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Summary

On July 6, 2005, Bayer Pharmaceuticals submitted this New Drug Application
(NDA) for sorafenib, an oral multi-kinase inhibitor, a new molecular entity, for the
treatment of patients (pts) with advanced renal cell cancer (RCC). The
submission consisted of two studies for the proposed indication.

One study (Study 11213), the major study for the indication, is a large,
international, double-blind, randomized, well-controlled phase 3 study in which
results from single agent sorafenib therapy were compared to placebo therapy
with best supportive care for patients with advanced RCC who had received one
prior therapy. In the phase 3 study, sorafenib treatment resulted in an
improvement PFS for RCC patients compared with control. The median PFS was
improved from 84 days in the control group to 167 days for sorafenib; hazard
ratio = 0.44; p < 0.000001.

This major study is supported by data from RCC patients enrolled in a
randomized discontinuation study (Study 10039). In the phase 2 randomized
discontinuation trial for the subset of patients with RCC, patients who entered the
randomized discontinuation arm and were randomized to continued sorafenib
therapy were compared with patients who entered the randomized
discontinuation arm and were randomized to discontinue sorafenib therapy. The
primary efficacy objective of the study was the progression-free rate at the end of
the 12 week period post randomization. The study demonstrated that the
progression-free rate at the end of the 12-week randomization period was
statistically significantly different (i.e., higher) for the sorafenib group than that for
the placebo group. Overall, 50.0% (16/32) of subjects randomized to sorafenib
and 18.2% (6/33) of subjects randomized to placebo were progression-free at 12
weeks after randomization (P value = 0.0077). The median progression-free
survival (PFS) was also statistically significantly different (i.e., longer) for subjects
randomized to sorafenib (163 days) than for subjects randomized to placebo (41
days, P value = 0.0001).



The major toxicities observed with sorafenib treatment included: dermatologic
(rashes, hand-foot syndrome), gastrointestinal (diarrhea), constitutional (fatigue,
fever, weight loss, sweating, other), cardiovascular (hypertension), blood/bone
marrow (decreased hemoglobin) and neurologic (neuropathy).

One scientific and regulatory issue to consider is whether this application should
receive accelerated or regular approval. Regular approval is typically given when
an agent has demonstrated an improvement in clinical benefit. The Agency has
stated that clinical benefit is that which improves the quantity or quality of life. In
this case, both studies show a statistically significant difference in PFS, which is
primarily a radiographic endpoint. However, whether an improvement in PFS
results in an improvement in the quantity or quality of life is debatable. The
Cochrane Colloborative recently conducted a systematic review of
immunotherapy trials for advanced RCC and determined that there was no
relationship between remission rate and survival. The sponsor presented a
review of the literature and listed 6 randomized trials which had positive overall
survival results and the corresponding PFS result. Five out of six of these trials
had a statistically significant improvement in PFS. This reviewer reviewed the 6
articles the sponsor presented and concurred with the sponsor's assessment.
An effect on PFS resulting in prolongation over control appears to translate into a
similar result for survival; thus, this application is recommended for regular
approval.

Based on the results contained in this NDA submission, this reviewer
recommends regular approval.

Bayer should continue to follow patients enrolled in study 11213 and provide the
division with a final safety and survival analysis based on mature data for all
patients enrolled in the major study.

Dr. Kane's review has several suggestions for additional study. These
suggestions should be forwarded to the company.

Background:

Advanced Renal Cell Cancer

Renal cell carcinoma is serious and life threatening disorder most commonly
seen in the 5" through 7" decade of life. The majority of patients with renal cell
cancer present with apparently localized disease, which is curable surgically.
However, approximately 30-50% of those presenting with localized disease will
relapse later. Approximately 30-40% of patients will present with metastatic
disease for which is there is no curative therapy. The only approved therapy for
renal cell cancer is IL-2 which is associated with significant toxicity and for which
the majority of patients with metastatic disease are not candidates because of
co-morbidites.



United States Regulatory History

The IND was opened in May 2000. In September 2003, a Special Protocol
Assessment agreement was reached with Bayer regarding the design, proposed
patient enroliment and endpoints for the phase 3 randomized trial in patients with
advanced RCC. In March 2004, Bayer received Fast Track designation. In
September 2004, Bayer received Orphan Drug Status. In December 2004, the
Agency met with Bayer for a pre-NDA meeting. In April 2005, the Agency met
with Bayer to discuss the results from the analysis of PFS and to discuss the
issue of allowing placebo treated patients to crossover to receive sorafenib. July
2005, the Agency has received a complete NDA submission to review.

For additional details, please see Dr. Kane’s review.

Chemistry:

BAY43-9006, sorafenib, Nexavar™, manufactured by Bayer HealthCare AG,
Leverkusen, Germany will be distributed by Bayer Pharmaceuticals and Onyx
Pharmaceuticals.

For further details, please see Dr. Jee’s and Dr. Liang’s Chemistry,
Manufacturing, and Control review of this NDA.

. The reviewers did not identify any phase 4 commitments.

Nonclinical Pharmacology and Toxicology Information:
Mechanism of Action- multikinase inhibitor,

Bayer provide information to support that sorafenib inhibited the following
kinases: CRAF, BRAF, V600E BRAF, FLT-3, c-KIT, VEGFR2, VEGFRS3, and
PDGFR-B.

From Dr. Mahloogi’s review:

Sorafenib was genotoxic as demonstrated in the Chinese Hamster Ovary
aberration test in the presence of S9. Sorafenib is teratogenic and can cause
embryo-fetal toxicities at sub-therapeutic doses.

M-2 appears to be the major metabolite in human. The M-2

metabolite appears to be an active metabolite, since the pattern of toxicity
obtained with M-2 is similar to that observed with the parent compound. The M-2
metabolite was not genotoxic in the Ames assay.

The main impurity of T ) , ., was shown to be genotoxic in the
Ames (+S9) assay. In vitro data indicate that sorafenib is metabolized by
CYP3A4 and UGT1A9 pathways. '



Sorafenib can cross the placental barrier, is teratogenic at sub-therapeutic doses,
and can be excreted in milk. Therefore women of childbearing potential should
be advised to avoid becoming pregnant while taking sorafenib. Women should be
advised to avoid breast-feeding while taking the drug.

There is a potential for sorafenib to inhibit CYPs 2B6, 2C8, and 2C9 as well as to
inhibit glucuronidation by UGT1A1 and UGT1A9. Therefore systemic exposure to
substrates of CYP2B6, CYP2C8, 2B9, UGT1A1 and UGT1A9 may increase
when co-administered with sorafenib.

Therefore the product is genotoxic and teratogenic and this information should
clearly be in the label. The label will say Pregnancy D category.

For further details, please see the Pharmacology and Toxicology reviews of this
NDA.

The reviewer did not identify any phase 4 commitments.

Human Pharmacology:

From Dr. Williams’ review: _

After administration of NEXAVAR tablets, the mean elimination half-life of
sorafenib is approximately 25 - 48 hours. The clinical regimen (400 mg bid)
results in a 2.5- to 7-fold accumulation compared to single dose administration
and a peak to trough ratio of mean concentrations of less than 2. Following oral
administration, sorafenib reaches peak plasma levels in approximately 3 hours.
When given with a moderate-fat meal, bioavailability was similar to that in the
fasted state. With a high-fat meal, sorafenib bioavailability was reduced by 29%
compared to administration in the fasted state. Mean Cmax and AUC increased
less than proportionally beyond doses of 400 mg administered orally twice daily.
In vitro binding of sorafenib to human plasma proteins is 99.5%. Sorafenib is
metabolized primarily in the liver undergoing oxidative metabolism,

mediated by CYP3A4, as well as glucuronidation mediated by UGT1A9.
Sorafenib accounts for approximately 70-85% of the circulating analytes in
plasma at steady state...Following oral administration of a 100 mg dose of a
solution formulation of sorafenib, 96% of the dose was recovered within 14 days,
with 77% of the dose excreted in feces, and 19% of the dose excreted in urine as
glucuronidated metabolites. Unchanged sorafenib, accounting for 51% of the
dose, was found in feces but not in urine.

Analyses of demographic data suggest that no dose adjustments are necessary
for age or gender. There are no pharmacokinetic data in pediatric patients. In
patients with mild (Child-Pugh A, n = 14) or moderate (Child-Pugh B, n = 8)
hepatic impairment, exposure values were within the range observed in patients
without hepatic impairment. The pharmacokinetics of sorafenib have not been
studied in patients with severe (Child-Pugh C) hepatic impairment. In a study of
drug disposition after a single oral dose of radiolabeled sorafenib to healthy



subjects, 19% of the administered dose of sorafenib was excreted in urine. In
four Phase 1 clinical trials, sorafenib was evaluated in patients with

normal renal function and in patients with mild renal impairment (CrCl > 50 — 80
mL/min, n = 24) or moderate renal impairment (CrCl 30 — 50 mL/min, n = 4). No
relationship was observed between steady state sorafenib AUC and renal
function at doses of 400 mg twice daily. The pharmacokinetics of sorafenib have
not been studied in patients with severe renal impairment (CrCl < 30 mi/min) or
patients undergoing dialysis.

Ketoconazole (400 mg), a potent inhibitor of CYP3A4, administered once daily
for 7 days did not alter the mean AUC of a single oral 50 mg dose of sorafenib in
healthy volunteers. Studies with human liver microsomes demonstrated that
sorafenib is a competitive inhibitor of CYP2C19, CYP2D6, and CYP3A4.
Administration of NEXAVAR 400 mg twice daily for 28 days did not alter the
exposure of concomitantly administered midazolam (CYP3A4 substrate),
dextromethorphan (CYP2D6 substrate), or omeprazole (CYP2C19 substrate).
Studies with human liver microsomes demonstrated that sorafenib is a
competitive inhibitor of CYP2C9. The possible effect of sorafenib on a
CYP2C9 substrate was assessed indirectly in patients receiving warfarin. The
mean changes from baseline in PT-INR were not higher in NEXAVAR patients
compared to placebo patients. There is no clinical information on the effect of
CYP3A4 inducers on the pharmacokinetics of sorafenib. Substances that are
inducers of CYP3A4 activity are expected to increase metabolism of sorafenib
and thus decrease sorafenib concentrations...

In Phase 1 clinical studies, NEXAVAR has been administered with the anti-
neoplastic agents gemcitabine, oxaliplatin, doxorubicin, and irinotecan.
Concomitant treatment with NEXAVAR resulted in a 21% increase in the AUC of
doxorubicin. When administered with irinotecan, whose active metabolite SN-38
is further metabolized by the UGT1A1 pathway, there was a 67 - 120% increase
in the AUC of SN-38 and a 26 - 42% increase in the AUC of irinotecan. The
clinical significance of these findings is unknown. Sorafenib inhibits CYP2B6 and
CYP2C8 in vitro. Although not studied clinically, systemic exposure to substrates
of CYP2B6 and CYP2C8 is expected to increase when coadministered

with NEXAVAR. Similarly, sorafenib inhibits glucuronidation by the UGT1A1 and
UGT1A9 pathways and, although not studied clinically, systemic exposure

to substrates of UGT1A1 and UGT1A9 may increase when co-administered with
NEXAVAR. CYP1A2 and CYP3A4 activities were not altered after treatment of
cultured human hepatocytes with sorafenib, indicating that sorafenib is unlikely to
be an inducer of CYP1A2 and CYP3A4 in vivo.

The Office of Clinical Pharmacology and Biopharmaceutics (OCPB) identified 5
phase 4 commitments.

From Dr. William’s review they are:



1. Explore alternative dosing regimens in Asian patients, with the goal of arriving
at a regimen that will produce the concentration time profile seen in non-Asians.

First, modeling and simulation should be to identify an alternative dosage

regimen that is predicted to result in Asian patients having a similar exposure as

non-Asians. This regimen should then be administered to Asian patients in a

multiple-dose pharmacokinetic study to determine if it performs as predicted.

2. Complete the ongoing study of the effect of sorafenib on paclitaxel (a CYP

2C8 substrate) pharmacokinetics: Study 100375.

3. Complete the ongoing investigation of the ability of biomarkers to identify

patients who respond to sorafenib.

4. Complete the ongoing study examining the ability of rifampin to alter the

pharmacokinetics of sorafenib. _

5. Complete the ongoing study examining the pharmacokinetics of sorafenib in

patients with renal impairment.

Clinical Studies Summary:

Study 11213 is an intemational, multicenter, double-blind, randomized, phase 3,
controlled study comparing sorafenib plus best supportive care (BSC) to placebo
plus BSC in subjects with advanced RCC who received 1 prior regimen of
chemotherapy or immunotherapy. The trial randomized (1:1), using a blinded
computer generated central list stratified by Motzer category and country,
patients to receive sorafenib (400 mg twice daily, total daily dose 800 mg) or
placebo in an uninterrupted daily schedule. In the original protocol all patients
were to be followed for survival.

For details on enroliment criteria, please see Dr. Kane’s review.

Nine hundred seventy-six subjects with advanced RCC were enrolled; 769 were
randomized (efficacy, intent-to-treat [ITT] population) and 768 were treated with
at least 1 dose of study drug (safety population). The majority of patients enrolled
were white and male. The median age was 58. Demographics and disease
characteristics were relatively well-balanced between treatment arms. The mean -
duration of disease prior to study enroliment was approximately 3 years and the
mean duration of metastatic disease was 1.3 years. Ninety-three percent had
received prior nephrectomy. Eighty-two percent of patients had received prior
cytokine therapy. Seventeen percent of patients received one prior therapy as
part of neoadjuvant or adjuvant therapy.

For other details on demographics and disease characteristics as well as
analysis populations, please see Dr. Kane’s review.

Results

The table below demonstrates the efficacy results from the PFS analysis.



Trial 11213 PFS resulfs

Placebo sorafenib
N =385 N =384
Total failed (n=342) 195 (50.6%) 147 (38.3%)
Total censored (n=427) 190 (49.4%) 237 (61.7%)
Median PFS (days) 84 167
95% CI for median (78, 91) ' (139, 174)
Hazard ratio 0.44 (0.35,0.55)
(sorafenib/placebo) (95%
confidence interval)
95% Cl for hazard ratio (0.35, 0.55)
P-value p<0.0000001

The improvement in PFS for all subgroups was seen in all subgroups (men,
women, those < 65 years, those 2 65 years

The overall best confirmed response rate for the sorafenib treatment was 2.1%
compared to 0% for the placebo group (independent assessment). The overall
best confirmed response rate for sorafenib treatment was 9% compared to 1.5%
for the placebo group (independent assessment). All responses were patrtial
responses. However the sponsor noted that a number of the responses were
less than partial. Please see the sponsor’s depiction of responses by treatment
arm below (sponsor’s figure 11-5) from the clinical study report.



Figure 11.5: Maximum Percent Reduction of Target Lesions by Subject, Using
Independent Review of Scans
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Reviewer’'s Comment: Although sorafenib treatment was not associated with
many partial responses, the figure above suggests that tumor responses did
occur.

In the sponsor’s table below the maximum percent reduction in target lesion is
summarized by treatment group in the 11213 study.

11213: Max % Reduction in Target SLD from BL
(Independent Review Data)

Population: Patients valid for response analysis

Placebo Sorafenib

Max % Reduction in Target SLD N % N %
(sum of longest diameter) from
Baseline
% reduction>30% 5 1.5 29 8.7

-| % reduction>20% but <=30% 6 1.8 40 11.9
% reduction>10% but <=20% 7 2.1 77 23.0
% reduction>0% but <=10% 39 11.6 69 20.6
% growth>=0% 223 | 66.2 77 23.0
Missing 57 16.9 43 12.8

Sponsor’s Table

Survival Analysis

Due to the termination of the randomized design, the sponsor agreed to perform
an interim survival analysis on the blinded data. At the time of a planned interim
survival analysis, based on 220 deaths, overall survival was longer for sorafenib



arm than the placebo arm with a hazard ratio (Nexavar over placebo) of 0.72
(95% CI: 0.55, 0.95; p=0.018). This analysis did not meet the prespecified
criteria of p<0.0005 for statistical significance. A final analysis is planned in the
future.

The phase 2 study enrolled 202 patients with advanced RCC, all initially treated
with sorafenib for 12 weeks and then entered into a randomized discontinuation
design where patients with advanced RCC who had less than a 25% tumor
response but no evidence of progression were randomized to either continued
sorafenib treatment or to discontinue sorafenib treatment. The progression-free
rate at the end of the 12-week randomization period was statistically significantly
different (i.e., higher) for the sorafenib group than that for the placebo group.
Overall, 50.0% (16/32) of subjects randomized to sorafenib and 18.2% (6/33) of
subjects randomized to placebo were progression-free at 12 weeks after
randomization (P value = 0.0077). The median progression-free survival (PFS)
was also statistically significantly different (i.e., longer) for subjects randomized to
sorafenib (163 days) than for subjects randomized to placebo (41 days, P value =
0.0001). Sorafenib was restarted in 26 patients who were randomized to the
discontinuation arm and subsequently progressed. For these 26 patients the time
from restating sorafenib to end of treatment (toxicity/progression) was 24 weeks.

For details regarding other secondary endpoints and the randomized
discontinuation trial, please see Dr. Kane's review.

Sponsor’s Review of the Literature

The sponsor performed a literature analysis for randomized controlled trials in
patients with advanced renal cell cancer which reported both progression-free
survival (PFS) and overall survival (OS) results.

Sponsor’s Literature Review of Randomized Controlled Trials (RCT) in Patients
with Advanced and/or Metastatic Renal Cell Cancer Reporting PFS and OS

Study/Author Design Results

Atzpodien J et
al.’

RCT 341 patients
with metastatic
disease randomized
to one of 3 treatment
arms

3 year PFS Arm Avs. B and —no
statistically significant difference, Arm B vs.
C p=0.0248

OS median Arm A 25 months, Arm B — 27
months, Arm C -16 months, Arm B vs. C
p=0.02

Atzpodien J et
al.?

RCT 78 patients with
metastatic disease
randomized to one of
2 treatment arms

PFS median 7 vs. 0 months (p<0.0001)
OS PFS median 24 vs. 13 months (p=0.03)

McDermott et.
al.

RCT 192 patients
with metastatic
disease randomized
to one of 2 treatment
arms

No statistically significant difference in PFS
or OS between treatment arms '

Medical

RCT 350 patients

PFS (hazard ratio 0.72 95% C10.56,0.92,
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Research randomized to p=0.01)
Council Renal Interferon versus OS (hazard ratio 0.72 95% CI 0.55,0.94,
Cancer medroxyprogesterone | p=0.02)

Collaborators* acetate

Mickisch GHJ | RCT 85 patients - PFS median 5 vs. 3 months (hazard ratio
etal® randomized to radical | 0.60 95% CI 0.36,0.97, p=0.04)
nephrectomy plus OS median 17 vs. 7 months (hazard ratio

interferon-a versus 0.54 95% Ci 0.31,0.94, p=0.03)
interferon-a alone

Pyrhonen et al. | RCT 160 patients PFS median 13 weeks vs. 9 weeks,

8 randomized to p=0.0001

Interferon alfa-2a plus | OS median 68 vs. 38 weeks p=0.0049
vinblastine versus
vinblastine alone

Reviewer's Table

Overall Safety Assessment

Adverse Events (AES)

Treatment emergent AEs seen in 5% or more of the sorafenib treated patients
enrolled in the major study included: Blood/Bone Marrow (decrease hemoglobin),
Cardiovascular (hypertension), Constitutional (fatigue, fever, constitutional
symptoms-other, weight loss, sweating), Dermatologic (rash, hand-foot
syndrome, alopecia, pruritis, dermatologic-other, dry skin, flushing),
Gastrointestinal (diarrhea, nausea, anorexia, vomiting, constipation,
gastrointestinal-other, mucositis), Infection, Lymphatics (edema),
Musculosketetal, Neurology (sensory neuropathy), Pain (multiple sites), and
Pulmonary (cough, dyspnea, other).

Grade 3-4 AEs

Thirty-one percent of sorafenib treated patients had grade 3 treatment emergent
AEs compared with twenty-two percent of placebo treated patients. Seven
percent of sorafenib treated patients had grade 4 treatment emergent AEs
compared with six percent of placebo treated patients. These treatment
emergent AEs seen in 2% or more of the sorafenib treated patients enrolled in
the major study included: Blood/Bone Marrow (decrease hemoglobin),
Cardiovascular (hypertension), Constitutional (fatigue), Dermatologic (hand-foot
syndrome), Gastrointestinal (diarrhea), Pain (tumor), and Pulmonary (dyspnea).

Serious Adverse Events (SAES)

Thirty-four percent of sorafenib treated patients had treatment emergent SAEs
compared with twenty-four percent of placebo treated patients. These treatment
emergent SAEs seen in 1% or more of the sorafenib treated patients enrolled in
the major study included: Blood/Bone Marrow (decrease hemoglobin),
Cardiovascular (cardiac ischemia/infarction, cardiopulmonary arrest,
hypertension), Constitutional (fatigue, other), Death —not associated with
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progression, Gastrointestinal, Muculoskeletal (fracture), Pain (tumor), Pulmonary
(dyspnea) and Renal (failure).

Discontinuations

Ten percent of sorafenib treated patients had AEs leading to permanent
discontinuation compared with eight percent of placebo treated patients. These
AEs seen in the sorafenib treated patients enrolled in the major study included:
Blood/Bone Marrow (decrease hemoglobin), Cardiovascular (cardiac
ischemial/infarction, cardiopulmonary arrest, hypertension), Constitutional
(fatigue, other), Death —not associated with progression, Dermatologic (hand-foot
syndrome), Gastrointestinal (diarrhea, vomiting), Metabolic (amylase),
Muculoskeletal (fracture), Neurology, Pain (tumor), Pulmonary (other, dyspnea,
effusion, pneumonitis) Renal (failure) and Vascular (thrombosis/embolism). The
most common reasons for dose interruption were hand-foot reaction,
hypertension, and diarrhea. When these sorafenib treated patients resumed
treatment, they were usually given dose reductions.

For further details, please see Dr. Kane’s review of this NDA.

Division of Scientific Investigations

For additional details, please see the Division of Scientific Investigations report.

Discussion

Conclusions and Recommendations

On July 6, 2005, Bayer Pharmaceuticals submitted this New Drug Application
(NDA) for sorafenib, an oral multi-kinase inhibitor, a new molecular entity, for the
treatment of patients (pts) with advanced renal cell cancer (RCC). The
submission consisted of two studies for the proposed indication in this
population. :

In the phase 3 study, sorafenib treatment resulted in an improvement PFS for
RCC patients compared with control. The median PFS was improved from 84
days in the control group to 167 days for sorafenib; hazard ratio = 0.44; p <
0.000001. In the phase 2 randomized discontinuation trial for the subset of
patients with RCC. The study demonstrated that the progression-free rate at the
end of the 12-week randomization period was statistically significantly different
(i.e., higher) for the sorafenib group than that for the placebo group. Overall,
50.0% (16/32) of subjects randomized to sorafenib and 18.2% (6/33) of subjects
randomized to placebo were progression-free at 12 weeks after randomization (P
value = 0.0077). The median progression-free survival (PFS) was also
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statistically significantly different (i.e., longer) for subjects randomized to
sorafenib (163 days) than for subjects randomized to placebo (41 days, P value =
0.0001).

The major toxicities observed with sorafenib treatment included: dermatologic
(rashes, hand-foot syndrome), gastrointestinal (diarrhea), constitutional (fatigue,
fever, weight loss, sweating, other), cardiovascular (hypertension), blood/bone
marrow (decreased hemoglobin) and neurologic (neuropathy).

The sponsor presented a review of the literature and listed 6 randomized trials
which had positive overall survival results and the corresponding PFS result. Five
out of six of these trials had a statistically significant improvement in PFS. This
reviewer reviewed the 6 articles the sponsor presented and concurred with the
sponsor’s assessment. An effect on PFS resulting in prolongation over control
appears to translate into a similar result for survival; thus, this application is
recommended for regular approval.

Based on the results contained in this NDA submission, this reviewer
recommends regular approval.

Bayer should continue to follow patients enrolled in study 11213 and provide the
division with a final safety and survival analysis based on mature data for all
patients enrolled in the major study.

Dr. Kane’'s review has a number of suggestions for additional study. These
suggestions should be forwarded to the company.

! Atzpodien J, Kirchner H, Jonas U, Bergmann L, Schott H, Heynemann H, Fornara P, Loening SA,

Roigas J, Mu'ller SC, Bodenstein H,Pomer S, Metzner B, Rebmann U, Oberneder R, Siebels M,

Wandert T, Puchberger T, and Reitz M. Interleukin-2— and Interferon Alfa-2a-Based

Immunochemotherapy in Advanced Renal Cell Carcinoma: A Prospectively Randomized Trial of the

German Cooperative Renal Carcinoma Chemoimmunotherapy Group (DGCIN) Journal of Clinical Oncology 2004,
1 22(7):1188-94.

z Atzpodien J, Kirchner H, llliger HJ, Metzner B, Ukena D, Schott H, Funke PJ, Gramatzki M; von Jurgenson S, Wandert
T, Patzelt T, Reitz M and (DGCIN) German Cooperative Renal Carcinoma Chemoimmunotherapy Group. IL-2— in
combination with IFN-a and 5-FU versus Tamoxifen in Metastatic Renal Cell Carcinoma: Long-Term Results of a
Controlled Randomized Trial. British Journal of Cancer 2001, 85(8):1130-36.

- 3 McDermott DF, Regan MM, Clark JI, Flaherty LE, Weiss GR, Logan TF, Kirkwood JM, Gordon MS, Sosman JA,
Ernstoff MS, Tretter CPG, Urba WJ, Smith JW, Margolin KA, Mier JW, Gollob JA, Dutcher JP, and Atkins MB.
Randomized Phase lll Trial of High-Dose Interleukin-2 Versus Subcutaneous Interleukin-2 and Interferon in
Patients With Metastatic Renal Cell Carcinoma. Journal of Clinical Oncology 2005, 23(1):133-141.

* Medical Research Council Renal Cancer Collaborators. Interferon-a and Survival in Metastatic Renal Carcinoma: Early
Resuits of a Randomised Controlled Trial. Lancet 1999, 353:14-17.

3 Mickisch G H J, Garin A, van Poppel H, de Prijck L, Sylvester R, and members of the European Organisation for
Research and Treatment of Cancer (EORTC) Genitourinary Group. Radical Nephrectomy plus Interferon-alfa-based
Immunotherapy Compared with Interferon alfa Alone in Metastatic Renal-cell Carcinoma: a Randomised trial. Lancet
2001, 358:966-70.
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Addendum to Medical officer NDA review for Sorafenib - Nexavar
Addenda and clarifications 12/13/05

Since submission of the clinical NDA review to DFS, additional notes and changes are included
here. '

I. Phase 4 commitments fdr Nexavar

New text - revised:

1.2.2 Required Phase 4 Commitments

Bayer should continue to follow all patients in study 11213 “A phase 3 randomized study of
BAY43-9006 in patients with unresectable and/or metastatic renal cell cancer” for the survival
outcome and provide those results to the FDA. However, given the early study termination and
cross-over of patients to sorafenib, regular approval should be granted upon a finding of
statistically significant improvement in overall survival or upon the completion of the survival
analysis provided there is no finding of an adverse survival effect of sorafenib. The study also
should continue to follow all patients to provide further experience regarding duration of
exposure for sorafenib safety and tolerance.

Clinical- Required post-marketing commitments:

1) Provide the results of the statistical analyées of overall survival after approximately 270
events and after approximately 540 events as described in the "modified analysis plan for
overall survival for study 11213" dated August 18, 2005

2) Provide the complete study report within 6 months of the time that the definitive
statistical analysis of overall survival is performed on the following study:
Study 11213: “A phase 3 randomized study of BAY43-9006 in patients with unresectable
and/or metastatic renal cell cancer”

1.2.3 Other Phase 4 Requests

A: Hemorrhage has been reported in association with sorafenib, in particular involving the skin,
nails, and GI tract. The applicant should perform a study of platelet function T Jor similar
assay) in patients before and during sorafenib therapy to ascertain if platelet function is impaired
by sorafenib.

B: Hypophosphatemia occurs commonly and is an unusual adverse event of anti-neoplastic
therapy. The applicant should study further the mechanism of hypophosphatemia. If renal tubular
re-absorptive function is altered by sorafenib, other substances in plasma may have altered renal
handling as well.



C: Thyroid changes and hypothyroidism were observed in some nonclinical studies of sorafenib
and are associated with inhibition of tyrosine kinase activity. Although only 2 sorafenib-treated
patients were diagnosed with clinical hypothyroidism in the phase 3 study, this was not
prospectively assessed in the study. The sponsor should conduct a prospective study to assess
changes in thyroid function in a cohort of sorafenib-treated patients over time.

D. Sorafenib is the first in the class of raf-kinase inhibitors to receive FDA approval. It is also a
VEGF-R inhibitor. Bevacizumab, a monoclonal antibody VEGF inhibitor, has been associated
with thrombosis, hemorrhage, and surgical wound healing delays. In the controlled studies of
sorafenib to date, only a modest number of patients have been at risk for such complications. The
applicant should propose and implement a plan: (1) to monitor arterial thrombosis and
hemorrhage in a larger population of patients and (2) to monitor wound healing in patients
requiring surgical procedures while receiving sorafenib.

Original text:
1.2.2 Required Phase 4 Commitments

Bayer should continue to follow all patients for the survival outcome and provide those results to
the FDA. However, given the early study termination and cross-over of patients to sorafenib,
regular approval should be granted upon a finding of statistically significant improvement in
overall survival or upon the completion of the survival analysis provided there is no finding of an
adverse survival effect of sorafenib. The study also should continue to follow all patients to
provide further experience regarding duration of exposure for sorafenib safety and tolerance.

Sorafenib is a new molecular entity, small molecule, and it would be the first in the class of raf-
kinase inhibitors to receive FDA approval. It is also a VEGF-R inhibitor. Bevacizumab, a
monoclonal antibody VEGF inhibitor, has been associated with thrombosis, hemorrhage, and
surgical wound healing delays. In the controlled studies of sorafenib to date, only a modest
number of patients have been at risk for such complications. The applicant should propose and
implement (with FDA concurrence on the details) a plan: (1) to monitor arterial thrombosis and
hemorrhage in a larger population of patients and (2) to monitor wound healing in patients
requiring surgical procedures while receiving sorafenib.

1.2.3 Other Phase 4 Requests

Hemorrhage has been reported in association with sorafenib, in particular involving the skin,
nails, and GI tract. The applicant should perform a study of platelet function (C 3 or similar
assay) in patients before and during sorafenib therapy to ascertain if platelet function is impaired
by sorafenib.



Hypophosphatemia occurs commonly and is an unusual AE of anti-neoplastic therapy. The
applicant should study further the mechanism of hypophosphatemia. If renal tubular re-
absorptive function is altered by sorafenib, other substances in plasma may have altered renal
handling as well.

Thyroid changes and hypothyroidism were observed in some nonclinical studies of sorafenib and
are associated with inhibition of tyrosine kinase activity. Although only 2 sorafenib-treated
patients were diagnosed with clinical hypothyroidism in the phase 3 study, this was not
prospectively assessed in the study. The sponsor should conduct a prospective study to assess
changes in thyroid function in a cohort of sorafenib-treated patients over time.

The applicant should inform physicians specifically of the unusual AE findings associated with
sorafenib therapy, in particular the expected elevations in lipase, reductions in phosphate, and the
elevations in blood pressure which may occur.

Reviewer Comments regarding the post-marketing commitments and text changes:

1.2.2: :

Overall survival is a primary study endpoint and is being followed by Bayer. The first interim
survival analysis has been completed and submitted. Additional survival information in the form
of a (second) pre-specified interim survival analysis is anticipated within the next 2 — 3 months.
The text revisions in section 1.2.2 restate the commitment in a more standard format.

1.2.3:

A: As of the safety update, bleeding events were reported in 69 (15.3%) sorafenib patients and
37 (8.2%) placebo patients. The large majority were grade 1 and 2. The most common AE term
was hematoma, all Grade 1, which was reported in 19 (4.2%) sorafenib patients and 5 (1.1%)
placebo patients. The second most common bleeding event was categorized in CTCAE as
“Hemorrhage-other.” The 19 cases of “Hemorrhage-other” in the sorafenib group included 9
cases of Grade 1 subungual hemorrhage (8 of the 9 reported in France), 3 cases of hemoptysis
(one of which was Grade 2 and two of which were Grade 1), 2 cases of gastrointestinal bleeding
(one of which was Grade 1 and one was Grade 2), 1 case each of gum bleeding, hemorrhoidal
bleeding, hematuria, and epistaxis, and 1 case of Grade 5 esophageal bleeding associated with
progression patients. In addition, there were two other patients in single-agent sorafenib studies
with SAEs in the Hemorrhage category: a case of recurrent hemoptysis, ultimately fatal, in a
patient with squamous cell NSCLC and a case of Grade 4 hematemesis, which resolved, in a
patient with hepatocellular carcinoma. The pattern of hemorrhage, involving skin and mucosal
surfaces, is suggestive of a platelet function defect. This can be examined by a lab procedure, the
| ¢ 2 assay.

B: Hypophosphatemia occurred in 40% of the sorafenib-treated patients compared to 7% of the
placebo patients. Changes in renal tubular function would most likely be the cause of this



alteration. Although the applicant did not observe clinical consequences of this finding, more
information is needed to understand its pathogenesis.

C: Two sorafenib-treated patients and no placebo-treated patients were diagnosed with
hypothyroidism during the trial. In non-clinical studies, hypothyroidism and thyroid gland
histopathological changes were observed sufficiently for the pharm-tox reviewer to note this
pathology.

D. This commitment to examine thrombosis, hemorrhage, and wound healing related to surgical
procedures has been moved to this section to allow additional discussion with the applicant
regarding settings in which these concerns may be assessed most efficiently. The applicant may
be able to address this commitment through scenarios such as adjuvant or neo-adjuvant use of
sorafenib in RCC or in other conditions or in current studies.

Sorafenib is a new molecular entity, small molecule, and it would be the first in the class of raf-
kinase inhibitors to receive FDA approval. It is also a VEGF-R inhibitor. Bevacizumab, a
monoclonal antibody VEGF inhibitor, has been associated with thrombosis, hemorrhage, and
surgical wound healing delays. In the controlled studies of sorafenib to date, only a modest
number of patients have been at risk for such complications. The applicant should develop a
plan: (1) to monitor arterial thrombosis and hemorrhage in a larger population of patients and (2)
to monitor wound healing in patients requiring surgical procedures while receiving sorafenib.

Among the 385 sorafenib-patients, 40 had a procedure during the study, most of which were
biopsies or endoscopies. Two had a laparotomy, and one each had a lower lip biopsy, hernia
repair, oral surgery, small bowel resection, laminectomy, bone pinning, clavicle repair, and hip
fixation. There were no cases of post-operative wound dehiscence or other wound complications.
No formal studies of the effect of sorafenib on wound healing have been conducted.

Regarding arterial thrombosis, as of the safety update, cardiac ischemia/infarction occurred in
13/451 sorafenib patients versus 2/452 controls. CNS ischemic events were reported in 1
sorafenib patient and 4 controls; arterial thrombosis/embolism was reported in 6 sorafenib
patients and 6 controls; and phlebitis was reported in 2 sorafenib patients and no controls.
Almost all patients with cardiac events had an antecedent history of risk factors such as coronary
artery disease and/or hypertension and/or diabetes; however, the dlfference in incidence between
the sorafenib and the placebo groups is concerning. :

II. Other addenda/corrections to the clinical NDA review:
In section 2.2, other FDA approved products for treatment of renal cell carcinoma:

Medroxyprogesterone acetate injectable suspension (Depo-Provera) also has received
FDA approval for "adjunctive therapy and palliative treatment of inoperable, recurrent,
and metastatic ... renal cell carcinoma in doses of 400 mg to 1000 mg intramuscularly
weekly.
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