Provenge Phlll Trials T The Alternative Explanation of Survival Results
One-page Summary

1 Placebo patient®st, on averagef3% of their circulating mononuclear cellsthrougheach apheresis/infusion
procedureAt least50% ofapheresedells werelostn pur i fi cati ons steps at Den
and a further 2/3 were kept back from patientd frozen
Placebo patients lost theg&% of cellsthree times at 2 week intervas.
The human bodias several mechanisms to restwrerall T-cdl counts and this lymphocyte removal would
have no consequences in healthy individuals through most of their livethdgliramaticagerelated changes in
the immune systemat occur around the age of-88, implythat thereplacement cellsin circulation arenot of
the samesubtype or diversity as theT cells that were removed.
1 There is strong evidence to suggest tiath tcell diversity andhet-cell subtypewhichthe elderly arémpaired
in replacing play acentral role in tumor suppression.
1 Itis therefore unclear whether the 4 month survival difference between the armthiredfrovenge Phlll trials
can be attributed to Provenge efficaryshould battributedtcthar m i nf |l i ct ed on bythee Ty
removal of a vital part ohkir innate cancdighting defensg

=A =

I If placebo immunodepletion is indeed the intervention responsible for the survival difference between the group
it would imply thatProvenge treatment itself is harmful to patientsdue to the >50% of their cells koduring
Provenge manufacture, and is shortening, not extending the lives of prostate cancer paisents.
immunodepletion potentially reduces survitgl>5-6 monthsUntil it can beproven that immunodepletion did
not harm placebo patits) there is risk teveryprostate cancer patient being exposed to this treatment.

There arananyfeatures of the Provenge Phlll trial data thia unexpected/inexplicakifehe 4month survival
difference is attributed to Provenge efficagyl of these featurewould be expected thesurvival differences attributed
toimmunodepletiorbeing harmful to cancer patients >65 yrs of:age

9 Patients younger than 6ffom any arm of the trials hadmaedian survival of 229 months, compared to 23.4
monthsfor the Provenge patients over 65, dfd3 months for the placelpatients over 65Age is notprognostic
for survivalin prostatecancer These data ar e my s The dramatic ignmuné chdahges thag n |
occur & age65-70 suggesthatpaitents <65 couldstill recover fronthe gplaceb@immunodepletion without
obviousconsequence, whereas older patigntsi mmu n ecousd naréceven $o their prdous stateandwith
this change lost much of thaiancerfighting ability.

1 The absence dfurvival difference between treatmemtrs in patients <65 (~one quarter of all patients) is
inexplicable if Provenge works by its proposed mechalffisriess they had better prognosis, for which there is
no evidence publicly available)

9 Comparison of medin survivals and baseline prognostic factors in the Provenge asymptomatic and minimally
symptomatianCRPC trials to the 3 most recent major trialalirstageCRPC strondy suggestshat the placebo
arm in particular should have lived longer than thely di

1 This same comparison also sugg@stsarticular thathe early (<1 year) death rate in placebo patieatsmuch
higher tharwould have been anticipatgilzen theearly stage of their disease.

1 Provenge has never been shdawhave anttumor effectstherin vivo or in vitrodespite a decade of effotts
shed light on how it might be workin@ hus to believe Provenge works is to admit that our understanding of the
immune system in cancer is extremely limited. But the person making this admissiohtbarafore
simultaneouslylaimthat immunodepletion did not damage the placebo group. The proposed mechanism by
which i mmunodepletion could result in shortened s
with our best and most recemientific research on immune aging and cancer immunology.



Document Overview:

1. Placebo Arm active intervention p2
2. Explanation of Immune Aging and Cancer p6
3. Evidence in Trial Data does not favor Provenge efficacy pl0
4. Summary & Conclusions p21
1 Appendixes p22

1. Placebo arm Immunodepletion= NO Placebo

All three of the fiplacebecontrolled phase 111 studiefor Provengéhad the saméplaceb@design First,
patientsin both armsunderwent 1.8 blood volume mononuclear cell leukaphsisk 2. Assuming 5.25L of
blood (men in this study were a little abeareerage of 5L), this equated t€l8.5 L of blood leukapheresed.
For the drug arrProvenge was prepared using all of tediscollected in this mannemnd infused in its entirety
bad into the patientsPlacebgpatients howeverhad 2/3 otheir leukapheresed cefi®zen(in order that they
couldbe offeredProvenge manufacturdém the thawed cellspon disease progression) and received back
only 1/3 of the cells that had been @rad by leukapheresis®. Trial participants underwent thisocedure3
times at 2week intervals, each time with the placebo patients receiving only 1/3 of their cells back.

Dendreon has provided cumulative cell product parameters administered ik Pbase |11 triafs As
shown in the tablehe median TNCs (total nucleated cells) infused into Provenge patients over 3 doses was
9.8x10, whereas for placebo patients it was 3.4x10

Table 19: Cumulative Cell Product Parameters Administered in Safety Database

Sipuleucel -T Placebo
N=601 N=303
Median (range) Median (range)
9.831x 10° 3.384x 107
TNC ) By 9 .-
(0.843x 10°to 35.974x 10") (0.093 x 10" t0 8.626 x 10°)
D54+ 1.877x 10° , 0.879 x 10° ,
s (0.108 x 10” to 8.600 x 107) (0.003 x 10° to 6.988 x 107)
CD54+ 26.959 2.683
upregulation (2.900 to 69.648) (0.063 to 4.060)
Ratio

As shown in Table 20, subjects in the sipuleucel-T group received infusions with a higher
median cumulative TNC, CD354+ cell count, and CD54 upregulation ratio, compared with
subjects in the placebo group. These higher values reflect expected differences between the
study product, sipuleucel-T, and the placebo.

Approximately96% of these nucleated cells were shown td lmells, B cells,monocytesand natural killer
cells (Appendix A) Thusplacebo paénts were given a median of 6 480° fewer lymphocytes/monocytes
back than Provenge patients.

! Small et al, PlacebGontrolled Phase Ill Trial of Immunologic Therapy wiipuleucelT (APC8015) in Patients with Metastatic,
Asymptomatic Hormone Refractory Prostate Canté&tin Oncol(2006)http://jco.ascopubs.org/cgi/content/full/24/19/3089

2 Small et alJmmunotherapy of HormonRefractory Prostate Cancer with Antigenaded Dendritic Cell§ Clinical Oncology 2000
http://jco.ascopubs.org/cgi/content/full/18/23/3894

3 March2007 CTGT Adisory Committee Meeting, Sipuleu€€lBriefing Document
http://www.fda.gov/ohrms/dockets/ac/07/briefing/20P91B1 01.pdf

“ Higano et al, Integrated Data From 2 Rand@ujzDoubleBlind, PlacebeControlled, Phase 3 Trials of Active Cellular
Immunotherapy With Sipuleucdl in Advanced Prostate Canc@ancer2009;115:36709

® Clinical Review, SipuleuceTl, Review Completion Date 04/28/2010, p56:
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf



http://jco.ascopubs.org/cgi/content/full/24/19/3089
http://jco.ascopubs.org/cgi/content/full/18/23/3894
http://www.fda.gov/ohrms/dockets/ac/07/briefing/2007-4291B1_01.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf

Further,asdetailed in Appendix Bover 6346 of nucleated cellsvere lostin the two buoyant density
centrifugation stepthat transfornthe raw apheresis product receivedhat Provengenanufacturing facility

into the finished product thad re-infused into patient&his loss of cells applies to both Provenge and placebo
patients.

This loss, added to the 2/3 of their cells that are frorean thathe median placebo patient is in féading
7.8x10° lymphocytes/monocytes 3 times an2ek inervals.

Mononuclear celleukapheresis procedure spblood at just such a speed agteferentially precipitate the
desiredymphocyte andnonocyte fraction, leavingost ofthe neutrophils athother granulocytes in the blood
re-entering the patient§o althoughProvenge and placebo infusions w8686 pure infusions of lymphocytes
and nonocytesthese cell®nly constitute approximately 300% of the white blood cells in circulating blood.

Dendreon provided patient baseline white blood cell c8unts

Table 8: Summary of Baseline Laboratory Values, Intent-to-Treat Population.

Laboratory Sipuleucel-T (n=341) Placebo (n=171) N AR

Evaluation Median Median Sormat Bange
Alkaline Phosphatase

31-13
(U/L) 99 109 31-131
Hemoglobin (g/dL) 12.9 12.7 12.5-18.1
Serum LDH (U/L) 194 193 53-234
<27-<72
Serum PSA (ng/mL) 51.71 47.19 (Age-dependent
cut-off values)
Sermum PAP(TTUT) 27 32 0l1-172 -
White Blood Cell
( count (10¥/uL) 6.15 5.98 3.8-10.7 )

Lymphocyte count N J .
(10°/uL) 1.44 1.41 0.8-3.0

Using the5.25 L estimation for the volume of blood in this populatitire menin this trialcan be calculated to
have had an averagé 6x10° * 5.25¢1(° circulatingwhite blood cellst baseline, or B5x10°. Assuming66%
of these to bgranulocytespatients had an average & 10’ circulatinglymphocytes/monocytes at baseline.

Thus,on average, placebo patients Magk10’ of their baseline M10°, or 73%, of theircirculating
lymphocytegmonocytesemovedwith each treatment cycl@ppendix B for details)Thusover 3 such cycles,
placebopatients unwittingly underwent the removaladignificant number othe baselineT cells, B cells,

natural killers cells and dendritic cells upon which they were singularly dependent to fight their prostate cance

n.b. these calculations are based upon medians, and individual patients will have undergone far gfaater and
lesscell removakhan this median.

Nobody hasquestionedthe potential impact of this imbalance immunodepletion

It is clear in the 16+ FDA documents relating to the Provenge Blird@m the 2007 panel transcriphd from
conversations with investgors that the potential impact of this immunodepletion hasrrizeerconsidered
There are many studies speaking toitladility even of young, healthy volunteers to fully recover from
repeated immunodepletion:

1 Wright et al.Lymphocyte depletion and imunosuppression with repeated leukapheresis by
continuous flow centrifugation Blood 1981;58:45B.

® Clinical Review, SipuleuceT, Review Corpletion Date 04/28/201(28:
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProdM24A4840.pdf
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1 Kolf et al. Sustained decreases in lymphocyte counts in serial kgrgn leukapheresis donors
Transfusion 2003;43:S288A.

1 Koepke et alThe safety of wedky pl at el et pheresis: effect on t

Transfusion 1981;21:563.

Senhauser, et dmmune system changes in cytapheresis dondmansfusion 1982;22:302.

Strauss et aEffects on donors of repeated leucocytes losses duriagetetpheresis) Clin Apheresis

1994;9:1304.

1 Heal, et alLong-term follow-up of donors cytoapheresed more than 50 timéex Sanguinis
1983;45:1424.

1 Wolf et al,Leukapheresis for the extraction of monocytes and various lymphocyte subpopulations
from peipheral blood Vox Sanguinis, 2005

9 Strasseet al, Mononuclear cell variability and recruitment in noftytokine stimulated donors after
serial 10liter leukapheresis procedured§ransfusion, 2005

In the most recent of these studies by Strasser et aj lesikapheresis machinssch as thosm usein the
Provenge trials and still toda¥3 young, healthy men underwent four 10L leukapheresis proceduregeak?
intervals.The average 28 MNCs dispensed from these individuals matched exactly the 9.841Cs in the
apheresis product dispensed from patients to make Provenge (see Appendix B for details).

2 weeks after the last LP procedure, the men in the trial had statistically significantihMdiecounts:
 CD3+ T cells (x18/L) 1.29 (before) 1.00 (adt) -22.5% (p=0.006)
 CD3+4+ T cells (x18L) 8.20 (before) 6.66 (after) -18.8% (p=0.03)
 CD3+8+ T cells (x18L) 3.89 (before) 3.21 (after) -17.5% (p=0.04)
 CD19+ B cells (x18L) 2.74 (before) 2.27 (after) -17.2% 0=0.24, NS)

Only 5 of the 13 donorsi{ieither case) were available forahd 3 year MNC counts (n.b. not the same 5
donors in each comparison to baseline). Compared to the first predonation count of the study, they found:

1 CD3+ T cells diminished by 25% at 2 years (p=0.05) 20% at 3 year§p=0.31)
1 CD3+4+ T cells diminished by  18% at 2 years (p=08)
1 CD3+8+ T cells diminished by  35% at 2 yeargp=0.07)
1 CD19+ B cells were only lessened by 3% at 2 years and 12% at 3 years.
Al t h o u gdcebd gatentdinphe Provenge studiesceived28% of these cells backdays after each

remova) and underwent one fewer such procedura tha men in the Strasser trial, it is clear that we do not
know the potential impact of this intervention on overall survival.

While the circulating cell loss miht not appear dramatic in the-46methings in this study, the agdated
changes in the immune system are dramatic (details in next section), and the impact of this immunodepletion
the elderly patients with mCRPC in the Provenge studies could @dkehavebeen catastrophic.

Consequence of placebo being an active intervention

In 1999 when investigators and the FDA agreed upon the trial design, scientists did not yet have much of the
understanding that we have gained over the last 10 years agehslated changes in theamune system.
Leukagheresis is performeat blood donation centeos) hundreds of volunteers who have agreed to

specifically donate white blood celisid, despite the significant cell count declines 2 years later shown in the



study cited, has resulted in no negative consequences sufficiently obvious to have been noticeddo date. F
most of a personéd6s |ife, as t he arbquteydhsBundozemsaini s m
experiments are now showing the pnarid changes that occur in the immune system around the ag&0f 65

and showing the decline in tlheo d sbditg to replace certain cell subtypes after this age. It will be shown,
perhaps even in the next few years, if immunodepletion by leukaphedoesigndeed, as one might expesiter

the immune systems of the elderly in ways that it does not impact younger people. Any alterations involving t!
cellular subtypes that are involved in identifying or killicancer cells have obvious implications foe t

potential harm that leukapheresis might pose to elderly patients fighting metastatic tumors. Certain studies
ongoing today could even be directed to this purpose

Whil e t he pl ac etoweem,ltaoulhexplanias shownibelow)iall of thausual features of

the Phlll trial results. These seddme features cannot be plausibly explained in the context of Provenge
efficacy, and have either been dismissed as extreme chance occurrences, not considered at all, or glossed o
as consequences @dir poor understanding of cancer immunology. Lacking any other factors that speak to the
relative claims of each intervention to have caused the survival diffeismestific and logical first

principles dictate that placebo harm is the more likely intevention to have resulted in this dataset.

Until it can be provethat placebo patients were not harmed, the studies upon which Provenge was approved
are invalidand we have no proof this drug is benefickalrthermore, ithis immunodepletios accoutable

for the shorter survival gilacebo patients, it follows that Proverigeatment is alsbarmfulsince they lose at
least75% ofthe number of cells taken from placebo patients due to the large number of cellflosirv e n g e
manufacturing proces$here is data to suggest Provenge intervention could shorten life expectancy by
greater than 5.5 months.

The burden of prooflies with the companythat designedand ran the trial and the agencythat approved
the protocol: they must prove that placebo mmunodepletion was not harmful before theycan justify
claims of Provenge efficacyUntil then, treating a singlefurther patient would be unethical and a
liability . And until then, taxpayers should not be made to pay for a single Medicare patient umglénggi
intervention.

" http://clinicaltrials.gov/ct2/show/NCT00104326ttp://clinicaltrials.gov/ct2/show/NCT000@80?term=apheresis&rank=7
http://clinicaltrials.gov/ct2/show/NCT00067054?term=apheresis&rank=11



http://clinicaltrials.gov/ct2/show/NCT00104325
http://clinicaltrials.gov/ct2/show/NCT00073060?term=apheresis&rank=7
http://clinicaltrials.gov/ct2/show/NCT00067054?term=apheresis&rank=11

2. Immunodepletion in Elderly Cancer Patients

To gain a better understanding of preential thaimmunodepletion could havggnificant consequences in
elderly patients with solid tumorshave drawn upon the thousands ofigts in the published literature that
form the foremost frontier of our current understanding of the processes in question.

The potential mechanism | shall outline focuses egells. | fully acknowledge the separate roll that each of the
cell types losin immunodepletion might play that could also provide plausible mechanisms, but since T cells
are arguably those that have received the most research attention and whose mechanisms in cancer surveill:
we understand the best, as well as those with-aefihed ageelated changes, | believe they are a justifiable
focus. | acknowledge that the immune system is highly complex and our understanding of it is very far from
complete. Thus, there are many other possible parallel or more important mechamgras ¢ell types which

could explain the link from lymphocyte depletion to impaired caspecific immunity.

With a plausible mechanism described, one can look to the many features of the trial degwahdther these
can be more plausibly explainbgt oneexplanation for the survival differenteanthe otherProvenge
efficacy or imbalanced cell depletion)

T Cell Populations and Homeostasis

1 Diversity is the Key to Immune System Streng@eneration and maintenanceaofmassively diverse
reperbire of T cell antigen receptoisessential for the immune systemi® able taespond to the universe
of potential antigens, yétte number of distinct T cell receptors (TCRs) expressed IBstimated 18-10"
T cells in the human body is not knowsising TCR gene amplification Arstila e€&#lave shown that the
naive cells are massively diverse, while the memory subset are orders of magnitude less so.

1 Activation by its corresponding antigen causes a T cell to proliferatel respond T cellsareadivated by
TCR recognition of a short linear peptide anchored within the pepiigng groove of a major
histocompatibility complex (MHC) molecule present at the surface ahtigenpresenting cellAPC). The
best known of these are dakitic cells (DO, although monocytes/macrophages, B cells, and neutrophils are
also able to present antigens. Upon activation, naive T cells prociZand other cytokines, and enter
differentiation pathways resulting in the developmentasfousT cell subsetsAn effective T cell response
requiressignificantproliferationof the activated cetb accomplish the clonal expansion critical for
combating the source of antigen.

1 After antigen is destroyed, a few T cells retained as memory T catlthe heighbf sucha response, the
antigenspecific T cells may account fa86% of the population in the spleen and even more Idcally
Although most have a lifspan of only a few days, a small pool will survagelonglived memory cells.

Thus controlled cell death (apaggis) restores the numerical balance in the immune system, but results in
small shift in theratio of naive to memory T cells since tieéention of memory T cellgllows a more

effective responst rechallenge by the same pathogen. Memory T cells gosiiferent stimulatory
requirements than naive T cells, but both naive and memory cells respond less effectively with age.

1 New naive T cells only made in the thymukghe generation of T cell receptor diversity depends entirely on
the production of new,aive T cells in the thymd8 Stem cells seeded into the thymus from the bone
marrowperform a random rearrangement of the ng@nes that determine the single specific TCR that that

8 Arstila et al. A direct estimate of the humirb Tell receptor diersity. Science1999

° Butz et al Massive Expansh of Antigen-specific CD8 t cells during an acute virus infectibnmunity (1998)
http://jco.ascopubs.org/cgi/content/full/18/23/3894

19 Nossal et al, Negative Selection of Lymphocyt&ell (1994)
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cell then expresseafter theacquisition of CD4 or CD8 molecules neededrecognition of MHC class 1
and 2 cell surface markers on APtisse cells are then released iptwl of circulating naive cell&rom
this pool,some cells are selected by antigen to proliferate.

1 Expansion of Naive cells in periphery increases to guensate for thymus decline with agafter its
central importance in establishment of a diverse T cell repertoire, the thymus has been demonstrated to
decline in function and output with agfter the ages of 40 to 50 years old, virtually the entieeT
supply is generated from clonal expansion of existing naive and memory T cells. The replicative stress
associated with repeated clonal expansion can result in shortened telomeres and cellular senescence anc
to phenotypic changes that decrease thetfanality of these important cells. Both mechanisms contribute
to failure of the elderly to respond to new antigenic challenges such as cancers, poor vaccine responses :
increased morbidity with newly arising infections, such as is seen with antgjeftior drift of the
influenza virus.

1 While absolute T cell numbers are kept constarmiative proportions ofsubsetshange:Homeostasis of
naive and memomyopulations is most probably regulated independ&rigoupled with preferred survival
of recant thymic emigrantS. By maintaining two pools of T cells with a vetifferent repertoire, the
immune system combines two conflictingeds: a recognition of a wide array of novel antigens and an
efficientand timely response to previousipcountered aigens.

1 Naive counts decline and memory counts increase with aggigenic challenge through life leads to the
progressive contraction of the pool of naive T cells. Consequently, the peripheral T cell repertoire of elder!
persons (aged 70) consists predlwantly of oligoclonal memory cells, and the overall T cell diversity is
signific;la}lrll;.sly reduced relative to that seen in younger people. Naive T cells havdife ludil6 to 12
month :

1 Gradual decline throughout life collapses suddenly around age786 Contraction of T cell receptor
diversity is not a linear process with age. A diverse naive CD4+ T cell compartment is maintained for
decades by slow naive cell replication, but this only padiypensates for declining thymic outfSuT his
period is bllowed by a dramatic and sudden collapse of diversity leading to a severely contracted repertoir
after the age of 70 yeafs

1 Most naive T cells will be found in the blood or lymph, not in tissues populated with memory t Taks:
extent to which naive Tells migrate through the tissues is quite limited (Mackay, 1991). Their preferred
migratory pathway is from the blood back to the lymphatic tissue, where the chance of a rare antigen
specific cell meeting its antigen is optimal. Most of the T cellsdbavander into the tissues are memory
cells. As their numbers have been considerably increased by prior antigenic activation and clonal expansi
they can afford to patrol the body widely to nip any reinfection in the bud.

" Tanchot et al, Differential Requirements for Survival and Proliferation of CD8 NaiMenory T Cells, Sciencél997)
2 Tanchot and Rocha, The organization of matucellpools Immunol. Todag1998)
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1692750/pdf/10390. pdf
13Berzins et alThe Role of the Thymus and Recent Thymic Migrants in the Maintenance of the Adult Peripheral Lymplooty
J. Exp. Med(1998)http://www.nch.nlm.nih.gov/pmc/articles/PMC2212318/pdff2072.pdf

Hellerstein, Measurement ofdell kinetics: recent methodologic advances, Immunol. Today 20 (1999%1438
15 Macallan et al, Rapid turnover of effectoremory CD4(+) T cells in healthy hans, JExp. Med. 200 (2004)
http://www.ncbi.nIm.nih.gov/pmc/articles/PMC2212011/pdf/20040341.pdf
% Wallace et al, Direct measurement of T cell subset kinitigvoin elderlymen and women] Immunol173(2004)
http://www.jimmunol.org/cgi/content/full/173/3/1787
" Naylor et a) The influence of age on T cell generation and T cell receptor diversityndrioi174 (2005)
http://www.jimmunol.org/cgi/content/full/174/11/7446
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T cell homeostasis and ad& The schematic diagram, based on published data, illustrates how
parameters of T cell homeostasis change with age. sj TRECs, as a marker of thymic output, show a log
linear decline with age. Peripheral turnover is high in the newborn, steady duringpadulind increases

late in life. TCRb chain diversity in the naive CD4+ compartment is maintained up to the age of 65 to 70

years, after which it collapses. The memory compartment has about tenfold less diversitybrchais
and alsacontracts at anlder age

1 There is much evidence that Imnmune aging is related to increased incidence of caAadirect effect of
immunosenescence on cancers can be easily conceptualized and many experimental data seem to suppc
this contention. In cases of failurediear tumors, it is hypothesized that one reason may be decreased
immunosurveillance. This idea is derived from the findings that tumor regression was observed in
immunocompetent hosts while cancer incidence increased in immunocompromised hosts.

1 T cells central to recognising and killing cancer celldt is now established that the immune system has
cells, particularly CD8cytotoxic T lymphocytesGTLs), that can recognize tumor antigens and Kill
tumors® 2°. Nevertheless, a major problem is that thesell§ aee either not induced or only weakly

8 Goronzy T Cell development and receptor diversity during ag®grrent Opinion in Immunology, 2005

19 Schreiber, H (199) in Fundamental Immunology, Tumor Immunology, ed W.E.Paul (LippiRaten Publishers, Philadelphia),
pp 12371270.



induced, i.e., the T cells are not evident in the systemic circulation. One possibility is that there is
inadequate tumor antigen presentation by dendritic cells for eliciting T cell imflurinother is that
tumor-reactive T cells are tolerized by the tunidrs.

1 Evidence that Cancer mutation allows it to escape T cells that have recognis€dricer cells are
genetically unstablelhis often leads to the selectiohtumor variants that can escape the destruction by
CTL. Thus, a large established tumor may contain cells with various genetic alteratimes CTL are
applied to tumorstumor variants that can not be recognized by CTL pvdlsper Anotherrelated
mecdanismby which the tumor can evade recognitietthe loss of the tumor antigen recognized by GTL
24 A third evasion mechanism has also been demonstrated.

Bai et al”® have seen evidence for this phenomenon in mice. They frequently observed recafrences

tumors in mice that had initially responded to therapy with high numbers of transgenic Tcells. Analysis of
the P1A antigen on the recurrent tumors revealed a variety of mutations in the P1A epitope. These mutati
abolished T cell recognition of themor cells, demonstrating antigenic drift of tumor antigens as a
mechanism for tumor evasion ofcElls in vivo.

1 New naive T cells required if tumdras evaded prior T cell responses:least in mice, T cellesponse to a
the firstantigenic epitopencounéredcan be rendered ineffective by selection of tumor antigenic variants
whichwould require activation of a new naive t cell to comballie iterative nature of this recognition and
evasion puts a singular emphasis on the naive T cell pool in moantieiiective cancer response

1 Hypothesis of T Cell destruction of cancer also central to proposed mechanism for Provgavgeal
novel strategies are being explored to induce tuspecific T cell immunityDC vaccination, as being
pursued by Dendreors bne of these. The results of many of these studies speak to the importance of T
cells, and in particular naive T cells, to mount an effective-BiEdiated tumor respondenmature DCs
capture antigens but lack full T dedtimulatory actiity®. In the pesence of appropriate stimuli, such as
inflammatory cytokines, the DCs mature. DCs upregulate T cell adhesion and costimulatory molecules as
well as select chemokine receptors that guide DC migration into lymphoid organs for priming of-antigen
specific T ells. The use of DCs as adjuvants is supported by many animal expesiwith primarily
mature DCS'. These studies have shown that the injection of tumor ait@gded DCs reliably induces
tumor-specific CTL responses, tumor resistance, and in sasescegression of metastasés

1 Experimental evidence for proposed mechanisgsinga defined DC vaccine combined with detailed
immunomonitoring Thurner et &F, providedproof that vaccination with mature DCspands tumor
specific T cells in advanced melanoma patients. In additi@y,found some evidence for the direct
interaction between CD&TLs and tumor cells as well as for escape of antigsative metastases.

20van den Eynde, B.J., (1997) T cell defined tumor antigéns.. Opin. Immunol. 9:68493, pmid:9368778

2L schuler, G., R.M.Steinman(@%) Dendritic cells as adjuvants for inmumediated resistance to tumors. J. Exp. Med
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2199101

2 pardoll Cancer vaccinedNat Med. 1998Vlay:4(5 Suppl):52531.

% Yee el atAdoptive T cell therapy using antigespecific CD8+ T cell clones for the treatment of patients with metastatic melanoma:
in vivo persistence, migration, and antitumor effectrafisferred T cellroc Natl Acad SdU S A. 002
http://www.pnas.org/content/99/25/16168.full

% Uyttenhove et alEscape of mouse mastocytoma P815 after nearly complete rejection is due telassiganiants rather than
immunosuppresen. J Ex Med. 198ttp://www.ncbi.nlm.nih.gov/pmc/articles/PMC2186952/pdf/je15731040.pdf
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% Banchereau, J., (1998) Dendritiells and the control of immunity. Nature. 393:22%2, pmid:9521319.
http://www.rockefeller.edu/labheads/steinman/pdfs/188&ire.pdf

%" Lotze, M.T., (1999) in Dendriti€ellsBiology and Clinical Applications, Dendritic cell therapy of cancer and HIV infection, eds
M.T.Lotze, A.Thomson (Academic Press, San Diego, CA), pji 48R
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2195739
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3. Provenge Trial data explained by Imnunodepletion

1. Exceptional Survival of all patients <65 is unprecedented

Table 10 Subgroup Analysis of Overall Survival by Age and Race

Sipuleucel-T Placebo Sipuleucel-T
Median Median vs. placebo

N Survival (95% CI)' | N Survival (95% CI)' | Hazard Ratio (95% CI)’

1°3.4, 32.5) 0.919 (0.618, 1.366)

17.3 (13.5, 21.4) 0.661 (0.538, 0.813)

Patients <65 in the pooled data had median survivals-@8928onths, compared to 23.4 and 17.3 months
for the Provenge and placebo groups in the >65 populdtior@ othermCRPC trial has age been shown to
be a prognostic factor, let alone one of the magnitude implied by these data.

In TAX327 (as shown in subset survival chantéullet #3 belowy, the 504 menaged6 8 had 17 . 6
median survival and the 502 menage6 9 had 18. 1 mo nYolnger agpeakarly did netu r v
confer a survival benefit to these patieislabiet alalso did not find age to be a prognostic factahgir
analysis oimany lage mCRPQrials.

Since we have no evidence of antmor effects of Provenge, these data could be looked at differently:

Removal of 54% of circulating | Removal of 67% of circulating
T cells x3 at 2 week intervals) | T cells x3 at 2 week intervals)

n Survival N Survival
<65 106 29.0 months 66 28.2 months
065|382 23.4 months 183 17.3 months

This inexplicably long survival ipatients younger than 65 in both armsveral months longer than the
survival of the Provenge arm, truly demands plausible mechanistic explanation. No such explanation can
given a&companied by the proposition that Provenge is efficac[@usas never been disclosed that the

<65s enrolled had better prognosis than the >65s, which wotldjbky improbable since these are 25% of
the patients enrollednd age is not correlated wiphognosié

This is exactly what would have been anticipated if the proposed mechanism for immunodepletion harm

patients over 65 was in effect during the trial:

1 The patientainder 65 whose immune systems could recover from immunodepletion (whettemger
# of cells lost by the placebo patients or the smaller number of cells lost by the Provenge patients)
without harm, livedbut therelatively long 2829 monthghatreflected the gootheir early,
asymptomatic baseline disead@racteristicPatients younger than 65 still could have enough diversity
in both tcell compartments, and sufficient residual ability to replace lost najelistthat they are able
to recover to a state of reasonable immune competence after their immunodepletion.

1 The paténts over 6%hat lost~54% of their circulatingrl cells in each of 3 Provenge interventions, lived
23.4 months.

1 The patients over 65 that lost ~67% of their circulatingels in each of 3 placebo interventions, lived
17.3 months.



In the older populatiothat have undergone the dramatic immune deterioration which occurs@ty@%ars of

age, it could be proposed that the loss of lymphocytes in the immunodepletion harmed their immune systems
a way from which they could not restore theaells anywheg close to where they would need to be to mount
any meaningful antiumor response.

More specifically, as proposed, the few nahgells remaining in the elderly appear to reside preferentially in

the circulation & lymph. With thymic output at its nadand clonal expansion of the few remaininaggtls both

slow and impaired, the greatest impact of the immunodepletion from which they cannot recover could well be
the particular loss of naive number and diversity. As described above, there are sevarahkobanisms of

tumor immune evasion that necessitate the recognition by repeated new naive T cells to mount an effective
response.

Since age is ngtrognostic forsurvivalin prostate cancein the absence of any other prognostic d
to explainwhy these younger patients had a bestevival', the simplestimplication of theselata
taken at face valueould bethatlymphocyte depletionshortened survivalin the placebo group
by ~11-12 months, andthe less dramatic, yet still significantymphocyte lossfrom the Provenge
group shortenedtheir survival by 5-6 months.

2. Provenge did not show benefit in patients younger than 65

Figure 3: Applicant’s Analyses of Subgroups Based on Baseline Covariates.
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FDA Revi ewer ®<$Stady D3802B, thers were a total of 126 subjects in the ITT population who
were <65 years of age; of these subjects, 77/341(23%) were in the sipuleaiceland 49/171 (29%) in



the placebo arm. In the subgroup of subjects who were less than 65 yeges thfeaobserved hazard ratio

of 1.411 (95% CI: 0.869, 2.290) suggests a trend in survival in favor of the control group, compared to the
sipuleucelT group. 0

The reviewer then proceedsan exploratory analysis of the pooled data from all 3 trials asrsbelow.

Table 13: FDA Statistical Reviewer’s Analysis of Survival in Subjects < 65 years old

Sipuleucel-T Control Hazard Ratio

Studies Median Median (Sipuleucel-T vs
N survivalin | N | survival in Placebo)
months months
TV 22 %) 034 32.5 ] 6)
D9002B (22.8, 34.2) (23.4,32.5) (0.618, 1.360)
35.2 28.2 0.445

Dol 13 (29.7,...) ! (23.9, 35.7) (0.148, 1.336)

The reviewer dr aheabove analgsesofdhe datadram ab threerstudies (D9901, D9902A,
and D9902B) support the hypothesis that the subgroup of subjects who were less than 65 years of age al
benefit from treatment with sifeucelT .. 0

The pooled analysis does nbbweversupport this assertion. 29 vs 28.2 months survival does not indicate
benefit.It is clearly anomalous that no surviMagnefit was seen in these patients, and cannot be explained
by any known mechanisms soci at ed with Provengeds proposed
aberration if this was the result of chance in these 172 patients (23% of all patients).

The potential mechanism by which the differential immunodepletion between treatmentvaght not
affect those patients under 65 is explained above.

3. Should patients have lived longer?

Direct comparison of all availabfgatient baseline prognostic factors ahelir associatedurvival tothese same
data fromother RPC trialsshould gve an indication as tavhether the placebo patients lived less long, or the
Provenge patients lived longer than would have been anticipetiesdwould speak directly to the relative
likelihood of each intervention as being more probably responsibledautivival difference.

Provenge study participants, defined as having 0
specifically recruited to represent a patient population prior to the point in progression at which chemotherapy
would generally bénitiated and has demonstrated survival benefit. The filist&ltrials in which this

comparison was madeere all testing chemotherapy regimens antblled CRPC patients with all levels of
symptoms Thus byintentenrolled a population with more adwad disease and worse prognosis than the
Provenge studies.

For each of the 4 trials | have provided all the data on known prognostic factors that were available for both
populations.



TAX327

The TAX 327 studycomparediocetaxel Q3w, docetaxel Q1w and m#atrone (all with prednison@) men
with metastatic RPC anddemonstrated a median surviwdll9.2 months fordocetaxef3wvs. 17.8 months
for docetaxel w vs16.3 monthdor mitoxantrone?

StudyenrolledMarch 2000 to June 2003and involved centeria 24 countriesIMPACT enrolled fromJuly
2003 October 2007. Stage migration would therefore favor IMPACT patient survival.

TAX327 IMPACT control arm
Taxotere Q3W Doc discretion/tax pred®
n=335 n=171
Enrollment Criteria
Pain all Absent or miimal pair’®
Opioids all No opioids allowed
Metastases Excl: brain mets Excl: lung, liver and kain mets
Life expectancy all At least 16 weeks
Baseline Characteristics
Age (median) yrs 68 70
Serum PSA (median) ng/n 114 42
Gl eason Scor 42% [57%)] 76%
8-10 31% [42%] 24%
n/a 26% -
6Substanti al 45% 0%
Bone mets 90% 91.8%
Lung/liver mets 22% 0%
Survival Results
Overall Survival | 19.2 months | 21.7 months
*Pain PPI Ocoz>r anal gesic s
It is clear from the enroll ment <cr it eprsyngptomaticd b as

patients with very little pain, no visceral mets and low serum PSAs represeteéssfadvancedopulation
than TAX327in which 45% of paénts had substantial pain at baseline, 22% of patients had visceral disease
and baseline serum PSA levels and Gleason Scores were also higher.

o Tannock et al: Docetaxel plus prednisone or mitoxantrone plus prednisone for advanced prostate cancer. N Engl J Med 351:1502-1512, 2004
%0 Clinical Review, Sipuleucel, Review Completion Date 04/28/201427:
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf
31 hitp://www.clinicaltrials.gov/ct2/show/NCT00065442?term=provenge&rank=1



http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf
http://www.clinicaltrials.gov/ct2/show/NCT00065442?term=provenge&rank=1
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This figure shows survival among various subgroups treated on the TAX 327 trial. At left are the sutbgfinedsn this exploratory
analysis the number of patients in each subgroup, and their median survival time in months, independent of treatntestaAt righ
Forrest plot showing the median hazard ratios and their 95% Cls for survival on the docataxadrapared with the mitoxantrone
arm.

Across treatment groups:
1 Patients with pain diedn averagg months earlier than those witho(#5% vs 0%)
1 Patierts with visceral disease died on avergeonths earlier than those witho(#2% vs 0%)
 Patientsvi t h PSA O 115 d ithandhose with PSAcbeldwihat lee€hl4 \s 423 r

Taken together with thgatient baseline characterist{@X327 vs IMPACT) repeated above in parentheses
and potentially favorable stage migratiomme could find itsurprisingthat IMPACT placebo patients lidea
mere2.5 months longer than their far sicker counterparts in TAX327.
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Fig 1. Overall survival data from March 2007, with 867 deaths among 1,006
randomnly assigned patients.

Above are the survival curves from the two trials (IMPACT on léffis alsounexpectedgiven theirexplicitly

earlier sage in disease progression dadbetterbaseline prognostic factoithat as many patients (28%) had

died at one year in the IMPACT placebo group as had amongst the taxq3w patients (27%). Could this sugge:
that there is an unusual early death ratihenlMPACT placebarm?

Survival (Months)



CALGB 90401
The CALGB90401 study comparindocetaxel + Avastin to docetaxabne presented results at AS@QJune
andshowed22.6 and 21.5 months survivalthe two armsrespectively(not significant)

CALGB90401 control arm IMPACT control arm
Docetaxel + prednisore Doc discretion Docetaxel + prett
n=525 n=171
Enrollment Criteria
Progressin since last intervention | Progression after hormonal therap
Pain all Absent or minimal paiff
Opioids all No opioids alleved
Metastases No known brain mets Lung, liver andorain mets excluded
Cytologically-positive effusions al Pleural effusions or ascites excludg
Life expectancy all At least 16 weeks
Baseline Characteristics
ECOG status 0 55 96° 813 %
ECOG status 1 41 % 18.7 %
ECOG status 2 5% 0%
PSA (ng/dl) 85 42
Percent on opioid pain medicatiof 35% 0%
No pain at baseline Data not public 52.6%
Lung/liver mets (~196°) 0%
Survival Results
Overall Survial 21.5 months 21.7 months
PS 0 median survival 23.8
PS 1 median survival 17.2
PS 2 median survival <17.2
PSA O 85 24.5
PSA > 85 18.4

% In similar populations iTAX327, MSKCCand SWOG9916, 22946%and 19% of patientsespectively, had lung and liver
mets at baselineso these likely indicate an approximate representation in the CALGB population.

CALGB 90401 enrolled from April 2005 to Dec 2007. IMPACT enrolled over a similar timeframe from July
2003 to Oct 2007 (60%f patients enrolled after Nov 2005), so stage migration is not a confounder in this
comparison.

Investigators notdthat OS withdocetaxel/prednisone in this trial wasger than previously reported (21.5m
vs 19.2m in TAX327) and propodé@ may be dudo fistage migration or a good risk population (47% of
patients had 2#&onthpredicted survival of >30%)*.

As healthy as these patients may have appeared to the investigatmrgparisorto the TAX327 patiets, the
| MPACT fdplaceboo patients had undeniably better
1 ECOG 0in 81% vs 55%. dmongst th&€ ALGB patientspatients with ECOG 0 lived 6.6 months longer
than those with ECOG 1]

#2ASCO slides obt ai ne CALGB a9401: R medbnezed3leublind placebh cortrolled phase Il trial
comparing docetaxel, prednisone and pghaceith docetaxel, prednisone and bevacizumab in men with metastatic caststdmte
prostate cancer (mCRPC) OO

# Clinical Review, Sipuleucel, Review Completion Date 04/28/201427:
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540. pdf
3 hitp://www.clinicaltrials.gov/ct2/show/NCT00065442?term=provenge&rank=1

% Breakdown of ECOG 0,1 group as communicated at ASCO oral presentation



http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf
http://www.clinicaltrials.gov/ct2/show/NCT00065442?term=provenge&rank=1

1 PSA 42 vs 85 [CALGB patients below this median lived 6.htin® longer than those above it]

1 Zero vs 35% of patientst baselin@n opioid pain medication$ cancerrelated pain is considered a
powerful prognostic factor in metastatic prostate cartdalabi et al showed in a multivariable analysis
that pain intedrence predicted OS. In their study population, compared with men with lower pain
interference scores, the adjusted hazard ratio (HR) for death of men with high pain scores was 1.43
(95% ClI, 1.17 to 1.74? .001i a 7.4month median OS differenc®)

1 AndIMPACT hadno patients with visceral metastases, versus an estimated 19% for the CALGB
population, a prognostic factor whitad toa 6 month survival disadvantafps patients with
liver/lung metastases in TAX327.

Given theearlier disease stage afad beter prognosis for IMPACT patients, why did they only live the same
length of time (21.7 vs 21.5 months) as mhere advanced argicker CALGB taxonly arm?

SWOG 9916

The SWOG 9916 study randomized 770 patients with progressive mCRPC in the Unitedo®aateeret
estramustine or mitoxantroreprednisone dailyTaxotere demonstrated a 1.9 month survival benefit over
mitoxantrone (Z.5 months vs. 15.6 months, P=0.02

SWOG9916 enrolled patients from Oct 1999 to Jan 2003, while IMP&@adlled from Jly 2003 to Oct 2007
(60% of patients enrolled after Nov 2005). Stage migration would favor IMPACT survival.

SWOG 9916control arm IMPACT control arm
Docetaxel +estramustin® Doc discretion Docetaxel + pretf
n=338 n=171
Enrollment Criteria
Pain all Absent or minimal paitf
Opioids all No opioids allowed
Metastases Excl brain mets Lung, liver andbrain mets excluded
Life expectancy all At least 16 weeks
Baseline Characteristics
Age (yrs) 70 70
PSA (ng/dl) 84 42
Bone pain > grade 2 36% 0%
Bone mets 84% 91.8%
Lung/liver mets 18% 0%
Survival Results
Overall Survival | 17.5months | 21.7 months

The prognostic factors of pain, PSA and visceral metastases again favor IMPACT patient progntssjsand
borne outin their longer OS (a little spurious ttaim with any convictiorthis should be even longer).

3% Halabi et al, Pain Predicts Overall Survival in Men With Metastatic CastrRidractory Prostate Carrgd Clin Ong 2008
http://jco.ascopubs.org/cgi/content/full/26/15/2544

ASCO slides obtai ne CALGB a9401: R maedbnezedGleublsind placebh cortrolled phase lllat
comparing docetaxel, prednisone and placebo with docetaxel, prednisone and bevacizumab in men with metastatgistastrate re
prostate cancer (mCRPC) OO

8 Clinical Review, Sipuleucel, Review Completion Date 04/28/201427:
http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf

%9 http://www.clinicaltrials.gov/ct2/show/NCT00065442?term=provenge&rank=1
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Yet gven their vastly better survival prospects, along with thieitad of stage migration, why have almost the
same proportion of paties (28%) died within one year as in the SWOG 9916 cohort (27%)? Asymptomatic
patients oaght, intuitively, to outlive symptomatic patients quite decisively in the fik2 Ghonths as they must

spend some months progressing to the stage at which sympui@aidents enrolled.

Berry et al i Mitoxantrone in asymptomatic CRPC

Wantingto haveat leasioneothertrial in asymptomatic CRPC for compariste)ow are the datiiom aPhase

1 study of mitoxantrone+ low dose prednisones low dose prednisoneaie’. This study recruited from

March 1997 to Jan 1999, which makes D9901 (recruited Jan 2000 to Oct 2001) the most appropriate of the
Provenge Phlll trials to compare it fBhough numbers are small, in the absence of any better asymptomatic

data, they a noteworthy.

Mitoxantrone + D9901 Control Arm IMPACT control arm
prednisone Doc discretion (50% | Doc discretion Docetaxel
n=56 Docetaxel) + prednison&
n=45 n=171
Enrollment Criteria Asymptomatic HRPC Asymptomatic HRPC minimally or
asymptomatitHRPC
Baseline Characteristics
Median Age 70 71 70
PSA(ng/dl) 56 47.9 42
ECOG status 0 75% 82% 81.3%
ECOG status 1 23% 18% 18.7 %
ECOG status 2 2% - 0%
Bone mets 86% 91% 91.8%
Soft tissue mets 18% (lymph nodes on)y 73% 49%
Lung/liver mets 6% 0% 0%
Survival Results
Overall Survival 23 months 21.4months 21.7 months
12-month survival 82% 67% 2%

“0Berry et al. Phase IIl study of mitoxantrone plus low dose prednisone versus low dose prednisongatiemgsinith
asymptomatic hormone refractory prostate cancer. J Urol 2002;16843439
“L Clinical Review, Sipuleucel, Review Completion Date 04/28/201427:

http://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProducts/ApprovedProducts/UCM214540.pdf
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I n the D9901 o6placebod6 arm 50% of patients recei
chamotherapyD9901 patients had flight edgeover the mitoxantrone arm froall prognostic factors: lower

PSA, lower ECOG scoseabsence of visceral mets, and a 3 year stage migration advantage. Combining this
prognosis with the fact that 50% of these gati$ received the only chemotherapy known to confer a survival
benefit,whilst none of the mitoxantrone patients didsquteu nexpect ed to find that
patents had a worse survival: 21.4 vs 23 months.

Given the abovehe <12-month suvival of 18% in these asymptomatic patients on mitoxantr@mel the
slower decline of their survival curves), makes
harboring some exceptionaliiealth that cannot be seen in their baselineadhearistics, which would lead to
the demise of 33% within one year.

If those mitoxantrone patients in the 90s had the 2.9 month survival benefit of Docetaxel, might they have live
at least to 25.9 months, and hint at tmeimal level of survival we oudito beexpecting from theinusually
healthy asymptomatic patiertsour placebo arf

1.0

Figure 3 Overall Survival (Kaplan-Meier Method), ITT
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Halabi Predicted Survival

Dendreon has presented the IMPACT survival data at ASCEDAQ to investorsand elsewherdirectly
accompanied by the Halabi pretid survival for the two arms.

Survival Halabi Actual
(months) Predicted

Provenge 21.2 25.8
(n=341)

Placebo 20.3 21.7
(n=171)

These data have been used to illustrate the fact that Provenge patients lived longer than their predicted survi
whereaglacebo patients did not.



However,it has been shown in the original Halabi pafféhat when testing the model in a validation
population, gredictedsurvival of 22.8 months corresponded withaatual survival of 27.2 monthsChe

model is admitted andemonstrated to increasingly underestimate survival of patients as they live beyond 14
15 months.

One could extrapolate from this, therefore, that the observed 25.8 month survival in the Provenge group vs 2
month predicted survivalannot be citeth support of the notion that Provenge extended life.

Furthermore, the Halabi model was developed to predict survival in a mixed group of CRPC patients, and
cannot therefore be validly applied to an exclusively asymptomatic and minimally symptomatatipopul

Given that the Halabi model uses neither pain, nor location of metastases as predictive factors, yet both are
known as highly correlated with survival, and the IMPACT population exclbd#dof these patient groups,

is furthermore likelythe Halbi model would systematically underestimate the survival of an asymptomatic
population excluding these negative prognostic factors.

4. Thed4mont h apparent fAsurvival benefito in PhIIlI
Provenge has neveln®wvn antitumour effects either in vivo or in viti@ee excerpts from FDA review belaw)
Provenge has shown no efficacy in animal models.oFie piece of evidence that Provenge prolongs survival

i's the 4. 2 mo n wsithe mereliimmunodegiedarim @ itsePhlli ttiads.

Thus, invalidating the PhlIlI Asurvival b e ramdfisi t 0
currently being used

“2Halabi S, et al. Prognostic Model for Predicting Survival in Men With HorrRefeactory Metastatic Prosta®ancer. J Clin
Oncol. 2003 Apr 1;21(7):12372. http://jco.ascopubs.org/cgi/content/full/21/7/1232




