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I. Executive Summary
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malignant mesothelioma). The applicant demonstrated a survival advantage with Alimta
and cisplatin in comparison to cisplatin alone.
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I1. Summary of Clinical Pharmacology Findings

Alimta is a novel antimetabolite that inhibits thymidylate synthase, dihydro folate
reductase and glycinamide ribonucleotide formyl transferase, and mediates cell death by
inhibiting DNA synthesis. Alimta plus cisplatin mediates a survival advantage compared
to cisplatin alone in malignant mesothelioma. The main toxicity of Alimta is
neutropenia, but leukopenia, thrombocytopenia, stomatitis, vomiting diarrhea and nausea
were also noted. The pharmacokinetics of Alimta follow a 2-compartment model, and
excretion is predominantly renal. Alimta was not metabolized by any cytochrome P-450,
nor did it inhibit any cytochrome P-450 isozyme. Total systemic clearance of Alimta is
91.8 mI/min and is well correlated with glomerular filtration rate and creatinine clearance
(CLcr) calculated using the Cockeroft-Gault formula. The elimination half-life is 3.5
hours, and no accumulation was noted. The pharmacokinetics of Alimta were not
affected by sex, age or ethnicity. Co-administration of cisplatin did not alter the
pharmacokinetics of Alimta, or vice versa. Co-administration of carboplatin did not alter
the pharmacokinetics of Alimta, but the pharmacokinetics of carboplatin may have been
affected. Folic acid/vitamin B12 did not alter the pharmacokinetics of Alimta, nor did
aspirin at doses of 1.3 mg/day. However, ibuprofen increased Alimta AUC by
approximately 20% at a moderate dose of 1.6 gm/day. Moderate doses of aspirin (1.3

mg/day) did not affect the pharmacokinetics of Alimta. AspisimRenal impairment studies
~ of Alimta as a single agent indicated that the Alimta AUC increased by 130% in patients
with moderate renal impairment (CLcr 30-50 ml/min; n=6), suggesting that neutropenia
might be exacerbated in these patients.
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IV. Question Based Review
A. General Attributes

What are the highlig,;hts of the chemical properties of drug substance and formulation
of the drug product? ‘

Alimta (pemetrexed;MTA;LY231514) is antifolate antineoplastic agent similar to
methotrexate. The chemical name for ALIMTA is N-[4-[2-amino-4,7-dihydor-4-oxo-1H-
pyrrolo [2,3-d]pyrimidin-5-yl)ethyl]benzoyl]-L-glutamic acid disodium salt, which has a
molecular weight of 597.49. The chemical structure is shown in Figure 1.

Chiral

LY231514
(TSI)

Figure 1. The chemical structure of Alimta

. Alimta is available as a lyophilized powder containing 500 mg of Alimta and 500 mg of
" mannitol. Vials are reconstituted with 20 ml of 0.9% saline (USP) and pH may be

adjusted with hydrochloric acid or sodium hydroxide.
What is the therapeutic indication and proposed dosage regimen of Alimta?

Alimta in combination with cisplatin is indicated for the treatment of patients with
malignant pleural mesothelioma whose disease is either unresectable or who are not
candidates for curative surgery. The proposed dosing regimen is 500 mg/m2 of Alimta
. infused over ten minutes, which is followed 30 minutes later with an infusion of 75
" mg/m2 cisplatin over two hours once every 21 days. Treatment is to be preceded with 5
daily oral doses of folic acid and one intramuscular vitamin B12 injection. Vitamin B12
should be repeated once every three cycles. Folic acid should continue during the full
- course of therapy and for 21 days after the last dose of Alimta.

What is the putative mechanism of action of Alimta?



Alimta inhibits thymidylate synthase (TS), which is essential for with DNA synthesis,
and thereby mediates its cytotoxic activity. Alimta also inhibits dihydrofolate reductase
(DHFR), and glycinamide ribonucleotide formy!l transferase (GARFT) (See Figure 2).
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Figure 2. Mechanisms of action for Alimta.

What effectiveness and safety information contributes to the assessment of the clinical
pharmacology data?

The effectiveness of Alimta in the pivotal clinical trial was based on prolonging survival.
In a study of 574 patients with malignant mesothelioma, 448 were evaluable for response.
The secondary endpoint was response rate. Toxicity (adverse events) that were assessed
for Alimita were neutropenia, leukopenia, thrombocytopenia, stomatitis, diarrhea, nausea
and vomiting.

B. General Clinical Pharmacology
What are the effectiveness and safety endpoints?

The primary clinical endpoint in the pivotal trial of Alimta plus cisplatin vs cisplatin
alone was survival. Best overall responses were the secondary endpoint for this study.
Responses were defined as complete response (CR), partial response (PR), stable disease
(SD) or progressive disease (PD) based on tumor size assessed by CAT scan. Two
hundred and twenty six patients were treated with 500 mg/m2 of Alimta and 75 mg/m2 of



cisplatin in the first cycle, compared to 222 who received 75 mg/m2 cisplatin alone.
Thirty-six patients had their doses of Alimta reduced at various cycles.

What are the active moieties in the plasma?

Alimta itself is the active moiety. Alimta does not appear to be metabolized to any
appreciable extent, and it is almost completely excreted intact in urine,

What are the characteristics of the exposure-response relationships of Alimta?
Effectiveness

In the pivotal phase 3 trial, only one dose of Alimta was administered. Consequently, no
concentration-effect relationships could be determined because of the narrow range of
doses and AUCs available in this study. However, proportional hazards regressions
indicated that survival was significantly correlated with Alimta treatment, especially if
the patients were supplemented with folic acid/vitamin B12. Furthermore, complete and
partial responses and stable disease were also correlated with Alimta use.

Toxicity

Neutropenia

The main toxicity associated with Alimta was hematological. Neutropenia was the most
significant toxicity, and was the main cause of dose reductions in the trial (9 of 36 cases).
Alimta was significantly correlated with neutropenia leukopenia, thrombocytopenia,
vomiting, and diarrhea.

The applicant modeied neutropenia in response to single-agent Alimta (based on data
from eight phase 2 studies). Simulations with this model suggested that neutropenia will
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Figure 3a. Simulations of nadir ANC in patients treated with single —agent Alimta.
(from applicant)



increase as AUC increases. These predictions are relatively consistent with the clinical
findings, however, the predictive ability of this model is limited by the use of single-
agent Alimta, and patients with relatively high renal function (>50 ml/min, mild
impairment to normal). As cisplatin itself causes neutropenia, and renal function is
related to Alimta AUC, it would be expected that neutropenia would be more severe with
Alimta and cisplatin co-administration.

Renal toxicity

The data demonstrate a gradual decrease in CLcr over time with Alimta treatment in the
renal impairment study (JMAW), but was not observed in the pivotal clinical trial
(JMCH), despite patients being co-treated with cisplatin, which itself is renal toxic. The
reason for this discrepancy may be the steps prescribed in the JMCH protocol to adjust
doses or delay doses based on toxicity. Further, there was only one patient in study
JMCH whose Alimta dose was reduced due to a reduction in creatinine clearance. A
potentially confounding issue is that the patients predominantly had very high renal
function; therefore, small changes in creatinine clearance that resulted in a lower value
within the defined normal range may not have prompted dose modification.
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The pharmacokinetics of Alimta were linear up to dosages of 700 mg/m2.
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Figure 4. Linearity of Alimta AUC and Cmax (from applicant)

The pharmacokinetics were described by a two-compartment model. Clearance is 91.8
ml/min, volume of distribution is 16.1 L and the elimination half-life of Alimta is 3.5
hours (see figure 5).
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Figure 5 Plasma concentration-vs-time curve for Alimta (from applicant)



Excretion of Alimta was predominantly renal, and completed within 24 hrs.
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Figure 6. Urinary accumulation of Alimta (from applicant)
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Figure 7. Alimta systemic clearance as a function of GFR and CLcr (from applicant)
Clearance of Alimta was well-correlated with renal function. Protein binding was

approximately 80 % over a range of 5 to 200 pug/ml (ADME14), and was unaffected by
mild or moderate renal impairment (JMAW).
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C. Intrinsic Factors

Does renal impairment affect the pharmacokinetics and pharmacodynamics of

ALIMTA?

The sponsor conducted a renal impairment study in patients with advanced cancer
(JMAW). ALIMTA was administered as a 500 or 600 mg/m2 infusion over 10 minutes.
Glomerular filtration rate was measured in patient using Tc99m-DPTA, and creatinine
clearance was calculated using the Cockcroft-Gault equation (CLcr) and CLcr using lean
body mass (CLBM). Dense sampling was conducted over 72 hours in the first cycle of
therapy. Data from forty-seven patients was used in the analysis. The sponsor
demonstrated that the CLcr provided a good approximation of measured renal function
(GFR) as shown in Figure 8.
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'Figure 8. The relationship of creatinine clearance (CLcr) versus measured renal

function (GFR; FDA analysis).
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According to the sponsor’s stratification, (upper normal >80 mi/min, lower normal 60-79
ml/min, moderate 40-59), a 5 to 9-fold difference in ALIMTA CL can be expected
between normal and severe impairment. Folic acid and vitamin B12 had no apparent
effect on ALIMTA pharmacokinetics. Despite the range in CL, the sponsor reported that
ALIMTA was well tolerated, and concluded that no dose modifications were necessary in
these patients with moderate to normal renal function. The only patient with severe renal
impairment (CLcr 19 ml/min) died from drug related toxicity.

These analvses were conducted with patients who were stratified by GFR. However, in
practice, patients will be stratified by CLcr. Thereforg these data were re-analyzed
accordingly, and stratified according to the renal impairment criteria promulgated by the
FDA guidance. According to this analysis, ALIMTA AUC varied with renal function
according to a curvilinear relationship (Figure 9).
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Figure 9. ALIMTA AUC;,sin patients with varying renal function (CLcr; FDA
analysis). '

The ALIMTA Cmax and AUCjys for patients with different renal function are listed in
table 1.

TABLE 1. ALIMTA C;;.x and AUC in patients with Renal Impairment (FDA
Analysis) '
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Renal Function | N Cunax AUC %
(dose-normalized) | (dose-normalized) | change

Normal 21 0.130 £ 0.044 0.193 £0.039 NA

> 80 ml/min

Mild 20 | 0.122+0.054 0.274 £ 0.068 4207

50-80 ml/min

Moderate 6 0.136'+ 0.083 0.448 £ 0.151 13271

30-50 ml/min

Severe 1* 10088 1.182 5121

<30 ml/min

*Patient died from drug-related toxicity

Using the CLcr and FDA criteria, the ALIMTA AUC;,s increased more than 40% in
patients with mild impairment, and 132 % in patients with moderate impairment. The
variability is relatively constant (20-30%) across the groups, suggesting that the mean
AUC;,s estimates are likely fairly accurate. However, there are only six patients with
moderate renal impairment, which is likely too few to adequately assess toxicity.

Two additional issues need to be considered. First ALIMTA is indicated for use in
combination with cisplatin, which itself induces renal toxicity and could reasonably be
expected to exacerbate any ALIMTA toxicity in patients with renal impairment. This
possibility was not addressed in these studies and the need for dose reductions in patients
with renal impairment should be addressed. Secondly, the effect of this combination
should be addressed in multiple cycles of therapy because cisplatin toxicity is generally
manifested after several cycles of therapy. Moreover, the mean renal function in these
patients appeared to decline with each visit (see figure 10). Although this decline in renal
function may have resulted from patients’ diseases, it may also have resulted from
ALIMTA.

115 7

110

105

100 7

Mean Clcr ml/min

95 1

80

T T T T T

0 2 4 6 8 10
~ Visit
Figure 10. Mean Renal Function per visit (FDA analysis).
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A similar phenomenon was observed for some patients treated with ALIMTA and
Cisplatin (see figure 11).
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Figure 11. Renal function by visit from several patients in study JMCH (FDA
 analysis).
Gender did not appear to have any significant effect on ALIMTA exposure.
D. Extrinsic Factors
Is MTA involved in any significant Cycotchrome P-450 based drug-drug interactions?

MTA does not appear to undergo metabolism to any significant extent, and plasma
concentrations of ALMITA are not subject to modulation by inhibitors or inducers of
cytochrome P-450 (CYP 450). Furthermore, in vitro studies indicate that ALIMTA does
not significantly inhibit CYP 3A4, 2D6, 2C9 or 1A2. Therefore, ALIMTA is not
expected to affect the disposition of co-administered medications that are metabolized by
CYP 450 via enzyme inhibition. The potential of ALIMTA to induce CYP 450 isozymes
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has not been determined, therefore it remains unknown whether MTA might cause a
drug-drug interaction based on CYP 450 enzyme induction.

Is MTA metabolized?.

‘No. MTA does not appear to undergo significant metabolism. Preclinical mass balance
studies indicated that the greatest amount of the radio-labeled species excreted in the
urine was unchanged parent (>90% of the administered dose; ADME report 15). The
only metabolite identified in preclinical studies, LY 368942, was not detected in humans.
In humans, unchanged MTA was the major species detected in urine. A metabolite,

LY 338979 accounted for less than 5% of the species detected (based on ion intensity),
and there were trace quantities of several other metabolites that could not be identified
(ADME report 15).

Does MTA inhibit cytochrome P-450 isozymes?

The sponsor tested whether MTA inhibits cytochrome P-450 (CYP450) isozymes 3A,
2D6, 2C9 and 1A2, by incubating MTA with microsomes that specifically expressed each
CYP 450 isozyme. Microsomes were incubated with MTA in concentrations up to 1000
uM (5.79 ug/ml). CYP 3A was inhibited by approximately 20% at an MTA
concentration of 530 ng/ml. However, this is likely not significant because the MTA
Cmax following the prescribed 500 mg/m2 dose of MTA is approximately 100 ng/ml.
CYPs 2D6, 2C9, 1A2 were not significantly affected by MTA at even higher
concentrations (see Table 2).

Table 2. In Vitro Inhibition of CYP 450 Isozymes by MTA

LY231514 Concentration CYP 450 Metabolism
uM (ng/ml) Isozyme % of Control
885 (530) 3A° 79
1000 (597) 2D6' 106
1000 (597) 2C97 93
1000 (597) 1A2¢ 92

*as measured by midazolam metabolism to 1’-hydroxymidazolam
! as measured by bufurolol metabolism to !’-hydroxybufurolol
*as measured by diclofenac metabolism to 4’-hydroxydiclofenac
€ a5 measured by phenacetin metabolism to acetominophen

Does MTA induce cytochrome p-450 isozymes?

This question remains unanswered because the applicant did not conduct any in vitro
studies to address this question. The applicant indicated that enzyme induction seems
unlikely because 500 mg/m2 ALIMTA is administered as a 10-minute infusion once

every 21 days for mesothelioma, and enzyme induction generally requires a more
prolonged incubation.

Is MTA involved in any significant Non-CYP-450 based drug-drug interactions?

15



MTA is predominantly eliminated by renal excretion. Therefore, some of the co-
administered medications may be affected by MTA, and/or vice versa. The sponsor
investigated the effect of co-administering MTA with cisplatin or carboplatin, and
nonsteroidal anti-inflammatory drugs such as aspirin and ibuprofen, and the effect of
simultaneously administered vitamins.

Cisplatin

The potential interactions between cisplatin and ALIMTA were evaluated in two studies.
Study JMAP was a phase 1, dose escalation trial beginning with 500 mg/m2 of ALIMTA
and 75 mg/m2 of cisplatin administered once every 21 days to 15 patients with advanced
“cancers (renal function ranged from 53 to 104 ml/min). ALMITA infusions were 10
minutes in duration, followed 30 minutes later by Cisplatin infusions (2 hrs). Patients
were hydrated before and following the cisplatin infusion (1000 and 2000 m] saline,
respectively) (Treatment A). A second treatment arm was added in which ALIMTA and
cisplatin infusions were separated by 24 hours (Treatment B). Dense sampling for
ALIMTA was conducted over 24 hours in arm A, and over 97 hours in treatment arm B.
Similar sampling was conducted for cisplatin. ALIMTA plasma concentrations and
plasma total platinum were assayed. The results of these studies are listed in Tables 3
and 4 below.

TABLE 3. ALIMTA pharmacokinetics with and without Cisplatin

Parameter Treatment A Treatment B Treatment B
600 mg/m2 (n=4) | 500 mg/m2 (n=6) | 600 mg/m2 (n=5)
F_Qm‘ (ug/ml) 83.1 21%) 72.2 (49%) 97.1 21%)
CL (ml/min/m2) 67.2 (33%) 90.1 (63%) 77.0 30%)
T]/z (hl') 34 28 3.1

TABLE 4. Cisplatin (total platinum) pharmacokinetics with and without ALIMTA

Parameter Treatment A Treatment B
75 mg/m2 (n=4) | 75 mg/m2 (n=7)
Cinax (ug/ml) 2.58 (17%) 2.62 (49%)
CL (ml/min/m2) 9.31 (65%) 7.12 (29%)
Ty (hr) 50.4 67.1

No significant interactions between ALIMTA and cisplatin could be observed in this
study.

The interaction between cisplatin and ALMITA was also studied as a part of the
- phase 3 pivotal trial using a population pharmacokinetic approach. Mesothelioma
patients were treated with 500 mg/m2 of ALIMTA and 75 mg/m2 of cisplatin
administered once every 21 days. ALMITA infusions were 10 minutes in duration,
followed 30 minutes later by Cisplatin infusions (2 hrs). The median clearance of
- ALIMTA was 88.4 ml/min (48.8 ml/min). Inclusion of cisplatin as a covariate to
describe ALIMTA clearance had no significant effect. Volume of distribution, however,
was reduced significantly by 31%. The clinical significance of this finding is unclear.
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Similarly, the cisplatin clearance in this study was measured as 12.3 ml/min (total
platinum). This clearance was also unaffected by the inclusion of ALIMTA as a
covariate.

Carboplatin

Potential pharmacokinetic interactions between MTA and carboplatin were evaluated in a
phase 1 study (JMUA) of 20 patients with pleural mesothelioma. This trial was a phase 1
study of escalating doses of ALIMTA administered as a 10-minute infusion followed 30
~minutes later by a 30-minute infusion of carboplatin. Both treatments were repeated
every 21-days. Starting ALIMTA doses were 400 mg/m2, and carboplatin was dosed to a
target- AUC of 4 mg/mlemin. Both ALIMTA and carboplatin were densely sampled (13-
14 samples over 24 hours) in the first cycle. Total platinum in plasma was assayed for
carboplatin, and the AUCy., for platinum ultrafiltrate was derived using the Ghazal-
Aswad method (1996). There was no period when ALIMTA or carboplatin were
administered alone. Results from these studies were compared to historical data. The
pharmacokinetics of ALIMTA were similar to parameter estimates observed from other

phase 1 studies which suggest that carboplatin does not alter ALIMTA in patients with
normal renal function, at least in the first cycle of therapy.

TABLE 5. ALIMTA CLEARANCE

Study ALIMTA Dosage | CL ml/min/m2
1 IMAU 400 72.8
' 500 49.5
600 45.0
JMAB 40 58.3
IMAA 525 49.3
600 45.0
700 45.9
IMAW 500 46.7
' 600 47.2

The results for total carboplatin suggest that ALIMTA increases the clearance of
carboplatin (see Table 6).

TABLE 6. Carboplatin Pharmacokinetic Parameters

Study CL (L/hr) |V (L) Ty (hrs)
JMAU 8.16 129 15.6
Paraplatin Labeling | 4.4 16 3-6

Lee et al 1988 4.3 NA 14.7
Oguri et al 1988 3.7-6.3 NA 1.3-1.7

The sponsor concluded that total carboplatin pharmacokinetics were not reliable because
only two sampling times were available to assess terminal elimination. Instead they

17



calculated free platinum in the plasma ultrafiltrate as a function of the 24-hour total
carboplatinum sample using the Ghazal-Aswad method. The resulting platinum
ultrafiltrate AUC is 108 pg/mlemin is within the range of values reported in the Ghazal-
Aswad report for patients dosed with 400 mg/m?2 carboplatin{ —  pg/mlemin).
The reliability of this approach is questionable, because it depends on the accuracy of a
single sample per patient instead of the entire data set. Furthermore, in the Ghazal-
Aswad study only S patients were dosed with 400 mg/m2 carboplatin, therefore the
vahdation of this approach is not satisfactory.

Overall, the study appears to indicate that ALIMTA pharmacokinetics are not
significantly affected by carboplatin, at least not during the first cycle of treatment.
ALIMTA elimination may be affected by carboplatin in later cycles of therapy. These
data suggest that ALIMTA increases the clearance of carboplatin, which could lead to
underexposure of carboplatin. The mechanism of this interaction is unclear, and the
interpretation of the study is hampered by lack of an appropriate in-study control.

Non-Steroidal Anti-Inflammatory Drugs (NSAIDS)
Aspirin

Aspirin has a known effect on the pharmacokinetics of methtrexate, a congener of
ALIMTA. A phase 1 study in 24 patients with advanced cancer was conducted to assess
the effect of aspirin on the pharmacokinetics of ALIMTA. The patients also had varying
degrees of renal impairment (JMAW(2b)). The mean creatinine clearance was 119
ml/min (range: —— “ml/min). The study was a two-way crossover design to
facilitate comparison of ALIMTA PK in the presence and absence of aspirin. ALIMTA
was administered as a 500 mg/m?2 infusion over 10 minutes once every 21 days. Enteric-
coated aspirin was administered as 325 mg every 6 hours 2 days before ALIMTA
administration (1.3 g/day), and then one tablet was administered one hour prior to
ALIMTA administration. Twelve samples for ALIMTA were obtained over 72 hours.
Aspirin concentrations were not assessed. The results of the study are listed in Table 7.

TABLE 7. ALIMTA Pharmacokinetics with/without Aspirin

Parameter ALIMTA alone | ALIMTA+ aspirin
Crnax (pg/mi) 114+ 28.1% 111 +28.8%
AUCq. (pgehr/ml 170 £ 33.1% 170 + 28.1%
CL (ml/min/m2) 53.8+29.2% 52.8 +28.5%
T,» (hrs) 2.73+31.9% 2.85+25.3%

These data suggest that there is no significant effect of aspirin on ALIMTA
pharmacokinetics. However, the study does not assess a potential interaction with more
prolonged exposure to aspirin, nor does it truly assess the effect that renal impairment
may contribute as there were only three patients with mild renal impairment (the
remaining patients had normal renal function). Additionally, the dose used in this study
(1.3 g/day) is moderate compared to the potential amount of aspirin that might be
administered to these patients (2.5 to 3.9 g/day). These latter doses were the doses in
which the methotrexate-aspirin interaction was observed. Therefore, interactions at
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higher doses may be possible. Another shortcoming of this study is that the effect of
ALIMTA on salicyclate excretion was not assessed. Renal excretion of salicyclate may
be 30%, and it increases as the dose of aspirin increases. Therefore, the potential for
ALIMTA to affect salicyclate excretion should also be addressed.

Ibuprofen

Ibuprofen has a known effect on the pharmacokinetics of methotrexate, a congener of
ALIMTA. A phase 1 study in 24 patients with advanced cancer was conducted to assess
the effect of ibuprofen on the pharmacokinetics of ALIMTA. The patients also had
varying degrees of renal impairment JMAW(2b)). The mean creatinine clearance was
115 mi/min (range: .~  ml/min). The study was a two-way crossover design to
facilitate comparison of ALIMTA PK in the presence and absence of aspirin. ALIMTA
was administered as a 500 mg/m2 infusion over 10 minutes once every 21 days.
Ibuprofen was administered as 400 mg (2-200 mg tablets) every 6 hours for 2 days before
ALIMTA administration (1.6 g/day), and then 400 mg was administered one hour prior to
ALIMTA administration. Twelve samples for ALIMTA were obtained over 72 hours.
Ibuprofen concentrations were not assessed. The results of the study are listed in Table 8.

TABLE 8. ALIMTA Pharmacokinetics with/without Ibuprofen

Parameter ALIMTA alone | ALIMTA+ ibuprofen
Cmax (pg/ml) 105 £ 31.3% 121 £27.9%

AUCq... (ugehr/ml 166 + 23.6% 208 +26.3%

CL (ml/min/m2) 52.5 +£24.4% 43.0£27.2%

T (hrs) 29%+19.5% 29+16.2%

These data indicate that there is a statistically significant increase in ALIMTA AUC
(~20%) and Cpx (~15%), and a significant decrease in CL (~17%). In this case as well,
the study does not assess a potential interaction with more prolonged exposure to
ibuprofen, nor does it truly assess the effect that renal impairment may contribute as there
were only two patients with mild renal impairment (the remaining patients had normal
renal function). Additionally, the dose used in this study (1.6 g/day) is moderate
compared to the potential amount of ibuprofen that might be administered to these
patients. Previous studies have shown that ibuprofen doses of 2.4 to 3.6 g/day induced a
40% reduction in total and renal clearance of methotrexate (Tracy 1992). Therefore,
interactions at higher doses may be possible.

S-Fluorouracil (5-FU)

The effect of ALIMTA on 5-FU (and vice versa) was to be studied in a phase 1 study of
this drug combination in patients with locally advanced or metastatic cancer (JMAR).
However, the third amendment to the protocol removed the pharmacokinetic objective
from the study, and data was collected for only 2 patients. Consequently, potential drug-

drug interactions for this combination have not been examined.

Vinorelbine
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The effect of ALIMTA on vinorelbine (and vice versa) was to be studied in a phase 3
study of this drug combination in patients with locally advanced or metastatic non-small
cell lung cancer JMBQ). However, the study was terminated prematurely due to low
enroliment, and data was collected for only 3 patients. Consequently, potential drug-drug
interactions for this combination have not been examined.

E. General Biopharmaceutics

The BCS, bioavailability and bioequivalence issues relevant to per oral formulations do
not apply to ALIMTA as it is a reconstituted lyophilized or aqueous solution for
intravenous administration.

F. Analytical Section

The sponsor submitted method validation studies for MTA, cisplatin, carboplatin, and
folic acid.

MTA (ALIMTA)

Several assays were submitted for MTA quantification. Overall, there were two basic
assays, one based on LC/MS/MS and the secondwas —— . The. — assay
consisted of three parts.

Method — was the LC/MS/MS method that assayed MTA concentrations from- —
— ) ng/ml in human plasma. No interfering peaks were observed at the retention

time for MTA. The limit of quantification (LOQ) was —ng/ml, and the accuracy and

precision measurements were below . —%. The accuracy of the QC samples were also

less than — Y for the room temperature (up to 24 hours) and autosampler.  ——

stability tests. The precision of the low QC sample ( —ng/ml) following three freeze-

thaw cycles was slightly high \-—%), but this is not likely problematic. The accuracy and

precision of the high QC samples was less than — %.

Method ~— 3 was the LC/MS/MS method that assayed MTA concentrations from
—_— "ng/ml in human plasma. No interference peaks were observed at the
_retention time for MTA. The limit of quantification (LOQ) was — 1g/ml, and the
accuracy and precision measurements were below ~%. The accuracy of the QC samples-
were also less than — % for the room temperature and autosampler stability tests. The
accuracy and precision of the low and high QC samples( —— ng/ml) following
three freeze-thaw cycles was ~ % or less.

Method. ~—  was the LC/MS/MS method that assayed MTA concentrations from

L — ng/ml in human urine. No interference peaks were observed at the
retention time for MTA. The limit of quantification (LOQ) was — ) ng/ml, and the
accuracy and precision measurements were below — 5. The precision of the low QC
sample ¢ — ) ng/ml) at 4 hours was slightly high ( — %) and the accuracy at 24 hours
was — % at room temperature. However, the remaining measurements of accuracy and
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precision at 4 and 24 hours were less than — , for the room temperature and autosampler
stability tests. The accuracy and precision of the low and high QC samples (
— ng/ml) following three freeze-thaw cycles was — o.

Method E— Feb94 was a HPLC method with ultraviolet (UV) detection.
Human plasma concentrations of MTA were measured over ranges of | ——_

_ The accuracy and precision for each
concentration range was less than 5. No interference was detected at the retention time
of MTA or its internal standard. The limit of quantification was — ng/ml, where accuracy
and precision were less than —%. No freeze-thaw, room temperature or autosampler
stability data was reported.

Method —~ -01Jul94 was a HPLC method with ultraviolet (UV) detection.
Human urine concentrations of MTA were measured over ranges of .

— _ . The accuracy and precision for each concentration range was = *% or less.
Some interference was detected at the retention time of MTA. The signal to noise ratio
for the interference was equivalentto — ug/ml MTA. The sponsor set the limit of
quantification as— 1g/ml, however, according to the Bioanalytical Method Validation
Guidance, the LOQ should be set at S x higher than the interference, or —~ ag/ml. The
sponsor reported that MTA urine concentrations of . ug/ml were stable
when frozen at, —— ’C. However no data was provided nor was the timeframe
defined. The sponsor also reported that MTA degraded after an unspecified period at
room temperature, and incorporated storage of samples on ice into the method. Again no
data was reported.

MTA alone was assayed in these studies because greater than 90% of radiolabeled MTA
was excreted in the urine as unchanged parent. Similar observations were made for MTA
in humans. The main metabolite produced is M1 (LY 338979) which accounted for less
than 5% of the dose based on the relative ion intensity (ADME report 15). Total plasma
concentrations of MTA were assessed, as plasma protein binding is not considered very
high (80%; ADME reports 14 and 21).

No long term stability data for MTA was provided in any of the studies. Therefore, it is
unclear how long the samples can be reliably stored. No formal cross-validation studies
were performed to determine whether one method was biased relative to the other.
However, the effect of the assay was a covariate that was explored in the population PK
analysis of MTA; no effect was detected, suggesting that both methods provide accurate
unbiased MTA quantification.

CISPLATIN
The sponsor submitted two method validation studies for cisplatin analysis.
Method — is an atomic absorption spectrophotometric assay. Human plasma

concentrations of platinum (Pt), derived from Cisplatin, were measured over the
concentration range of . ng/ml. The LOQ was — ng/ml. No interference
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with Pt was detected in blank plasma (ultrafiltrate). No interference in the quantification
of Pt by MTA at concentrations of ng/ml was detected. Accuracy
and precision were less than ~—'% at all concentrations. Low and high concentration
samples were within — ’ of starting concentrations stable after 2 freeze-thaw cycles.

Method —— (22-Feb-99) is an atomic absorption spectrophotometric assay. Human
plasma concentrations of platinum (Pt), derived from Cisplatin, were measured over the
concentration range of.  —— ng/ml. The LOQ was— ng/ml. No interference
with Pt was detected in blank plasma. No interference in the quantification of Pt by MTA
at concentrations of — ng/ml was detected. Accuracy and precision were
less than .—% at all concentrations. Low and high concentration samples were within —
% of starting concentrations stable after —"reeze-thaw cycles.

CARBOPLATIN

Method ~—  (Dec 2000) is an atomic absorption spectrophotometric assay. Human
plasma concentrations of platinum (Pt), derived from Carboplatin, were measured over
the concentration range of —— ng/ml. The LOQ was —— ng/ml. No
interference with Pt was detected in blank plasma. Accuracy was within — "% at all
concentrations. Precision was between = ——  %. Samples were reported to be stable

" at _— days. Samples were reported to be stable for . == :on the

benchtop, and following freeze-thaw cycles (data not reported).

All of the platinum assays reported were based on total platinum in plasma. This
approach is acceptable for Carboplatin, which largely remains unchanged until it is
excreted renally. However, Cisplatin rapidly undergoes hydrolysis upon administration
and gives rise to a number of protein platinum adducts. Previous pharmacokinetic studies
have quantified total platinum in plasma ultrafiltrate, based on the belief that this is the
only (remaining) platinum species that can mediate an effect. Therefore, it is unclear
whether changes total platinum in plasma reflect changes in the biologically active
moiety.

FOLIC ACID

Method —_— is radioimmunoassay based on an anti-rabbit IgG raised against
folic acid. Human plasma concentrations of folic acid were measured over the
concentration range of — ng/ml. The LOQ was . — ng/ml. Cross-reactivity
screeéning indicate that the assay was approximately ten-fold more selective for folic acid
than its metabolites tetrahydrofolate and tetrahydrofolic acid. The assay was ™~ more
selective for folic acid than for MTA. Accuracy and precision were within — % at all
concentrations. Samples were reported to be stable at - (no data).
Samples were reported to be stable for -~ on the benchtop, and following 3 freeze-
thaw cycles (data not reported).

JMCH: ALIMTA plus Cisplatin—RF in at least 10 cycles

22



References

Lee EJ, Egorin MJ, Van Echo DA et al Phase 1 and Pharmacokinetic Trial of Carboplatin
in Refractory Adult Leukemia. J Natl Cancer Inst 1988 80:131-135.

Oguri S, Sakakibara, Mase H, Shimizu T. et al Clinical Pharmacokinetics of Carboplatin.
J Clin Pharmacol 1988 28:208-215.

APPEARS THIS WAy
ON GRIGINAL

APPEARS THIS WAY
GH ORIGINAL

23



- 3 - pagés redacted from this section Of.
- the approval package consisted of draft labeling




~ ' 7 __pages redacted from this section of‘
- the approval package consisted of draft labeling




Redéc';ted |
‘pages of trade
secfét and/or
¢confidential

commercial

‘information



PPK
Studies IMAC, IMAD, JMAD, JIMAH, IMAL, JMAJ, IMAK, IMAM, JMAL, JMBR

Table POPK.6.1. Cancer Types for Studies Included in the Population
Pharmacokinetic Analyses

Study Code Cancer Type
H3E-MC-JMAC Metastatic Colorectal Cancer
H3E-MC-JMAD Metastatic Pancreatic Cancer
H3E-MC-JMAG  Locally/Regionally Recurrent or Metastatic Breast Cancer
H3E-MC-JMAH Esophagus Cancer
H3E-MC-JMAI Metastatic Renal Cancer :
H3E-MC-JMAJ Locally Advanced or Metastatic Head and Neck Cancer
H3E-MC-JMAK Advanced Bladder Cancer
H3E-MC-JMAL Non-Small Cell Lung Cancer
H3E-MC-JMAM Cervical Cancer
H3E-MC-JMBR Non-Small Cell Lung Cancer (in patients who have failed
~_previous chemotherapy)

3 phase 1 studies.
JMAA: 10-min infusion qlwk every 21 days.
JMAB: 10-min infusion Q1wk x 3, then 3wks of rest

BPO01: 10-min infusion daily for 5 days, then 16 days of rest; kinetics different in this
- study.

Objectives
o Overall disposition of mTA
.o Identification of covariates
e Characterization of between and within patient variability.

V:15L
T1/2 2-5 hrs. (525 to 700 mg/m2)

Methods

Formulation: 40 ml aqueous solution 200 or 1000 mg
-Dose: initial dose was 500-600 mg/m2 every 21-days

PPK: 287 patients, 1596 samples, 159 men, 128 women from phase 2 studies
Index dataset: IMAC, IMAD, IMAG, IMAL, IMAJ, JIMAK, IMAM
Validation dataset: JIMAL, JMBR

_.Samples

Sparse sampling during cycles land 2.
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Table POPK 8.1. Studies Included in the Population Pharmacokinetic

Analyses
Number of
Pbarmacokinetic Patients
Study Cancer LY231514 Doses and Blood Sampling Pharmacokinetic
Code Type _ Duration of Infusi Collection Intervals Assessment
Indey Dataset:
IMAC  Colorectal 32410 1422 mg 0-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs I1SF,24M
(150 to 684 mg/m?)
0.15t0 0.27 hours
JMAD  Pancreatic 485 t0 1494 mg 0-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs 16F, 19 M
(392 t0 838 mg/m2)
0.13 10 0.25 hours
JMAG  Breast 500 to 1260 mg 0-2 hrs, 2-6 hrs, 6-12 hrg, 12-36 hrs 25F

(291 to 612 mg/m2)
0.17 10 0.25 hours
JMAH  Esophagus  650101320mg  0-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs 4F,TM
(448 t0 639 mg/m?)
0.15 10 0.2 hours
JMAI  Remal 96010 1316mg  0-2hrs, 2-6hrs, 6-12hrs, 12-36 ks~ 6F,21M
(563 to 631 mg/m?) :
0.17t0 1.5 hours )
JMA)  Headand $55 10990 mg ~9.5 minutes (end of infusion), 3F,23M
Neck ' (35410601 mg/m?)  1-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs
0.05 16 0.33 hours
JMAK  Bladder 562101128 mg ~9.5 minutes (end of infusion), 14M
(37410613 mg/m?)  1-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs
0.17 10 0.25 hours
JMAM  Cervical 470101120mg  0-2hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs 32F
(338 to 617 mg/m?)
0.151t00.18 hours
Overall 324101494 mg 101 F, 108 M

(150 to 838 mg/m?)
0.05to 1.5 hours

Validation Dataset:
JMAL Non small 270101320 mg 0-2 hrs, 2-6 hrs, 6-12 hrs, 12-36 hrs 19F,36 M
cell Lung (150 to 648 mg/m2)
0.15 10 0.35 hours
JMBR  Non small 244101150 mg ~%.5 minutes (just prior to end of 8F,15M
cell lung (126 10 510 mg/m?) infusion), 1-4 hrs, 8-12 hrs
0.17t00.23 hours
Overnll 24410 1320 mg 27F,51M
(126 to 648 mg/m?)
0.15 to 0.35 hours

Table POPK.9.1. Summary of Baseline Age, Body Surface Area, Weight and
Cockcroft-Gault Creatinine Clearance for LY231514-Treated
Patients in the Index and Validation Datasets

Ages BSA:® Weight s CGCL»
(vears) (md) (kg) _(mL/min)
Index Dataset '
(n=209)
Range 263-79.1 1.26-2.50 34.0-138 44.3 -225
Mean (CV as %) 571.3(19) 1.76 (14) 68.3 (25) 96.9 (32)
Validation Dataset
(n=178)
Range 36.6-80.2 1.28-2.35 36.0- 127 40.7 - 162
Mean (CV as %) 60.6 (16) 1.78 (12) 69.3 (23) 92.8 (27)

» Bascline patient characteristics
Abbreviations: BSA = Body Surface Area; CGCL = Cockcroft-Gault creatinine clearance.
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Table POPK.9.3.

Summary of Ethnic Origin for LY231514-Treated Patients in
the Index and Validation Datasets

Index Validation
Ethnic Group Dataset Dataset
Caucasian 160  (77%) 59 (76%)
African Descent 35 (17%) 3 (%)
Asian 2 (%) 3 (4%)
Hispanic 2 (1%) 0
Other 8 10 (5%) 13 (17%)
Nb 209 e

8 Undefined ethnic origin. )
b N = total number of patients included in the pharmacokinetic analyses.

Analysis
HPLC/UV: JMAC, IMAD, IMAG, JMAH

LC/MS/MS: IMAL JMAJ, IMAK, JMAL, JMAM and JMBR
Cockcroft-Gault CLcr

CGCL = [(140-age(years))x weight(kg))}/(72xserum creatinine concentration (mg/dL)
Multiply by 0.85 for females.

- Lean Body Mass
LBM(kg)= {0.3281 x weight (kg)] + [0.33929 x height(cm)]-29.5336

LBM(kg)=[0.29569 x weight (kg)] + [0.41813 x height(cm)]-43.2933 for females
CLBM = [140-age (years) x LBM]
Modeling
"Base model: ,
Two compartment model based on previous experience and index set data. Once defined,
covariates added to model. Used IMAA, JMAB, BPOO1. ADVAN 3
Missing Data
Datasest with missing dates or times were excluded from analysis. Patient demographic
data were imputed if missing at subsequent visits.

Outliers: points deleted if physiologically implausible.

Tried FO, FOCE and FOCE/I
Tried additive, proportional and combined error models for variability and residual error.
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Covariates: Effect of

P =01+ 02xCOV
P =61 x (1+ 62xCOV)
P=01xCOoV%

Table POPK.8.2.

Patient Factors Assessed in the Population

Pharmacokinetic Analysis

Continuous Variables Categorical Variables

Age Alcohol use '

Alanine Transaminase (ALT) Assay method (HPLC/LCMSMS)

Albumin Ethnic origin

Alkaline Phosphatase Folate Status (as assessed by Homocy_stcfne, .
Aspartate Transaminase (AST) Methyimalonic Acid, Cystathionine, and
Body Mass Index Methyicitrate I and II)

Body Surface Area Gender

Body Weight Smoking status

Creatinine Clearance (estimated by Cockcroft-Gault
formula using age, weight, and serum creatinine )
Creatinine Clearance (estimated by Cockcrofi-Gault
formula using age, lean body mass, and serum
creatinine )

Dose

Serum Creatinine

Total Bilirubin

Total Protein

Treatment cycle (cycle =1 versus cycle >1)

Covariates were selected sequentially, if they reduced MOF by 3.841 points.

Final model

Some covariates were confounded. CGCL had a large effect because MTA is renally
excreted. All covariates tested with CGCL. Covariates identified were then sequentially
removed to evaluate their impact. Covariates were retained if removal changed MOF by

10.828

Sensitivity Analysis

Parameters were fixed at population mean +/- 5 to 40% and estimating all other

parameters.

Leverage analysis based on 10 subsets

Index set data used to data from validation set. Used index set population mean to assess
valdiation set. Calculated MPE, MSPE and MRE (bias)

Final Model
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Tabie 1 {continued) Covarlate identification (Part I}, Covariates individually on Each Pharmacokinetic Parameter
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Figure POPK.9.3. Observed LY231514 Concentrations in Plasma Versus Time -
from Start of infusion (al! doses)

Goodness-of-fit assessment for the final model
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Figure POPK.9.7. Predicted Concentrations and Weighted Residuals for Final
LY231514 Model

Individual Patient Concentration vs time.
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Table POPK.9.5.a.  Pharmacokinetic Parameters in Base Population Modsl for

LY231514
Population Between-Patient
Parameter Description Estimate Variability
. (%SEE) (%SEE)

Clearance

Parameter for CL (mmL/min) 91.6 (2.36) 25.8%(11.3)
Central Volume of Distribution

Parameter for Vi (L) 12.9 (3.86) 24.0% (23.7)
Intercompartmental Clearance

Parameter for Q (mL/min) 144 (17.9) -
Peripheral Volume of Distribution :

Parameter for V, (L) 3.38(11.0) 26.0% (22.1)
Residual Error (proportional) 28.2% (9.26)

Abbreviations: SEE = standard error of the estimate
Method: FOCE with interaction

Table POPK.9.5.b. Pharmacokinetic Parameters in Base Population Model for
LY231514 (BSA-normalized model parameters)

Population Between-Patient
Parameter Description Estimate Variability
(%SEE) (%SEE)

Clearance

Parameter for CL (mL/min/m2) - 52.4 (2.31) 26.0% (11.6)
Central Volume of Distribution

Parameter for V; (L/m2) 7.33 (3.49) 19.4% (27.7)
Intercompartmental Clearance

Parameter for Q (mL/min/m2) 8.70 (15.6) —
Peripheral Volume of Distribution

Parameter for V; (L/m2) 2.00(9.5) 26.2% (19.5)
Residual Error (proportional) 27.7% (9.16)

Abbreviations: SEE = standard error of the estimate
Method: FOCE with interaction

APPEARS THIS WAY
ON ORIGINAL
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Effect of different assays tested. No effect on residual error or MTA CL therefore,
concluded that no sig diff between the two assays.

200 1 Regression Line:
180 A ’ CL =43 + 47.2:CGCL/92.6
160
140 {
=
5 120 4 .
E 400
o
80
60 4
. . . © indvidusl Esimates
40 - of LY231514 CL
—— Rogression Line
20 ° L T T T T —— al
0 50 100 150 200 250 300

Estimated Creatinine Clearance (CGCL; mlL/min)

3.4. Relationéhip between creatinine clearance and LY231514 CL

63% decrease in CGCL reduces MTA CL by 32%.

26
O Individusl Estimates

24 of LYZ3I514 V,

22 4 ——— Fitted Curve (power modal)

Fitted Curve: A

=2 161 , V, =6.13-85A'¥
= 14{ ,

————

1.0 15 20 25 3.0
Body Surface Area (m?)

)5.  Relationship between body surface area and LY231514 V4

- BSA affected V1, which is expected to affect Cmax, but not t1/2 or AUC.

Folate deficiency

5 patients had a single folate defiecient cycle. Compared to 178 treatment cycles, CL
decreased by 33% (change in MOF of 28.7). This effect was not retained in the model.
Defined as homocysteine > 13.9 pM, cystationine. 342 nM, and methylmalonic acid> 73
but <271 nM.
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Gender, Age, race: no effect on MTA
Gender on CL, V1 and V2 MOF <10.8
Age MOF <3.841

Ethnicity MOF <10.828. Only 5 Asian and 2 Hispanic patients. 11% African American,
76% Caucasian. '

Smoking, alcohol and dose did not abpear to affect MTA PK.
CL decreased by 4% and V1 increased by 10% in later cycles of therapy. Although
significant changes, not considered clinically important.

Final Model
-
Table POPK.9.6. Pharmacokinetic and Covariate Parameters in Final
Population Model for LY231514
, Population Between-Patient
Parameter Description . Estimate Variability
(%SEE) (%SEE)

Clearance .

TVCL, base parameter for CL (mL/min) 43.0(16.6) 19.3% (14.1)

©,, parameter for effect of CGCL on CL (mL/min)* 47.2(14.8)
Central Volume of Distribution

TVV]1, base parameter for V) (L) 6.13(9.04) 16.6% (29.3)

©,, parameter for effect of BSA on V;° 1.32(11.6)
Intercompartmental Clearance

Parameter for Q (mL/min) 14.5 (17.6) -—
Peripheral Volume of Distribution ’

Parameter for v, (L) 3.38(10.9) 24.5% (24.6)
Residual Error (proportional) 28.4% (8.22)

* CL =TVCL + ©,¢CGCL/92.6 where 92.6 is the median baseline CGCL.
® V|=TVV]eBSA®2
Abbreviations: SEE = standard error of the estimate.
Method: FOCE with interaction
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Figure POPK.9.7. Predicted Concentrations and Weighted Residuals for Final
LY231514 Model

Higher concentrations not well predicted by model. Sponsor speculated that samples
may have been taken from infusion arm.

Sensitivity analysis suggests that the final model was appropriate, based in 95% CI for

sensitivity that are often narrower than actual measurements based on error of the
estimates. : ‘

Table POPK.9.7. Confidence Intervals (95%) for LY231514 Population

Pharmacokinetic Parameter Estimates
(Index Dataset)
Calculated * Parameter Seusitivity
Parameter 95% Confidence Interval 95% Confidence Interval
Parameter Estimate Lower Upper Lower  Upper
Basc parameter for CL (mL/min) 43.0 29.0 570 349 51.0
Base parameter for V (L) 6.13 504 722 5.14 734
Q (mL/min) 14.5 9.50 19.5 11.5 18.0
Vi (L) 338 2.66 4.10 2.92 3.87
CGCL on CL 47.2 335 60.9 393 55.7
BSAonV, 1.32 1.02 1.62 1.02 1.61
Between-Pt Var oo CL 0.0374 0.0271 0.0477 0.0293 0.0478
Between-Pt Var on V) 0.0277 0.0118 0.0436 0.0159 0.0441
Between-Pt Var on V; 0.0602 0.0312 0.0892 0.0425 0.0848
Residua} Enar - 0.0807 0.0677 0.0937 0.0729 0.0900
» Siandard calculation for 95% confidence interval: Parameter Estimate £ 1.96 - Std. Error from
NONMEM. :

Abbreviations: CL = clearance; V) = central volume of distribution; Q = intercomp 5
V3 = paripheral volume of distribution; CGCL = creatinine clearance; BSA = body surface area;
Pt = patient; Var = variability.

Leverage
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Table POPK.8.8. Range of Pharmacokinetic Parameter Estimates Obtained
From Leverage Analyses in Comparison to Parameter
Estimates and 85% Confidence Intervals
(Index Dataset)

Parameter Sensitivity Leverage Analaysis
95% Conf Interval Range of Values

Parameter Estimate  Lower Upper Analysis 1 Analysis 11

Base parameter for CL (ml/min) 43.0 349 51.0 37.8-47.2 40.5-452

Base parameter for V) (L) 6.13 5.14 734 5.70-6.40 5.86-6.51

Q (mL/min) . 145 115 . 18.0 12.7-16.0 13.0-158

Va2 L) 338 2.92 3.87 3.15-3.56 3.17-3.54

CGClL on CL 47.2 393 55.7 443-530 45.5-49.5

BSA on V) 132 1.02 1.61 122-147 1.22-1.42
Between-Pt Var on CL 0.0374 0.0293 0.0478  0.0340-0.0406 0.0318-0.0396
Between-Pt Varon V) 0.0277 0.0159 0.0441  0.0237-0.0323 0.0223-0.0310
Between-Pt Var on V3 0.0602 0.0425 0.0848  0.0510-0.068! 0.0534 - 0.0645
Residua) Error 0.0807 0.0729 0.0900  0.0775 - 0.083C 0.0753 - 0.0836

Abbreviaticns: CL = clearance; V; = central volume of distribution; Q = intercompartmental clearance;
V = peripheral volume of distribution; CGCL = creatinine clearance; BSA = body surfice area;
Pt = patient; Var = variability.

€4 .

XY

Base Parameter for CL (mUmin)
S
w
L 8
T —

32 T + T v ———— T T
Run# 2 4 6 8 10 12 14 16 18 20

» + « Population Estimate from Final Model

11111} 95% Confidence Intervel of Population Estimate
& Leverage Analysis 1 (Runs 1-10)
O Leverage Analysis 2 (Runs 17-20)

8. Estimates ot the Base Farameter for CL. from Leverage
Analyses

Predictive ability: v.a]idation data used with final model and population means from index
data set.
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igure POPK.9.9. Predicted Concentrations and Weighted Residuals for Final
LY231514 Model Applied to Validation Dataset

Open circles represent the validation dataset; crosses represent

the index dataset.
Table POPK.9.9. Comparison of Prediction Errors: Index and Validation
Datasets
Index Dataset Validation Dataset

MPE 133 1.44

MSPE 140 198

MRE 0.112 ] 0.102
Abbreviations: MPE = mean prediction error; MSPE = mean squared prediction error; MRE = mean

relative error.

Further comparison of CL based on fixed parameter using validation set with estimated
parameters from the validation set show validity of the model.

Probebility
0.008 0010 0015 0020 0.025
~ "

— T T T 1

[} 50 100 150 200
Cleararce {miimin)

POPK8.10.  Frequency distribution of indlvidua! estimates of LY231514
cisarance

Reavy solid curve: Log-normal distribution of individua! CL estimates from
the index daaset
Solid curve: Log-norma) distribution of individual CL

i from the validation dataset (predictions)
Dashed curve: Log-norma! distribution of individua) CL estimates from the
validation dataset (moded f).
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Comparison of clearance estimates for the validation
dataset :

CL 91.6 ml/min
V1129L

Q 14.4 m{/min
V2338L

T1/1 3.5 hrs

Protein binding was 81 %, thereforé, Fu x GFR =0.19 x 120 = 23 ml/min for maximal
renal clearance. As total clearance I s92 ml/min, active tubular secretion may play an
_important role in MTA excretion.

Folate deficiency reduced CL. This was not retained in the model.

V1 related to BSA.

Predicted effects of PK
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Table POPK.11.1. Effect of Cockcroft-Gault Creatinine Clearance (CGCL) on
LY231514 Pharmacokinetic Parameters Following an 870 mg
(500 mg/m2 ¢ 1.74 m2) Dose Administered as a 10-minute

infusion
Peak

CGCL CL» Concentration®  AUCg..¢ tind
(mL/min) (mL/min) (ug/mL) - (ugehr/mL) {br)
36.1¢ 61.3 66.5 236 4.18
53.9f 70.5 66.2 206 3.88
92.6 90.3 65.7 161 3.50
180¢ 135 64.5 107 313
254 ¢ 173 63.6 83.7 3.01

8 CL =43.0 +47.2¢CGCL/92.6 where 92.6 is the median baseline CGCL i the analysis population.

b Peak Concentration = predicted concentration (from NONMEM) at 10 minutes from the start of infusion.
¢ AUCq.. = Dose/CL

4 1y, = terminal elimination half-life calculated based on CL, V), Q, and V.

¢ Mipimum and maximum values in the study population.

1 95% tolerance interval of the study population.

EMed of CGCL

L

n Pewe gt}
s

3

Prediced LY231814 Concentreion

oot
COCL (rLiwin): 254 400 ”ns s 2

[ . 2 W x ®»® W a «
Time trom S of inhaion ()

[ —
*  COCL ® IR0 mme }

Effect of Cockcroft-Gauit Creatinine Clearance (CGCL) on
Predicted LY231514 Concentrations Following an 870 mg

(500 mg/m2 e 1.74 m2) Dose Administered as a 10-minute
Infusion

Therefore, an individual with CGCL of 30-40 ml/min will have 50% higher AUC than
someone with normal CGCL (90 ml/min)

Effect of BSAonV
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Table POPK.11.2, Effect of Body Surface Area (BSA) on LY231514
Pharmacokinetic Parameters Following LY231514
Administered as a 10-minute Infusion

Peak
BSA Dose Ve Concentration® AUCp. ¢ tind
(m?) (mg) (L) (ug/mL) (pgehr/mL) (br)
870 mp Fixed Dose: —
1.21¢ 370
1.74 870 127 65.7 161 3.50
2501 870 o r——
500 mg/m2 Dose:
1.74 870 12.7 65.7 161 3.50
2.501 1250 e
s V= 6.13sBSAl132 e

b Peak Concentration = predicted concentration (from NONMEM) at 10 minutes from the start of infusion.

¢ AUCgq... = Dose/CL where CL is 90.2 (the value for the ‘typical' patient in the analysis population, ie.
with CGCL of 92.6).

4 {, = = terminal elimination half-life calculated besed on CL, Vi, Q, and V,.

¢ Population minimum. .
¥ Population maximum.

Cmax affected by BSA. Adjusting dose based on BSA reduces effect on Cmax, but has a
large effect on AUC.

Dosing Strategies
The efect of fixed dosing, BSA-based dosing and CGCL based dosing on AUC were

evaluated. CGCL was best.

: E 400 1 A Fixed Dose 400 , B: BSA-based Dose Adjustment (proportional)
~— e

CE
(=3
2
[6]
2
g 10
B 100 1
E soj 50

o | Dose = 870mg o | Dose = 500-BSA mg
100 125 150 175 200 225 250 275 100 125 1.50 175 200 225 2.50 275
Body Surface Area (m?) Body Surface Area (m?)
- 40, C: cGCL-based Doss Adjustment
E 350 based on pharmacokinetic model
E
£ 300
3 250
8 200
§ 150
b1 10”
g s °  Indvidual Predicted AUC Estimates
0 ) Dose = 424+5,08-CGGL my Regression Line

1.00 1.25 150 1.75 200 225 250 275
Body Surface Area (m?)

Figure POPK.11.3.  Estimated AUC versus BSA by Dosing Strategy
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Effect of BSA on V: dosing strategies to minimize effect on Cmax

Fixed dose, BSA-proportional dosing, expontential dosing based on model.

gszs A: Fixed Dose 125 1 B: BSA-based Dose Adjustment (proportional)
= 100 100
%g s 75—
Ry \\\-\-\
5 50] Ny 50
I P D P
100 125 1.50 1.75 200 225 250 275 100 125 150 1.756 2.00 225 250 275
Body Surtace Arva (M) Body Surface Area (m?)
o 125, C: BSA-based Dose Adjustment
£ based on phamacokinetic modet
S 100{ '
H .,
L
s °  individual Predicted
< Pukcumuﬂom
s 25 1 Dose = 432-BSA™ ¥ mg Reg Line

100 125 150 175 200 225 250 275
Body Surface Ares (m?)

Figure POPK 11.4. Eitimatod Peak Concentration versus BSA by Dosing
Strategy

Conclusions

¢ 2-C model worked well

e CL decreases as CGCL decreases

» Folate deficiency may decrease CL. Small sample.
V depends on BSA

No effect: gender, smoking, age, ethnicity, alcohol, dose, or duration.

o 1IV 19.3% for CL 16.6% V124.5% for V2 and 28.4% for residual variability.
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JIMBQ
Phase III: MTYV vs Vinorelbine NSCLC

Terminated due to slow enrollment

Only three patients; no pk analysis, concentrations only
500 mg/m2 once every 3 weeks; 10-min infusion
vinorelbine: 30 mg/m?2 weekly iv., every 3 weeks
Analytical N

1. JMBZ

Phase II: MTA plus cisplatin NSCLC

MTA 500 mg/m2 10 min i.v. infusion, then 75 mg/m2 cisplatin over 60 minutes Q once
every three weeks

432 patients total, 4 for pk. Dense profiles (12 samples over 72 hrs). Noncompartmental

pk. = ) _ * ng/ml.
Table JMBZ.1. Patient Characteristics
Patient No.| Gender Height Weight - BM1 BSA
(cm) kg) (kg/m?2) (m2)
10 Male 178 70 221 1.87
12 Female 163 71 26.7 1.77 -
15 Male 170 81 28.0 1.93
16 Female T 165 51 i 18.7 1.55
Table JMBZ.2. Plasma LY231514 Concentrations by Patient
Patient 10 Patient 12 Patient 15 Patient 16
Time Conc. Time Conc. Time Canc. Time Conc.
G | (pgml) (hr) (ug/mL) () (ng/mL) (hr) (ug/mL)
0.00 | BQLs 0.00 |BQL 0.00 | BQL 0.00 |BQL
0.150|
0.250
0.500
1.00
2.00 )
4.00 .
6.00 :
8.00 \
233 .
47.2 BQL BQL I : ~|BQL
712 | BQL |BOL | BQL BQL

s Below quantitation limit
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Tabie JMBZ 4.

LY231514 Pharmacokinetic Parameters

Time interva)

Patient Nu[ Dose Dose BSA Cerax Trax W%
t(mg) (mpm?) (m2) Ggml) () () (/) forty eximate
| ()
10 918 489 6-233
12 875 495 . $92-477
15 960 a9 I aE 6-24
16 770 497 592~236
N 4 4 4 4 4 ‘. 4
Mean  [380 495 1.78 110 0.146 291 0255
sD Bl.l 426 0167 253 0.00834 0.987 0.0679
Min —_ .
Median | 895 496 1.82  113.9305 0.1500 2.54 0273
CV (%) 922 0900 938 230 5.72 339 266
Petient No. | Clp cL, v, V, Vo Ve AUCou AUCq,
(mb/min) (mlminm?) (L) (/w2 Q) (Lmd) (wepg/ml) (hrepgiml)
10 2.7 ¢ 442 15.8 842 104 557 184 184
12 9.9 396 26.4 15.0 139 787 209 209
15 104 54.0 238 124 136 7.09 154 154
16 “113 73.0 21.8 154 14.5 9.36 114 114
N 4 4 ] 4 4 4 4 4
Mean 92.4 527 28 12.8 13.1 747 165 165
SD 19.6 148 463 319 183 158 410 9.0
Min . — Sl
Median 934 49.1 238 13.7- 138 748 169 169
Max —— ! e
CV (%) 213 281 - 206 250 140 212 248 49
"0
W
3w
£
53
b4
o
2
>
-d
H
-
2
a = .
o
[ 3 10 () -] = »
Tovs (v}
00
§ ©
:
3
5
' s a1
© L] n 1" xn » x
Time ()
Figure JMBZ.2, Plasma LY231514 Concentration-Time Profile (Mean £ SD;
N=4 Patlents).

CL: 52.7 £ 14.8 ml/min/m2
Vss: 747+ 1.58 L/m2
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T1/2:2.91 £0.99 hr.

Formulation: lyophilized powder of 20, 100 and 500 mg
Sponsor’s conclusions

PK consist with previous studies

PK support safe use of ALIMTA/cisplatin.

2. JMAU

Phase 1 MTA and carboplatin in malignant pleural mesothelioma

MTA 400, 500 or 600 mg/m?2 once every 21 days as }0-imn infusion. Thirty minutes post MTA, 504 to
1674 mg/m?2 of carboplatin were infused over a 30 minutes once every three weeks.

Purpose: determine if MTA affected carboplatin PK. Compared to historical data.

Dense sampling over 24 hrs/ 24-hr carboplatin used to calculate free platin.
Norncompartmental; PK.

Table JMAU.2. Summary of Patient Demographics
Gender Statistic Age (1) - Body Weight (kg) Body Surface Area
(m’)’
Male mean 58.0 76.8 1.92
(n=16) sb 7.9 10.0 0.13
min 394 63 L75
max 69.5 103 223
Female mean 60.3 62.5 1.66
(n=4) SD 2] 24 : 0.03
min 584 60.0 .63
max 62.5 ’ 65.0 1.69
I Body surface area obtained from case report form
Z o, T o
i b
% wo ,' § (L l
B Pl
[3] l i
o g
o : a
S . Zw }
- } -
i I .
L] L] ” » » » L] 1] A w » 0
Time (he) Time ()
(S ] [l
i
"0
E ”
b S |
2
”
5w
i.
L] . 2 - » »
Time {hr}
Bl
Figure JMAU2. Individua! pl LY23514 tration-time profiles by
dose group.
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1°

Plasma Carboplatin Concentration, (ug/ml)

el

° 4 ] k-3 » 2 »
Time (hr)
Plazma concentrations normalized to the median dose of 765 mg.

Figure JMAU..4. Individual normalized plasma total platinum concentration-
time profiies.

e

/

0 20 40 SO 80 100 120 140 180 180 200 220 240
GFR (mUmlIrn)

Plasma LYZ231514 Clearance {(mL/min)
8

o 88888

Figure JMAU & Relati LY231514 ch and renal

function asrnmslod by measured giomeruiar filtration rate.

; Table JMAU.S, Mean Total Platinum Pharmacokinetic Parameters
Parameter Arithmetic Mexn (CV as %)
(n=20)
Comx® . 230
(pg/mL) an
AUCpLb 93.9.
(pgehr/mL) 15)
) - 0.57
(hr) (0.50-0.75)
cL, 136
(mL/min) (20)
cL, 727
(ml/min/n?) (16)
Va 129
L - %)
Va 68.5
Um?) @7
{73 - 15.6
() 33)
# reporied as median (range)

® normalized to a carboplatin dose of 400 mg/m?2
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Figure JMAU.5. Area under the plasma concentration-time curve (left) and
maximum plasma concentration (right) as a function of
dose. '
Teble JMAU.3. Mean LY231514 Pharmacokinetic Parameters
Parameter . Arithmetic Mean (CV as %)
Dose (mg/m2)
400 500 600
(n=9) (n = 8) (n=3)
Croax 69.3 116 16}
(ug/mL) 17%) (11%) @2.3%)
AUCo- 92.5 174 m
(ugehr/mL) 12%) (18%) (16%)
Teax 0.15 0.18 0.16
(b (0.15-0.67 0.15-033) 0.15-0.17)
: 138 91.1 86.2
(mL/min) (18%) 1%) (11%)
cL, 72.8 49.5 45.0
(mL/min/m?) (12%) (20%) (14.2%)
Vi 184 14.1 134
W (16%) (17%) (5.5%)
' 9.75 7.64 701
/m?) (11%) (15%) (7.3%)
(P 28 28 29
) (13%) (7.7%) (7.7%)
& median (range) '

MTA: AUC and Cmax increased greater than proportionally with dose****differs from MTA alone
Carboplatin: only two data samples. Ghazal-Aswad method to calculate free platinum “was reasonably
consistent” generated by actual samples.

Ultrafilterable platinum t1/2 2 (1.8 to 3hrs), 37 hrs for total platinum.

MTA formulation: 100 or 500 mg aqueous solution.
Samples: 14 over 24 hrs for mTA
13 over 24 hrs for carboplatinum

MTA analysis: — ng/ml
Carboplatinum: atomic absorption of total platinum in plasma 50 to 2221 ng Pt/m]

Comments )

Carboplatin elimination t1/2 of 15 hrs based on 2 points. At least 2-c model pk. Free pt not measured;
calculated according to Ghazal Aswad 1966

AUC=C24 +0.33/0.82

Compared to historical data; no direct comparison within patient group.
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3. IMAR
Phase 1 MTA and 5-FU in advanced or metastatic cancer.
2 patients; concentrations no analysis

MTA 300, 400 or 500 mg/m2 as a 10-min infusion once every three weeks

5-FU 250, 300, 350, 400,450 and 500 me/m2 as a bolus dailv for 5 davs, 5-FU administered after MTA.
MTA enalysis: . ) ng/ml

MTA formulation: lyophilized powder, 100mg/vial

MTA sampling: 0, end of infusion, 1,2 , 4, 8 and 24 hrs post-infusion

5-FU sampling: 0, 1, 9, 24, 144, 153 168 hrs pot infusion, then 15, 30 and 60 min post infusion-stop on day
8

Comments
No 5-FU data listed-look further for data and number of patients and 5-FU assay.

4. JMAP : '
Phase 1 MTA and Cisplatin in locally advanced or metastatic solid tumors
Objective: PK of MTA and total platinum

Dose escalation design

MTA starting at 300 mg/m2 Cisplatin 60 mg/m2 30 minutes after MTA, or MTA day 1 (treatment A) and
cisplatin day 2 (treatment B)

MTA formulation: lyophilized white powder 100 mg/vial

MTA analysis _ ng/ml.

Total platinum from Cisplatin atomic absorption from 95 to 3250 ng Ptml- ——

Table JMAP.1 Summary of Patient Demographics
Gender Statistic Age (yr) Body Weight (kg)  Body Surface Area

(mZ)l

Male mean 59.0 70.0 1.84
CV% 18 22 ' 12

min 37.0 4.6 1.45

max 72.0 93.5 2.16

Female mean 50.0 63.7 1.65
CV% 31 36 19

min 28.0 36.0 1.20

max 66.0 100.0 2.09

! Body surface area obtained from case report form

MTA plasma sampling: 14 samples over 24 hrs for treatment A, 27 samples over 96 hrs treatment B Urine:
24 and 48 cumulative.
Total PT: 10 samples over 23 hrs
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Table JMAP.2 Mean LY231514 Pharmacokinetic Parameters
Arithmetic Mcan (CV as %)
Dose (mg/m?)
Parameter 600 (Treatment A) 500 (Treatment B) 600 (Treaunent B)
n=4 n=6 n=5
[ 83.1 722 97.1
(ug/mL) (21%) (49%) 21%)
AUCom 158 120 146
(1gehr/mL) (25%) (47%) (44%)
Temax 0.2 0.2 02
(hrp 02-04) 0.2-04) (0.2-0.2)
107 162 141
(mL/min) (41%) (58%) (31%)

: 67.2 90.1 7.0
{mi/mio/m?) (30°%) (63%) (33%)
Vg 208 239 213
L (42%)¢ (45%)F (28%)
Va 129 13.2 114
L/m?) 1%y (50%) 2%)
Fe 0.32 038 048

(79%) (32%) (48%)
CLy 42.7 56.9 66.6
(mL/min) (112%) (56%) (44%)
CL, 25.1 316 383
(mL/min/m?) (106%) (61%) (58%)
(1773 34 28 3.1
(hr)

30.4¢c 37.6¢

* median (range)
® harmonic mean
< half-life of long terminal phase
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Figure JMAP.5 Relationship between total plasma clearance, renal
clearance, and calculated creatinine clearance.
Table JMAP.3 Mean Total Platinum Pharmacokinetic Parameters
Arithmetic Mean (CV as %)
Dose (mg/m2)
Parameter 75 (Treatment A) 75 (Treatment B)
) n=4 n=7
Crnax 2.58 2.62
(ug/mL) (17%) (11%)
AUG.. 180.0 184.8
(gehr/mL) 57%) (20%)
Tnax 2.0 2.0
) (no range) (1.8-22)
14.8 12.9
(mL/min) (75%) (37%)
CcL, 9.31 712
(mL/min/m?) (65%) (29%)
Ve 61.1 80.0
(L) (24%) (14%)
Va 38.7 443
(L/m?) 13%) 14%)
tinb 50.4 : 67.1
(hr)
3 median (range)
b harmonic mean
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Table JMAP.3.1. Geometric Means and P-values of LY231514
Pharmacokinetic Parameters for Treatments A and B (Log-
Transformed Data)

Geometric Mean
Treatment A Trestment B Ratio or Significance
Parameter . ) Difference p-Value
of Means *
LY231514
Caar 75.02 88.04 0.85 0.53
AUCy., 149.0 134.0 1.11 0.72
CLp 66.9 749 0.89 0.71
CLr 14.89 30.81 0.48 * 0.17
Fe : 0.28 044 <0.16 0.25
Vss 13.68 12.13 1.55 0.64
9 Units for parameters: Cy (ug/mL), AUCp. (gehr/mL), CL,, (mL/min/m2), CL, (mL/min/m?),
and Vg (L/hr/m?2). :

b Analyses of Cray, AUCq-.., CLy, and CL, parameters are based on log-transformed datd. Antilogs of
transformed scale Treatment A minus Treatment B differences supply a ratio estimate. Analyses of Fe
and Vss parameters are based on untransformed data.

Table JMAP.5.1. Geometric Means and P-values of Total Platinum
Pharmacokinetic Parameters for Treatments A and B (Log-
Transformed Data)

Geometric Mean
i Treatment A Treatment B Ratio or Significance
Parameter * . Difference p-Value
of Means®
‘Total Platinum
Cmax 2.55 2.60 0.98 0.83
AUC) . 156.6 180.5 0.87 0.62
CLp 7.98 6.92 1.15 0.62
L 0.0137 0.0104 0.0033 0.44
Vss 38.84 44.69 -5.84 0.16

a  Units for parameters: Crax (1g/mL), AUCq. (Mgehr/mL) and CLy (mL/min'm2), Vg (L/hr/m2),
and A, . (hr!)

b Analyses of Crpax, AUCq. and CL;, parameters are based on log-transformed data. Antilogs of
transformed scale Treatment A minus Treatment B differences supply a ratio estimate. Analyses of A,
and V,, parameters are based ori untransformed data. .

PT: long terminal elimination: Check historical t1/2

T1/2: intermediate (from 24 hr data) was 3 hrs; from prolonged measurement: 30 hrs

No apparent relationship between CL, CLr and CLecr; due to mostly normal renal function (sponsor)
Conclusions(sponsor)

Cisplatin did not affect mTA PK

MTA did not affect Cisplatin PK
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NOTES: no patient appeared to receive less than 500 mg/m2 of ALIMTA,; renal function ranged from 53
to 140 mY/min; cisplatin infusions were 2 hrs and dosed at 75 mg/m2 approximately

5. JMAB-Addendum
Phase 1 MTA as a bolus once every 7 days

Data originally analyzed assuming bolus administration (MIKAPC). Re-analyzed noncompartmentally
using infusion (10 min) WinNonLin. ‘
Some differences in the kinetics; re-plotted some figures

APP!:A?S THIS w
1 RIS WA
ON ORIGiNAL '

APPEARS THIS WAy
CH ORIGINAL
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Table JMAB.1. Comparison of Mean LY231514 Pharmacokinetic Parameters by Dose Group

10 mg/m2 20 mg/m? 30 mg/m? 40 mg/m?2

(o=4) (1=4) (r=10) (=T)

Parameter MIKAPC  WinNonlin [ MIKAPC  WinNonlin { MIKAPC  WinNonlin | MIKAPC  WinNonlin
Crnax 2.01 2.01 4.32 432 7.48 748 11.2 11.2
(ug/mL) (20%) (20%) (14%) (14%) (17%) (17%) (40%) (40%)
AUCyee 2.57 227 5.91 5.49 13.6 12.0 14.4 12.9
(ugehr/mL)s (50%) (55%) (27%) (27%) (35%) (24%) (42%) 42%)
Tonax 0.083 - 0.25¢ 0.083 0.083 - 0.25¢ 0.083 0.083-025¢ 025 0.083 - 0.25¢ 0.25
(hr) 0.083 -0.25b 0.083 —0.25b 0.083 - 0.25b 0.083 - 0.25b
cL, _NR 155 NR 113 NR 80.6 NR 112
(mL/min) 47%) (40%) (29%) (37%)
CcL, 79.2 934 59.6 64.4 39.6 46.4 523 58.3
(mL/min/m2) 49%) (47%) 21%) 27%) (24%) (29%) (34%) (34%)
" NKR 14.5 NR N3 NR 12.4 NR 16.3
Ly (20%) : 27%) (21%) (29%)
Vs 6.31 8.56 5.70 6.47 5.63 7.13 6.64 8.53
(L/m2)s (16%) (22%) (8.6%) (8.6%) (23%) (14%) (16%) (26%)
112 1.3d 14 1.54 1.5 2.1d 23 2.0d 22
(hr) (36%) (.6%p B0%)p _(39%)»

a reported as arithmetic mean (%CV)
b reported as median (range)

¢ report as range

d reported as harmonic mean only

86



25 1

8 Actual AUC, _ ug*hr/mL values ™
Power Model
20 -
L ]
-
E .
= 151
*
[e
a
t
o
O 10
o
<
5 4
[ ]
]
|
O L] — L) 4 - - T - 4 + T - = - 1
0 10 20 30 40 50
Dose (mg/m?)
20 -
: = Actual C_, pg/mL values
Power model
15
-l
E
O’ r
3 10 4 /
g +
8] 1 P
5 4
0 T T ] T —* —r 1
0 10 20 30 ¢ 40 50
Dose (mg/m?)
Figure JMAB.6. Results from assessment of dose proportionality for AUCq...

and Cnayx for BSA nommalized dose (mg/m2).

87



25 -

[| —— Power Model o
+eee+ Spiit Line Model
04| ® 10mgm’
Ll 0 20mgm?
g v 30 mgim® M
E [| ¢ 40 mgm? -
E 15
E 9
=2
3 I
0O 101
-]
. <
5 4
0 - emacd 1
o 100
“]
~—— Power curve
[ | eeee+ Spiit Line model
, [l ® 10mgm’
5 0 20 mg/m?
| v 30mgm’
a | v. 40mgm’
g >
g 10
3 [
3
T
5 4
o . J. Y e d. A — . " A T A e r e i '
0 20 40 60 80 100
Dose {mg)
Figure JMAB.7. Results from assessment of dose proportionality for AUCo_..
and Cpmay for total dose (mg).

88



250 -

®

€

S 20
I °

E .

o)
150 -

_S v
(6] v v
© ®
E o
.8 100 o
a o ve O v
% ve v
§ 50 - V v v
>

Q -
10 20 30 40 50 60 70 80 80
Age (years).
180 -

& ® 10mg/m’
E 160 - . ©  20mgm’
C
E v 30mgm?
5 140 - v  40mg/m?
E

120
§ .
€ 100 -

°
&)

80 4 [o} (o}
£ Y Vv
(73

S 60 4 oV
o o M ¥
3 ve
o 40 A v v
™ v v
S 204
-

0
10 20 30 40 50 60 70 80
Age (years)
Figure JMAB.5. Relationship between CL, (mL/min and mL/min/m2)
and age.

89



Table JMAB.Z._ Results from Dose Proportional Assessments for AUCp..

and Cmax
Parameter Power model
Slope DP
(90% CI) ratio
AUCq_. pg*hr/mL 1.40(1.12,1.68) | 1.39
(BSA normalized dose)
Crnax Hg/mL 1.21(1.03,1.39) | 1.78
(BSA nomalized dose)
AUCq_. pg*hr/mL 1.21(0.94,1.49) | 1.58
(total dose)
Cinax pg/mL 1.04 (0.85,1.24) | 2.57
(total dose)

Note: DP - dose proportional

Table JMAB.3. Results from Dose Proportional Assessments for AUCq..

with age as covariate

Parameter Power model with age

Slope DP ratio
(90% CI)

AUC, ... pg*hr/mL 131 1.52
(BSA normalized ) (1.08, 1.53)
AUCp... pg*hr/mL 1.12 1.79

(total dose) (0.85, 1.38)

Notes: DP ~ dose proportional ratio

Sponsor’s conclusions

MTA: small Vss, moderate Cl, short t1/2 (1-3 hrs)

Cl related to renal function

CL related to age. As age increases, Cl decrease in CL

AUC and Cmax increased more than proportionally to dose; small and not clinically significant

6. 7.IMAA-Addendum

Phase 1 MTA as a bolus once every 21 days

Data originally analyzed assuming bolus administration (MIKAPC). Re-analyzed noncompartmentally
using infusion (10 min) WinNonLin.

Sponsor’s conclusions

MTA small V, moderate CL, short t1/2
Cl1 dependent upon renal function
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Table JMAAY, Comparison of Mean LY231514 Ph tic P b
by Dose Group U::am Cycle 1
525 mg/md " 600 mg/mt 700 mg/m?
(w4} (20 (et
Parameter MIKAPC WinNonlin MIKAPC WisNanlin MIKAPC WinNonlin
Com® m s 137 n? 175 166
(hg/mL) (13%)p (15%) (33%) (33%) Qmy 29%)
AUCy..p pall m 266 239 398 u?
(ugsbeiml) (A2%)y (36%) @Qm) (26%) (4InY ($1%)
| (S 0.08 -~ 0.25# 0.25% 0.08-0.25¢ 0.25% 0.08 - 02501 025
() 0.08-0.25¢ 0.08-0.5¢ 0.08-0.25«
Clp NR 94.8 NR 850 NR 7.4
{mL/min) (28%) {23%) M%)
Cly 40.7 49.3 40.0 45 336 45.9
(mL/min/m?) (3%p (31%) (24%) (24%) QMY (34%)
Ve NR 143 NR 156 NR 140
) (19%) __(26%) (12%)
Vo 685 12 7.00 8.08 639 T44
_(UmY) (25%) (11%) (20%) (19%) (.17%) 18w
ha 3.94¢ 4.1 3| 43 n 4.9
I (.7s] (36%) (31%) (30%)

Abbrevintions: >S¢!u!¢-iaﬂ§§§§§gins§ieqs?ﬁgsizﬁn_.‘ plasna clearance; n-!-EB_Bg
i Anean] % 100%; b = hous; NR « No Result; 43 = spparent senminal elimmaion haif)

CVe

fficiont of variatian = {;

T nas = vhserved sampling 1ime of Coagai <I|EF¢=B§_§!§«E
* reported as arithmetic moun (%CV).

+ reporicd as nange.

s p=3

® reported as medinn (runge).
8 roportod a3 hsmaunic mean only.
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