas to
estimate the GFR based on serum creatinine levels. MDRD seems to provide a more accurate estimate of
GFR than the Cockcroft-Gault equation and should be recommended for the PK study in patients with
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impaired renal function. However, since the Cockcroft-Gault equation has been widely used in previous PK
studies and in the guidance of drug dosing, and the GFR estimates from the MDRD study and the
Cockcroft-Gault equations fall within the same interval for dose adjustment in most cases, the sponsor
should be encouraged to provide the data based on the Cockcroft-Gault equation as the reference in
addition to the original data from the MDRD study.

Using other measures of renal function that can characterize differentially glomerular filtration or renal
tubular secretion may provide an additional mechanistic understanding of the effect of renal impairment
on PK. Such methods are encouraged as useful additions, but not as alternatives to creatinine clearance
estimates.

3. Drug Administration
Considerations regarding drug administration are the same as in the initial study.
4. Sample Collection and Analysis

Plasma or whole blood, if appropriate, and urine samples should be analyzed for parent drug and any
metabolites with known or suspected activity (therapeutic or adverse). The frequency and duration of
plasma sampling and urine collection should be sufficient to accurately estimate the relevant
pharmacokinetic parameters for the parent drug and its active metabolites (see the “Reduced PK Study”
Section on Sample Collection and Analysis).

C. Effect of Dialysis on Pharmacokinetics

Dialysis may significantly affect the PK of a drug to an extent that dosage adjustment is appropriate. The
need for dosage adjustment results when a significant fraction of the drug or active metabolites in the body
is removed by the dialysis process. In such cases, a change in the dosage regimen, such as a supplemental
dose following the dialysis procedure, may be required.

For drugs that are likely to be administered to end stage renal disease (ESRD) patients treated with dialysis,
PK should be studied in such patients under both dialysis and nondialysis conditions to determine the
extent to which dialysis contributes to the elimination of the drug and potentially active metabolites. The
assessment of PK in dialysis may be integrated with the pre-dialysis PK study in hemodialysis dependent
patients, as described above, or it may be conducted as a separate study. Primary questions to be addressed
are whether the dosage should be adjusted as a consequence of dialysis and, if so, by how much. The
results of the study also provide valuable insight regarding the value of dialysis for treatment of overdose.

In general, a study of the effect of dialysis on PK may be omitted if the dialysis procedure is unlikely to
result in significant elimination of drug or active metabolites. This is particularly true for drugs that have a
high molecular weight or which have tight binding to plasma proteins that is not affected by impaired renal
function. It also is arguable for drugs and active metabolites that have a large volume of distribution or
primarily nonrenal clearance. If the drug and metabolites have a large volume of distribution, only a small
fraction of the amount in the body will be removed by dialysis. For example, if the volume of distribution
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were greater than 360 L, less than 10 percent of the amount initially in the body could be removed by 3
hours of high flux hemodialysis with an unbound dialysis clearance of 200 mL/min. If the drug and
metabolites have primarily nonrenal clearance, dialysis contributes a relatively small amount to the overall
clearance. For example, if nonrenal? clearance were greater than 125 mL/min, 3 hours of high-flux
hemodialysis with a dialysis clearance of 200 mL/min administered every 2 days would contribute less than
10 percent to the overall clearance.

1. Study Design

As it is most commonly used in ESRD patients, intermittent hemodialysis (HD) is usually the most
important method to be evaluated. Since most dialysis centers in US are currently using a high-flux
dialyzer during the intermittent HD, PK studies are recommended in patients treated with high-flux HD.
The blood flow, dialysate flow, and the make and model of the dialyzer should be recorded. The dialysis
study should cover both the non-dialysis and dialysis sessions.

PK studies should also be considered in other dialysis situations such as continuous ambulatory peritoneal
dialysis (CAPD) if the drug is likely to be used in these patients and these dialysis modalities are likely to
significantly affect the drug PK.

Seriously ill patients with acute renal failure are often treated with continuous renal replacement therapy
(CRRT) rather than intermittent HD. It may be difficult to directly extrapolate the effect of intermittent HD
on the PK of drugs to CRRT. The in vitro data and/or the filter clearance rate (calculating from the drug
concentrations of both arterial side and venous side between the filter) plus the available data from
intermittent HD should attempt to provide appropriate dosing recommendations in these patients.

2. Sample Collection and Data Analysis

Blood samples should be collected pre-dialysis and from blood flowing from the patient to the dialysis
cartridge and from the dialysis cartridge to the patient at appropriate intervals during the dialysis period.
The entire dialysate should be collected, its volume recorded, and a sample retained for drug concentration
analysis. Blood flow through the dialysis cartridge and the make and model of the cartridge should be
recorded.

Plasma (or blood if more suitable) concentrations of the drug and its active metabolites (if any) should be
measured in both blood and dialysate samples and dialysis clearance (CLp) calculated based on the amount
of drug recovered in the dialysate:

Amount Recovered
Clp = AUC t0-t1

where t, marks the start time and t; the termination of the hemodialysis session.

Pre-dialysis and end of dialysis blood samples should also be used to measure drug binding to plasma
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proteins. The fraction of the administered dose that is recovered in the dialysate should be calculated in
order to assess the need for administering supplemental drug doses to hemodialysis patients.

D. Pharmacodynamic Assessments

Whenever appropriate, pharmacodynamic assessment should be included in the studies of renal
impairment. The selection of the pharmacodynamic endpoints should be discussed with the appropriate
FDA review staff and should be based on the pharmacological characteristics of the drug and metabolites
(e.g., extent of protein binding, therapeutic index, and the behavior of other drugs in the same class in
patients with renal impairment).

V. DATA ANALYSIS

The primary intent of the data analysis is to assess whether dosage adjustment is required for patients with
impaired renal function, and, if so, to develop dosing recommendations for such patients based on
measures of renal function. The data analysis typically consists of the following steps:

e Estimation of PK parameters;

e Mathematical modeling of the relationship between measures of renal function and the PK
parameters;

e Development of dosing recommendations including an assessment of whether dosage
adjustment is warranted in patients with impaired renal function.

A. Parameter Estimation

Plasma concentration data and urinary excretion data should be analyzed to estimate various parameters
describing the PK of the drug and its active metabolites. The PK parameters of a drug can include the area
under the plasma concentration curve (AUC), peak concentration (C ), apparent clearance (CL/F), renal
clearance (CLy), apparent nonrenal cleareance (CLnr/F), apparent volume of distribution ( 'V /F), and
terminal half-life (t ). If CL and CLyg are not estimated directly, indirect estimates can be made from
absolute bioavailability studies. The PK parameters of active metabolites can include the area under the
plasma concentration curve (AUC), peak concentration (C ), renal clearance (CLg ), terminal half-life

(t 12). Noncompartmental and/or compartmental modeling approaches to parameter estimation can be
employed.

B. Modeling the Relationship Between Renal Function and PK

The objective of this step is to construct mathematical models for the relationships between the RF, the
measures of renal function, particularly creatinine clearance (CLcr) and relevant PK parameters. The
intended result is a model that can successfully predict PK behavior given information about renal function.
Generally, this involves a regression approach in which RF and the PK parameters are treated as
continuous variables. This is usually preferred to an analysis in which RF is treated as a categorical
variable corresponding to the normal, mild, moderate, and severe renal impairment groups. One commonly
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357  used model is that proposed by Lucien Dettli (Med Clin North Am 1974;58:977-85). In this model, there is
358  alinear relationship between CLcr and renal clearance of the drug but nonrenal clearance (CLyg) remains
359  constant:
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362  The assumption that the CLyg remains constant should be supported by the Full Study Data. However,
363  other models can be used if adequately supported by the data and/or mechanistic arguments.

364  The intent of the modeling procedure is to provide a rational quantitative basis for dosage
365 recommendations in the drug’s labeling. The model itself may be described in the clinical
366  pharmacology section of the labeling.

367  The reported modeling results should include estimates of the parameters of the chosen model as
368  well as measures of their precision (standard errors or confidence intervals). Prediction error

369  estimates are also desirable (e.g., confidence bounds for prediction of clearance for the drug and its
370  active metabolites over a range of RF).

371
372  C. Development of Dosing Recommendations

373  Specific dosing recommendations should be constructed based on the study results using the

374  aforementioned model for the relationships between creatinine clearance and relevant PK parameters.
375  Typically the dose and dosing interval are adjusted to produce a comparable range of plasma

376  concentrations of drug or active metabolites in both normal patients and patients with impaired renal
377  function. Simulations are encouraged as a means to identify doses and dosing intervals that achieve that
378  goal for patients with different levels of renal function. Nomograms will help in providing dose

379  recommendations and can lead to more precise dosing for drugs with a narrow therapeutic index.

380  For some drugs, even severe renal impairment may not alter PK sufficiently to warrant dosage adjustment.
381 A sponsor could make this claim by providing an analysis of the study data to show that the PK
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measurements most relevant to therapeutic outcome in patients with severe renal impairment are similar, or
equivalent, to those in patients with normal renal function.

One approach would be for the sponsor to recommend, prior to the conduct of the studies, specific "no
effect" boundaries for the ratio of a PK measurement from patients with severe and normal renal functions
respectively. If the 90% confidence interval for the ratio of PK measurements fell within these boundaries,
the sponsor could claim "no effect" of severe renal impairment on PK, and it would be reasonable to
conclude that no dosage adjustment is required for renal impairment. The sponsor could determine "no
effect" boundaries from population (or individual) PK-PD relationships, dose-finding studies and/or dose-
response studies which are conducted as part of drug development.

Another approach would be for the sponsor to assume, a priori, "no effect" boundaries of 70-143% for
Cmax and 80-125% for AUC without further justification, recognizing that the limitation for small clinical
sample sizes in renal impairment studies coupled with high inter-subject variability may preclude meeting
these “no-effect” boundaries.

VI. LABELING

The labeling should reflect the data pertaining to the effect of renal function on the pharmacokinetics and
pharmacodynamics (if known) obtained from studies conducted. The various permutations of intrinsic drug
characteristics and the effect of renal impairment on drug performance preclude precise specification of
how such drugs should be labeled. The following comments offer general suggestions on which sections of
the labeling should include standardized information and how such information should be structured.

A. Clinical Pharmacology

1. The pharmacokinetics subsection should include information on the:

e Mechanism of renal elimination (e.g., filtration, secretion, active reabsorption)

e Percentage of drug that is eliminated by renal excretion and whether it is eliminated
unchanged or as metabolites;

¢ Disposition of metabolites in patients with impaired renal function (if applicable);

e Effects of renal impairment on protein binding of parent drug and metabolites (if
applicable);

e Effects of changes in urinary pH or other special situations that should be
mentioned (e.g., tubular secretion inhibited by probenecid);

e [Ifapplicable, the effects of impaired renal function on stereospecific disposition of

enantiomers of a racemic drug product should be described if there is evidence of
differential stereoisomeric activity or toxicity
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415 2. Special Populations Subsection

416 This section should recapitulate, in brief, the pharmacokinetic changes found in various degrees
417 of renal impairment and, if necessary, dosing adjustments for patients with varying degrees of
418 renal impairment. This information should be based on the studies performed as described in this
419 guidance. Reference should be made to the PRECAUTIONS/WARNINGS and the DOSAGE
420 AND ADMINISTRATION sections. The following text provides examples of appropriate

421 wording for these sections.

422 The simplest situation involves drugs for which impaired renal function has little or no effect on
423 PK:

424 Impaired renal function has little or no influence on

425 pharmacokinetics and no dosing adjustment is required.

426 A clinically significant relationship between renal function and the PK parameters may be

427 described in terms of the nomogram shown above or equations, e.g., a linear equation relating
428 clearance and CLcr.

429

430 Protein binding of /metabolite is/is not affected by decreasing renal function. The

431 drug/metabolite accumulates in patients with impaired renal function on chronic administration.
432 The pharmacologic response is/is not affected by renal function. Approximately --- % of the

433 drug/metabolite in the body was cleared from the body during a standard 4-hour hemodialysis
434 procedure. The dosage should be reduced in patients with impaired renal function receiving

435 and supplemental doses should/should not be given to patients after dialysis. (See

436 DOSAGE AND ADMINISTRATION).

437 Alternatively, for drugs whose PK is influenced by renal impairment, the following statement may be
438 modified as appropriate and in accordance with what is known about the drug (e.g., racemate with
439 different activity of stereoisomers, active or toxic metabolite) and from the studies performed in

440 accordance with this guidance:

441  The disposition of was studied in patients with varying degrees of renal function. Elimination of
442  the drug (and metabolite, if applicable) is significantly correlated with the creatinine clearance. Total body
443  clearance of (unbound, if applicable) /metabolite was reduced in patients with impaired renal
444  function by --- % in mild (CLcr = __ - mL/min), --- % in moderate (CLcr =__ mL/min) and --- % in
445  severe renal impairment (CLcr = - mL/min), and --% in patients under dialysis compared to normal
446  subjects (CLcr > mL/min). The terminal half-life of /metabolite is prolonged by ---, ---, and ---
447  fold in mild, moderate, and severe renal impairment, respectively.

448

449  B. Precautions/Warnings

450  Use in Patients with Impaired Renal Function: If the effect of renal impairment resultS in clinically
451  important changes in drug pharmacokinetics, this should be included in the

452  PRECAUTIONS/WARNINGS section with reference to DOSAGE AND ADMINISTRATION
453  section.
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C. Dosage and Administration
As appropriate, the following statement may be considered:

The influence of impaired renal function on pharmacokinetics is
sufficiently small that no dosing adjustment is required.

However, for many drugs, impaired renal function may require dosing adjustments. In such cases, the
following information should be included:

1 A statement describing the relationship between clearance and
endogenous creatinine clearance AS ESTIMATED BY COCKCROFT-GAULT IN ADULTS?.

2 If there is a need for dosage adjustment, either a nomogram such as that shown above or the
following statement may be adapted as appropriate:

dosing must be individualized according to the patient’s renal function status. Refer
to the following table for recommended doses and adjust the dose as indicated. To use this dosing
table, an estimate of the patient’s creatinine clearance (CLcr) in mL/min is required. CLcr in
mL/min may be estimated from a spot serum creatinine (mg/dL) determination using the following
formula:

[140&age (years)]xweight (k)
Clcr. {x0.85 for female patients}

72xserum creatinine (mg/dL)

The serum creatinine should represent a steady-state of renal function. The following
formulas are preferable for children (to be included if the drug has a pediatric indication):

0.45xlength (cm) L
Infants less than one year: CLcr. serum creatinine (mg/dL)

. 0.55xlength (cm) L.
Children 1-12 years: CLcr. serum creatinine (mg/dL)

If also indicated for pediatric patients, the full study should be conducted in pediatrics.

The dosing adjustment regimen should be represented in tabular format (see example below).

Special consideration should be given to combination drug products.
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Group Creatinine Clearance Dosage  Frequency
(mL/min) (mg)
Normal > X Every x hours
Mild =
Moderate =
Severe <
ESRD patients Supplemental dose
using dialysis should be given
after dialysis.

Dosing adjustment should be recommended according to the degree of renal impairment, provided there is
sufficient information to indicate that the pharmacokinetics/pharmacodynamics of the individual
components of the combination product are comparably affected by impaired renal function. In situations
in which this does not apply, the following statement should be adapted:

Because the doses of this fixed combination product cannot be individually titrated and impaired renal
function results in a reduced clearance of component A to a much greater extent than component B,
combination drug should generally be avoided in patients with suspected or documented renal impairment
(see PRECAUTIONS/WARNINGS).

D. Overdosage

Although the primary objective of a hemodialysis study is to evaluate the need for dosing adjustments in
ESRD, additional information regarding the value of hemodialysis in overdose situations may reasonably
be garnered from such studies (if performed). In situations in which this information is known, the
following wording may be adapted as appropriate:

is not eliminated to a therapeutically significant degree by

hemodialysis.
or

Standard hemodialysis procedures result in significant clearance of and should be
considered in cases of life-threatening overdose.
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