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Lilly Interpretation to FDA
(Exs. 2103, 2107)

Lilly Interpretation to The Oncologist
(Ex. 1047)

Ex 2107:

“Worzalla and coworkers have
studied the effects of folic acid on the
toxicity and antitumor activity of
L¥231514 in the in vitro and in vivo
settings. [n a number of

human tumor cell lines, folic acid
protected cells from cytotoxicity at
concentrations 100-

to 1000-fold higher than those required
for folinic acid protection, indicating
that the action of LY231514 s less
sensitive in vitro to folic acid than 1t is
to folinic acid. They also found that in
mice fed a low folate diet (LFDY), tumor
growth inhibition was complete at
LY231514 doses of 0.9 to 3.0 mg/m2
with 100%3 lethality occurring at
L¥231514 doses of 9.0 mg/m?2 or
higher. Mice receiving the same 121)
who were supplemented with high
doses of folic acid at 15 mg'kg/day (a
dose approximately 10-fold greater
than that in the normal diet)
experienced complete tumor growth
inhibition at LY231514 doses of 90 to
3000 mg/m?2 without any lethality.
Mice on the standard diet
(approximately one tenth of the folic
acid given to the supplemented mice)
saw a virtually identical dose response,
but greater lethality, with 100%
lethality occurring at 2400 mg/m2
(Worzalla et al. 1998). These data
show that antitumor activity is virtually
identical in mice receiving a standard
diet to that in mice receiving a 10-fold
increase in daily folk acid. Mice
receiving the extra folic acid also
showed a decreased lethality at higher
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71. Opimons concerning Morgan:

Lilly Interpretation to FDA Lilly Interpretation to The Oncologist
(Exs. 2103, 2107) (Ex. 1047)
Ex 2107: Ex 1047
“In addition, it has been clinically “Studies with other antifolates inhibiting
observed that the efficacy of low DHFR and TS have suggested that poor

dose methotrexate used in the treatment | nutritional status contributes to the

of rheumatoid arthritis is not negatively | likelthood that a patient will experience
affected by folio acid supplementation, | severe toxicity when exposed to these drugs
while an improvement in toxicity is [41-44]. More specifically, these studies

seen (Morgan et al. 1098 have investigated the relationship between
folic acid and the toxicity of these agents
Ex 2107: and have concluded that the addition of

folic acid significantly reduced toxicity
“Thirty-two patients with theumatoid | while preserving the antiumor activity of
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16.  As Dr. Chabner admits, “as of June 1999_ the POSA would

understand that pemetrexed was the most promising antifolate to be developed
since the introduction of methotrexate ™ (Ex. 2120 ¥4 31.) For this reason, a POSA
would have focused on controlling the drug’s known toxicities so more patients

could tolerate this treatment.

Source: Ex. 1077 at 116; Paper 48 at 8-9. NEPTUNE DX - 229
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d.  Insummary, leucovorin’s mechanism of action is very different from
that of folic acid. For example, folic acid requires DHFE. to be reduced to
dihydrofolate and tetrahvdrofolate in order to be in a form usable by the
body, whereas leucovorin (5-formyltetrahydrofolate) 1s already reduced, and
its conversions to 5, 10-methenyitetrahyvdrofolate, S-methvltetrahvdrofolate,
and tetrahyvdrofolate do not require DHFR (Fig. B). (Ses Ex. 1014 at 3, 5)
Additionallv, because pemetrexed does not inhibit the conversion of folic
acid to dihydrofolate and tetrahydrofolate, but do not inhibit the conversion
of folinic acid to its active, reduced folate that takes place downstream of

DHFE.
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e. Specifically, a POSA in 1999 would have understood that the overall
therapeutic index of a cancer chemotherapy agent depends on the extent to
which the planned courze of treatment can be completed, and not just the
initial dose(s). Since a POSA would have known that 10 of 33 patients in the
Rusthoven trial had to discontinue pemetrexed therapy prematurely due to
toxicity (Ex. 1011 at 1194), the implication was clear that folic acid
intervention could have enabled continuation of therapy. This was indicated
by a report published the previous year that minimally- and heavily-
pretreated patients tolerated both dose escalation and continuation with
pre/post folic acid treatment. (Ex. 2035 at 225a (“Thus far, 21 patients with
solid cancers have received 55 courses at the following dose levels: 600,
700, and 800 mg/m* 7)) Dr. Chabner does not mention the ability to
continue prescribed therapy with folic-acid-supplemented pemetrexed

therapy.

f A POSA in 1999 would have understood that decreasing a dmg’s toxicity

can allow a patient to receive higher/'more doses of the drug, which can
improve the drug’s overall response, even if the toxicity reduction results in
a lower efficacy per mg of drug administered.

. The following graphic demonstration, which a POSA in 1999 would have
understood, further explains a greater cancer cell kill by an antifolate ora

chemotherapy drug when the reduction in efficacy is less than the reduction
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1. Specifically, every effective antitumor agent has toxic effects in addition to
its efficacy in killing cancer cells more selectively than normal (host) cells.
If the agent 1s too toxic by itself, and an intervention 1s needed to reduce the
toxicity, the efficacy in cancer cell kill 15 compromised to the extent that
efficacy is also reduced by the intervention. However, if toxicity is reduced
more than efficacy, clinical benefit can be preserved, albeit not to the same
extent that the agent mav have been able to achieve by itself if 1t could be
tolerated. In the graphic example above, reducing the toxicity by 50% allows
an antitumor agent that otherwise cannot be tolerated (red items) to be
tolerated and repeated (gray and black items). If the efficacy is also reduced
by same degree as the reduction in toxicity, clinical benefit 15 not achieved
{black rtems) or 1s limited (e.g. partial or minor response) (grav items).
However, if efficacy 1s reduced less than is toxicity, a complete response

(and the ability to continue dosing until cure) may be achieved (green items).

Source: Ex. 1077 at 1124(i); Paper 48 at 8-9. NEPTUNE DX - 237
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d. However, from the Hammond IT investigators™ conclusion that “folic acid

supplementation appears to permit MTA dose escalation,” a POSA in 1999
would have understood this conclusion to have been consistent with an

improvement in the therapeutic index with folic acid supplementation. (Ex.

2035 at 225a.) That is, the ability to continue taking the drug (when 30% of f A POSA additionally would not know the dose or schedule of MTA given to

patients in a trial had to discontinue it due to unaceeptable toxicity) and/or

each of the patients in Hammond IT versus Rinaldi I, and so would not

take the drug at a higher dose. with folic acid supplementation, 1s consistent ] ] )
compare them for that reason. (Jd ) Rinaldi I states that escalating doses
with an improvement in therapeutic index. (See, e.g., Ex. 1022 at 129 Ex.

1011-1195) were administered every 21 days, with dose escalation based on the

e. Second, while a POSA would not compare the efficacy of the Hammond and modified continual reassessment method, whereas Hammond 1T is silent on
Rinaldi studies b they hase [ studies, a POSA would furth . - . . .
e e T e o treatment schedule or how dose escalation proceeded. Weither Rinaldi I nor

decline to compare the studies, not only because the abstracts contain
Hammond II discloses the dose and schedule received by any individual

insufficient information to compare the treatment regimens, but because

what mformation 15 present would suggest to a POSA that their treatment patient, let alone all patients, so a POSA would be unable to determine

regimens are different. For example, although Hammond II and Rinaldi [ whether there was a treatment difference associated with responders versus

both speak to treating patients with solid tumors, Rinaldi I discloses that
non-responders.

patients with advanced, refractory, solid fumors were treated with MTA,

whereas Hammond II discloses that minimally pretreated patients were
included in the patient population. So, it would appear to a POSA that there

were differences in the patient population between Hammond IT and Rinaldi

I (Compare Ex 2022 at 489 with Ex_ 2035 at 225a)

Source: Ex. 1077 at 1128(d-f); Paper 48 at 8-9. NEPTUNE DX - 240
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g. Third, although a POSA would not compare efficacy between Hammond [T
and Rinaldi I for the above-stated reasons, a POSA would understand
nonetheless that the putative response rates were neither clinically nor
statistically different. For example, Rinaldi I reported 4 objective responses®
(all partial responses) out of 37 patients: in 2 patients with pancreatic cancer
and in 2 patients with advanced colorectal cancer; Hammond II reported 1

objective response out of 21 patients.* (Ex. 2022 at 489; Ex. 2035 at 225a)

3 A POSA in 1999 would understand that investigators frequently onty report
objective responses, which consist of partial or total responses, since less-than -
objective responses are uncertain, unclear, or subjective. The definttion of
objective response was established many vears before 1999 to be defined in
quantitative, measurable terms, such as a 230% decrease in the sum of the longest
diameters of target lesions, taking as reference the baseline sum longest diameter,
without progression in any other tumors. Minor responses are not considered
abjective responses. For this reason, a POSA reading a report of responses would
not assume that there were no minor responses, just because none were listed.

* Bix of the ten responses in the Rinaldi report were minor responses, but a POSA
1n 1999 would understand that miner responses may not have been reported 1n

Hammoeond sinee they are not considered objective (only partial and complete

A POSA in 1999 would understand that the difference in the number of
objective responses, 1 in 21 reported in Hammond II and 4 1 37 1n Rinaldi,
1z not statistically significant (Chi-Square p-value = 0.43; 1.e, nearly 50-30
probability). In other words, the “4 of 437 rate in Rinaldi could have had 1 or
2 more responses purely by chance, especially given that it had twice as
many patients than Hammeond. Reciprocally, Hammond could have had, by
chance 1 less response. Either way, the rates would then have been entirely
comparable. The p-value suggests that there was an equal chance that it
could have gone either way. And, both studies lacked the controls necessary

for comparisons and showing statistical sisnificance.

responses are considered objective) and so minor responses are not typically

accepted by a POSA when reading a report. (See Ex. 2035 at 225a)

Source: Ex. 1077 at 128(g); Paper 48 at 8-9. NEPTUNE DX - 241
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30,  Dr. Chabner also states, “Even if the POSA considered using folic
acid and vitamin B12 in a cancer patient receiving pemetrexed in order to address
toxicity or lower homocysteine levels, the POSA would still not take the risk of
pre-treating a cancer patient with vitamin B12 and folic acid before administering
pemetrexed. At most, the POSA would employ leucovorin rescue, an approach that
the POSA would understand could be used to lower homocysteine levels
(including with methotrexate in cancer patients), but which would avoid the risk of
the vitamin therapy undermining the efficacy of the chemotherapy before the
chemotherapy was even administered to the cancer patient. And even if the POSA
was further interested in also treating with vitamin B12, for the same reasons, at
maost the POSA would administer it after chemotherapy was completed.” (Ex. 2120
9 33e) As I discuss above, Dr. Chabner assumes that folic acid and vitamin B12
can inhibit pemetrexed. Once again as a potent inhibitor of the enzymes that
activate folic acid and allow vitamin B12 to facilitate methionine synthesis,
pemetrexed could have been expected to be effective in patients treated with either

vitamin before or after pemetrexed treatment.

Source: Ex. 1077 at 150; Paper 48 at 8-9. NEPTUNE DX - 242
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45,  And, as I noted earlier, Rusthoven specifically discusses that dietary
supplementation with folic acid may improve the therapeutic index of pemetrexed

by reducing toxicity. (Id.)

Source: Ex. 1077 at 145; Paper 48 at 8-9. NEPTUNE DX - 243
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20 Dr. Chabner states that “the POSA would recognize that there was a
significant risk that pre-treatment with folic acid would cause the tumor to
progress.” (Ex. 2120 % 33b.) For this proposition, Dr. Chabner relies on early
observations by Dr. Farber circa 1948 (and an out of context citation to another
study citing Dr. Farber) that when he gave folic acid to children with leukemia, the
leukemia appeared to accelerate (Ex. 2120 9 66-67.) A POSA would understand,

well before 1999 that the 1948 experience was by then no longer relevant:

Source: Ex. 1077 at 129; Paper 48 at 17. NEPTUNE DX - 245



Dr. Bleyer

Dr. Bleyer’'s Testimony




Dr. Bleyer

Dr. Bleyer’'s Testimony




Dr. Bleyer

Dr. Bleyer’'s Testimony

30. Inote that Dr. Chabner quotes the Lachaviny article out of context,
stating: “As one publication (Lachaviniy) regarding pre-treatment with folic acid
prior to administration of lometrexol to phase [ patients with a variety of solid
tumors observed. ‘One cause for concern is that the administration of folic acid
prior to lometrexol and dunng treatment could potentially supplement the folate
requirements of the tumour, and thereby circumvent the activity of lometrexol or,
worse still, aid tumour progression.” Laohaviny at 333 (citing Farber).” (Ex. 2120

167.)

Source: Ex. 1077 at 130; Paper 48 at 18. NEPTUNE DX - 248
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31.  Infact, despite being aware of the Farber studies, the express purpose

of the Lachavinij investigators was a study of folic acid combined with an
antifolate: “The objective of the present clinical study was to identify a safe dose
of lometrexol when given with folate supplementation so as to allow Phase IT
trials, in an attempt to reproduce the efficacy of lometrexol seen in folate-deficient
mice receiving folate supplementation.™ (Ex. 2031 at 330.) Further, after
undertaking their study, the Lachavinij investigators did not warn against tumeor
proliferation when combining folic acid with an antifolate, but instead stated that
“[tThe work described in this report has demonstrated that lometrexol toxicity can
be modulated by folic acid supplementation in patients,” and encouraged others to
use “the information obtained from this study [to] facilitate the future development
and evaluation of this class of compounds [antifolates] in the treatment of human
cancer.” (Ex_ 2031 at 330-31.) By 1994, Lachavinij et al recommended folic acid
pretreatment with lometrexol. Thus, like the Lachavinij investigators, not onlv was
2 PO5SA in 1999 undeterred by the 1947 Farber study from using folic acid to
mediate the toxicity of antifolates, but actively considering it as a promising

method for managing toxicity.

Source: Ex. 1077 at §31; Paper 48 at 18. NEPTUNE DX - 249
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d. Ex.1014 at 7-9: “The clinical toxicity of many antifolates is, not
surprisingly, affected by the pretreatment folate status of the patient. In the
case of the GARFT inhibitors, the effect of the folate status is particularly
marked, with the maximum tolerated dose being at least 10-fold higher in
patients who have received folate supplementation compared with those who

have not. ... Although the effect of folic acid supplementation on reducing

the toxicity of antifolate drugs (particularly the GARFT inhibitors) is clear,
it always has been difficult to correlate antifolate induced toxicity with homecysteine . FIE8). e measement of peefreatrient plasia
pretreatment folate levels. One possible explanation for this is that the folate homeocysteine has proved to be a sensitive way of predicting the toxicity of
levels do not adequately reflect the functioming of folic acid within MTA ™

proliferating cells at the time of measurement. In addition to the pathways
e. Ex. 1015 at 104: "Work by Zervos et al supports the position that toxicity

discussed so far, folic acid 1s also involved in cellular methylation reactions

by virtue of its role in methionine synthesis. CH2FHs can be reduced to 5- may be increased in patients with poor nutritional status.”

methyltetrahydrofolate (Fig 1). This is a substrate for the enzyme methionine
synthase, which uses the methy] group to convert homocysteine to
methionine. Methionine in turn takes part in cellular methylation reactions
regenerating homocysteine. Methionine synthase is Biz-dependent but also
uses 3-methyltetrahvdrofolate as the co-substrate. Thus, any functional
deficiency either in Bz or folate will result in reduction in the flux through

methionine synthase and a consequent increase in the plasma level of

Source: Ex. 1077 at 1147(d-€); Paper 48 at 20. NEPTUNE DX - 254
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f Ex 1016 at 225a: “Studies in amimal models and humans have revealed that
folate nutritional status may be correlated with toxicity and antitumor
activity of antifolates. Supplemental folic acid may play a role in protecting
against the toxicities associated with antifolate drugs. LTY231514 is a multi-
targeted antifolate that inhibits Thymidylate synthase, Dihydrofolate
reductase and Glycinamide ribonucleotide formyltransferase. Functional
folate status, based on serum concentrations of homocysteine (HCYS),
cystathione (CYSTAT); and methylmalonic acid (MDMA), was assessed in
116 patients participating in Phase 2 studies of LY231514. This drug was
administered as a 10-minute infusion once every 21 days. Samples were
taken prior to initiation of therapy and prior to the start of each cycle. CTC
toxicity scores (hematologic and non-hematologic) were assigned at the end
of each cycle of therapy. Eight pts were found to be folate deficient
(elevated HCYS and CYSTAT and normal MMA). All experienced CTC
grade 3 or 4 toxicity which was primarily hematologic. From this data, we
would conclude that functional folate status appears to be a reliable
prognostic indicator of hematologic toxicity that may be experienced from
treatment with LY231514. Further investigation is warranted to support this

conclusion.™

Source: Ex. 1077 at 1947(f-g); Paper 48 at 20.

g. Ex 2015 at 338a: “Because earlier studies with other antifolates had

suggested that nutritional status may play a role in the likelihood that a
patient will experience severe toxicity, levels of the vitamin metabolites
homocysteine, cystathionine and methylmalonic acid were measured at
baseline and once each cycle thereafter. A multivariate statistical analysis of
the data was conducted. ... There was a strong correlation between baseline
homocysteine levels and the development of the following toxicities at any
time during the study: CTC Grade 4 neutropenia (57 pts, p < 0.0001), Grade
4 thromobcytopenia (13 pts, p = 0.0001), Grade 3 or 4 mucositis (8 pts, p <
0.0003), and Grade 3 or 4 diarthea (8 pts, p < 0.004). ... No correlation
between toxicity (CTC Grades as defined above) and the remaining pre-
specified predictors were seen. Toxicity was seen in all patients with
homocysteine levels above a threshold concentration of 10 phM. A
correlation over time between homocysteine levels and CTC Grade 4
neutropenia and thrombocytopenia and CTC Grade 3 or 4 mucositis was also
observed but only in the first two cycles of treatment. Maximum
homocysteine levels did not appear to change from baseline during treatment

with MTA”

NEPTUNE DX - 255
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h. Ex 2033 at 2800: “Folate deficiency, etther by diet or drug, increases
plasma homocysteine (Hey). Hey damages cerebrovascular endothelium,
and hyperhomocysteinemia is a risk factor for stroke. Hey is metabolized to
excitatory amino acid (EAA) neurotransmitters, such as homocysteic acid
(HCA) and cysteine sulfinic acid (CSA), which may cause seizures and
excitotoxic neuronal death. We postulated that excess Hey and FAA
neurotransmitters mayv partly mediate methotrexate (MTX)-associated
neurotoxicity. ... The [methotrexate] treatment group had a significantly
(P=.0255) greater concentration of Hey in cerebrospinal fluid (CSF)

(0.81 uM +0.215 [mean +SEM], n=23) than the control group (0.210 uMl
+0.028, n=34). HCA and C5A were not detected in CSF from control

patients (n=29); however, MTX caused marked accumulation of CS5F HCA

(119.1 uM £32.0, n=16) and C5A (28.4 ubM +£7.7, n=16) in the treatment

group. Pts with neurologic toxicity... had manv of the highest concentrations

of Hey, HCA and CSA. ... These data support our hypothesis that MT-

associated neurotoxicity may be mediated by Hey and excitotoxic

neurotransmitters.” (emphasis added)

Source: Ex. 1077 at 47(h); Paper 48 at 20. NEPTUNE DX - 256
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533,  Additionally, contrary to Dr. Chabner’s view, a POSA in 1999 would
know that approximately 5-10% of B12 deficient patients cannot be detected via
MMA testing because they will have high homocysteine levels but normal MMA
levels. (Ex 1017 at 97; Ex 1075 at 324:21-25; Ex 1076 at 95:11-12) A POSA
would have also understood that elevated homocysteine due to a B12 deficiency
(or even low normal) would not be expected to respond to folic acid alone. (Ex.
1063 at 12775 (because patients “with moderate homocystememia (>16.3umolT)
in most cases had suboptimal plasma vitamin B-12 (<200 pmol1) and folate (<3
nmol/l) concentrations ... Most but not all responded to folic acid, with the mean
homocysteine concentration decreased from 28 8 to 16.8 umol/l (-42%), a
posttreatment value, however, still above normal ... whereas cyanocobalamin [Bia]
decreased plasma homocysteine by a mean of 15%. In contrast, all responded to

the combination by a mean homocystemne reduction of 30% ....7").)

Source: Ex. 1077 at 153; Paper 48 at 21. NEPTUNE DX - 261
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52.  Although Dr. Chabner states that “the POSA would understand that
methylmalonic acid—not homocysteine—was the unigue marker for a vitamin B12
deficiency, but Nivikiza II taught that no correlation was identified between
methylmalonic acid levels and toxicity,” Patent Owner’s nuiritionist expert, Dr.
Zeisel, disagrees. (Ex. 21209 33d.) Specifically, Dr. Zeisel maintains that Niyikiza
merely teaches that vou cannot tell one way or another whether B12 deficiencies
were involved in the Niyikiza elevated homocysteine. (Ex. 1076 at 116:12-20.)
Moreover, Dr. Chabner’s position that a POSA viewing Nivikiza would not believe
E12 deficiencies were mmvolved in the observed elevated homocysteine 13
inconsistent with his concern that pemetrexed patients should not recerve B12
supplements due to a methyl trap concern—since a methyl trap will only occur in

the case of a B12 deficiency. (Ex. 21207 123; Ex. 1076 at 105:7-108:4.)

Source: Ex. 1077 at 152; Paper 48 at 23. NEPTUNE DX - 264
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65. Finally, in 1999 a POSA would have addressed chemotherapy
toxicities using all available tools at their disposal. A POSA administering a
chemotherapeutic agent would have been focused on managing dose-limiting
toxicities and keeping the patient on the dose and schedule as planned. For these
reasons, a POSA would rather prevent a dose-limiting toxicity from happening in
the first place, than deal with one after it had happened. And either, as mentioned
above, delay or reduce subsequent doses or more detrimentally have to stop
pemetrexed therapy altogether, as occurred in 30% of the patients on the trial
reported by Rusthoven. (Ex 1011 at 1198.) There is no reason why a POSA would
choose to ignore a tool at their disposal—such as folic acid and 512
supplementation—particularly when there was evidence that it worked for

pemetrexed.

Source: Ex. 1077 at 165; Paper 48 at 25. NEPTUNE DX - 266
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67.  Dr. Chabner states that “even if, contrary to my opinions, the POSA
(1) wanted to lower the homocysteine levels of a cancer patient who was to receive
pemetrexed (whether to reduce toxicity or to avoid cardiovascular problems); (2)

wanted to 2void masking a vitamin B12 deficiency that could be caused by

administering folic acid alone; and (3) thought to add vitamin B12 to the regimen
in the Hammond abstracts in order to lower homocysteine levels or to reduce
toxicity, the POSA would still not pre-treat with folic acid or vitamin B12. Rather,
the POSA would, at most, employ leucoverin rescue.” (Ex. 2120 794.) I
completely disagree. Leucovorin would be used to end the interval of time
pemetrexed 1s active (as with high-dose methotrexate therapy) when the patient

develops renal failure and can’t eliminate pemetrexed or an over dose is given.

Once given, the next dose of pemetrexed would have to wait until the increased
pool of reduced folates generated by leucovorin has normalized; otherwise the
pemetrexed would be ineffective, since it prevents reduction of folic acid to
reduced (active) folates. That's why folic acid i3 preferable as pretreatment and

leucovorin is reserved for post treatment when needed.
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147. And. as explained above, it would have been obvious to a POSA to

adjust the amount. method (i.e.. oral or intramuscular administration). and duration

(1.e., the length of time for which folic acid alone or in combination with vitamin
B12) of administration of folic acid and vitamin B12, depending on the clinical

condition of the patient, without undue experimentation.
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40. Dr. Zeisel’s opinion fails to evaluate or consider binding affinities. In

fact, prior to June 1999 it was well known that all cells add bulky “polvglutamate

tails” onto folates once the folates are taken up into the cell via an enzyme called
folvipolyglutamyl synthetase (FPGS). It was also known prior to June 1999 that
the same mechanism applied to the antifolates as well. This 1s a very important
means by which cells prevent folates (and antifolates) from leaking back out of the
cell, thereby enabling them to accumulate high concentrations of folates inside the
cell, which is where folates and antifolates exert all their actions. (Ex. 1084,
Chabner 1985) One of pemetrexed’s advantageous features is that it has a
particularly high affinity for FPGS. Literature shows that pemetrexed’s affinity for
FPGS 1z 100-fold greater than methotrexate. (Ex. 1085, Habeck 1995 at 326-33,
Table 1) Therefore, pemetrexed briskly accumulates in cancer cells much more so

than other antifolates since it is more avidly polvglutamated.

41 The chemical structure of pemetrexed is similar enough to the folate
structure to “fool” cells into using it instead of natural folates. It thereby acts as a
folate enzyme mhibitor (or “antifolate™), preventing or slowimng cell drvision and

cell viability.
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43, As of June 1999, the dosing of pemetrexed was 600 mg/m?2, reduced
to 500 mg/m2 due to toxicity. (Ex. 1011, Rusthoven 1999 at 1194; Ex. 1015,
O'Dwyer 1999) At a dose of 500 mg/m?2, plasma concentrations of the drug
reach 310 micromolL. (Ex. 1086, Li 2007 at 1071-76.) In fact, cancer cells
concentrate pemetrexed in its polyglutamate form above the concentrations of
pemetrexed found in the plasma. (Ex. 2075, Shih 1997 at 1121.) Nevertheless,
even if one assumes that an intracellular concentration of pemetrexed is no greater
than the plasma levels of pemetrexed achieved, 310 micromolar exceeds the
concentration needed to inhibit one-half of DHFR. activity by over a thousand-fold,
a fact proven by Lilly’s own scientists in 1997 and 1998, (Ex. 2075, Shih 1997 at
1116-23; and Ex_ 2078, Shih 1998 at 135-52) Thus, at concentrations achieved
using standard dosing guidelines in 1999, pemetrexed was a highly effective

inhibitor of DHFR.

44 Indeed, these studies demonstrate that in its polyglutamated form
pemetrexed 1s nearly as inhibitory of DHFR as it is of TS. The inhibitory constant,
or Ki, is an indication of how potent an inhibitor iz and defines the concentration
required to produce half maximum inhibition: the Ki of DHFR by pemetrexed
pentaglutamate is 7.2 nmolar versus 1.3 nmeolar for thymidylate synthase, which in
terms of enzyme kinetics is nearly an equivalent level of inhibition. (Ex. 2078,
Shih 1998 at 143; Ex. 1013, Calvert 1908 at 2.) A subsequent review of the drug
indicates that not only is the [pemetrexed] compound a TS inhibitor, but it also
inhibits dihydrofolate reductase (DHFR). (Ex. 2078, Shih 1998 at 136; Ex. 2075,
Shih 1997 at 1118; Ex. 1013, Calvert at 35; Ex. 1076, Zeisel Tr. 22:4-0 (stating,
when questioned, that pemetrexed has “some activity against DHFR.™). Dr. Zeisel,
admuttedly, did not consider the inhibitory constants when rendering his opinions.
(Ex. 1076, Zeisel Tr. 22:18-24 (testifying that he “d[id]n’t recall the binding
affinity [of pemetrexed]”; 24:16-23 (indicating that he “ha[dn’t] looked more
deeply into that literature because it wasn't part of what he was asked to
consider.”).)

45.  Itis therefore my opinion that a POSA in 1999 would have
understood that pemetrexed inhibits DHFE. nearly as equally as it inhibits

thymidylate synthase (TS) and that pemetrexed does not and cannot select and act

only upon TS.

Source: Ex. 1078 at 1143-45; Paper 48 at 13.
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86. Dr. Zeisel opines that using folic acid and vitamin B12 as a
pretreatment in a cancer patient in order to lower homocysteine in the cancer
patient was not cbvious. (Ex. 2118 72)) Since many experts in that era were
recommending B-vitamin supplementation, including folic acid and vitamin B12
on a proactive basis to reduce the risk of cardiovascular events in the same way
that we now routinely administer therapy for high cholesterol level, I would
dizagree with Dr. Zeisel. (Ex. 1102, Boushey 1995 at 1049, 1056 (discussing risk
factor of tHey levels and arteriosclerotic vascular diseases and indicating that
supplementation with folic acid and cobalamin would correct vitamin B12
deficiencies and lessen concern about possible masking effects of folic acid); Ex.
2082, Omenn 1998 at 423 (finding the linking of folic acid, homocysteine and
cardiovascular disease “risk as remaining strong”™ and recommending daily intakes

of folic acid and vitamin B12).)
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87. APOSA in June 1999, would have known that treating a patient with
vitamin B12 and folic acid was an effective means of treating elevated
homocysteine levels and that vitamin B12 and folic acid, when administered
together, were much more effective in lowering homocysteme levels than folic
acid alone. This was well-known as early as 1992, with publications showing that

supplementation with B6, B12 and folic acid had been successfully used to reduce

hyperhomocysteinemia. (Ex. 1049, Mazon 1992 at 201; Ex. 1019, Bronstrup 1998

at 1109 (“The results of this study suggest that the addition of vitamin B-12 to

supplements containing 400 mg folic acid or to enriched foods maximizes the
reduction of tHey through the synergistic potential of both vitamins.™); Ex. 2082,
Omenn 1998 at 423 (finding the linking of folic acid, homecystemne and
cardiovascular disease “risk as remaimning strong” and recommending daily intakes
of folic acid and vitamin B12); Ex. 1076, Zeisel Tr. 133:21-134:4 testifying that “T
believe you're asking were there in the public domain papers and information [in
19997 that said when vou combine some of the B6, B12 and folate that vou might
get a bigger reducing in homocysteine than if you used any one alone . . . And that

was true for a number of reasons. ™))
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80. Dr. Zeisel states that a POSA would not assume that an elevated

homocysteine level would necessarily warrant treatment, partially because there is

no strict definition of what 15 considered an elevated homocysteine level and

results can vary. (Ex. 2118, Zeisel Dec. 79 64-66.) I disagree. Homocysteine, 82. A POSA, in June 1999 would have been well aware that elevated

an intermediary compound in methionine metabolism, produces adverse health homocysteine levels could be caused by low folate and that supplementing a

Setconics Whet: Sreativ plevated in e plisna.. Ty thie paryiaud mid 1990 patient with folic acid would reduce the elevated homocysteine levels. (Ex. 2065,

compelling evidence had accrued which indicated that elevated homocysteine ) )
Brattstrom 1996 at 12775-785 (treatment of elevated homocysteine levels with a
levels, even of a modest degree, conveyed an increased risk of stroke and heart
combination of folic acid and cvanocobalamin is “wise™); Ex. 1076, Zeisel Tr.
attack. (Ex. 1102, Boushey 1995 at 1049, 1056; Ex. 2082, Omenn 1998 at 42-23;

i A9, NS 1900 C A BaEa I T Ea sl diseise ik s Witk 37:20-22 (“Q: It wasn't rare, in 1909, for high homocysteine to be caused by low

only modest elevations in plasma levels of homocysteine.).) folate? A: Tt+iwas not rare.™); Ex. 1076, Zeisel Tr. 34:15-20 ("Q: What were the
81 Additionally, it was well known in 1990 that elevated pretreatment combination nutrients that people with high homocysteine were treated with? A:
levels of homocysteine highly correlated with the toxicity of pemetrexed. (Ex. Folate would have been a treatment that thev used B6, B12.7))

1008, Niyikiza 1998 at 126-127 (elevated baseline homocysteine levels highly
correlate with severe hematologic and nonhematologic| toxicities following
treatment with pemetrexed).) Accordingly, a POSA in June 1999, would have
been highly motivated to lower even modestly elevated levels of homocysteine in a

patient scheduled to receive treatment with pemetrexed.

Source: Ex. 1078 at 1180-82; Paper 48 at 22. NEPTUNE DX - 285
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01. In 1999 3 POSA would identify those patients that are B12 deficient
and would have repleted them prior to initiating chemotherapy. A POSA would
therefore not leave a deficiency to linger due to the risk of irreversible damage and
the very short delav in chemotherapy (approximately one week) that would be
required to replete the patient. (Ex. 2069, Naurath 1995 at 87 {normal
concentrations of homocysteine and MMA were achieved following five days of

vitamin and folate supplements).)

Source: Ex. 1078 at 191; Paper 48 at 22. NEPTUNE DX - 286
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58 InJune 1999 a POSA would have been aware that vitamin B12

60. Asaresult, a POSA, in Tune 1999, would have likely checked vitamin
deficiency 1s by no means rare, and in fact is common in certain patient

B12 status in those patients following a vegan or vegetarian diet and pretreated
populations.
with vitamin B12 or, alternatively, would have empirically treated all vegans and
58, The susceptibility of vegetarians and vegans to vitamin B12
vegetarians to replete the patient before administering an antifolate therapy,
deficiency was well-recognized before 1900, (Ex 1088, Herbert 1994 at 12135
including pemetrexed.
(dietary deficiency of vitamin B12 results from vegan diet); Ex. 1089, Markle 1994
61. In June 1999, a POSA would have also known that B12 deficiency 1s
(vegetarians have long been known to be at risk of cobalamin deficiency) Ex.

common among elderly individuals. (Ex. 1089, Markle 1996 “significant number
1090, Gleeson 1974 (vegans susceptible to vitamin B12 deficiency); Ex. 1091,

of elderly and HIV-positive individuals are also at increased risk of deficiency.™).
Mann 1999 at 898 (proportion of low and deficient vitamin B12 subjects
) ) o ) ] It is generally accepted that this is due to atrophic gastritis. or the thinning of the
disproportionately high in a population skewed to higher percentage of
) ) ) lining of the stomach, the prevalence of which increases rapidly with age
vegetarians); Ex. 1076, Zeisel Tr. 149:18-150:9 (“Q: So low levels of B12 is more
) ) ) ) ) beginning in the 50s, afflicting ~40% of people in their 80°s. (Ex. 1092, Carmel
common in, yvou said, the elderly and in vegetarians and vegans, is that correct? A:
) ) ) ] ) 1997 at 750; Ex 1093, Krasinski 1986 at 800.) “Elderly’ is a loosely-defined term
Yes.™)) First, vegetarians and vegans are vulnerable to and are at heightened risk
but generally refers to individuals 60-65 vears of age and above. (Ex.1088,
for vitamin B12 deficiency. This is particularly true of those vegetarians who
) ) . ] o o Herbert 1994 at 12135 (“the most frequent cause of omnivore vitamin B-12
strictly avoid all animal products (so-called “vegans™). This is because vitamin
. . . . deficiency 1s genetically predetermined age-dependent loss of gastric secretory
E12 iz found almost exclusively in animal products, making vegans and

: ) 3 Y : function, i.e. pernicious anemia.™).)
vegetarians particularly susceptible to vitamin B12 deficiency. (Ex. 1088, Herbert

1004 at 121358)

Source: Ex. 1078 at 1158-61; Paper 48 at 26. NEPTUNE DX - 287
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65. Additionally, a POSA would have known that any patient with a

; Lo history of stomach surgery, certain intestinal diseases that are not rare such as
62. Itis common knowledge that gastric juices are needed to properly e = Z

celiac sprue and Crohn’s Disease, and any patient taking acid-suppressant drugs
cleave the bonds holding vitamin B12 to protein so that it can be processed by the
such as Prilosec over the long-term would be at a higher risk for vitamin B12
body. (Ex. 1076, Zeisel Tr. at 77:5-8 ("Some people can absorb B12 from a
deficiency due to their inability to absorb enough vitamin B12 from food. (Ex.

vitamin well but not from meat. where B12 iz located. because it’s hound to 1005, MacLean 1983 at 352, fig. 4 (stomach surgery): Ex. 1103, Sat 1004

proteins and they have trouble pulling it off ™)) As an individual ages their gastric (Prilosee).

juices also decline, thereby interfering with the absorption of B12 from foodstuffs. 66. Itis also important to recognize that cancer patients suffering from
63. In fact, this information was well-recogmized in medical circles well nausea due to chemotherapy (a common side effect of cisplatin, which in 1999 was

before Tune 1999 For example, in a 1904 study of aver 500 free-living elder commonly given in conjunction with pemetrexed) are more susceptible to vitamin

¥ 1 - " T 111 1 =
individuals aged 67-96, 11.3% were found to be B12 deficient. as defined as Hizychinecy duslohes pyeull iiutenst i (G 100 Mask e logi A

353 (vomiting on a daily basis is an excellent indicator of nutritional depletion and
having both low plasma B12 and elevated methvimalonic acid levels. (Ex. 1094,
can result in both malnutrition and diminished vitamin status); Ex. 1061, Cubeddu
Lindenbaum 1994).

1990 (“Cisplatin ... produces the most severe nausea and emesis of any

64.  Asaresult, it would have been common for a POSA, in June 1999, to ) . )
chemotherapeutic agent.™; Ex. 1074, Vu 1993 (early negative B12 balance

posscss a high index of suspicion for B12 deficiency among elderly paticnts and evidenced in chemotherapy patients that in some instances was induced by the
pretreat many with vitamin B12 before administering an antifolate therapy, treatment itself).) Thus, the risk factors for B12 deficiency described above would
including pemetrexed. be even more likely to result in a genuine state of deficiency since the depletion of

B12 is exacerbated by nausea and vomiting, which results in inadequate

consumption of foodstuffs containing B12 or oral intake of vitamin supplements.

Source: Ex. 1078 at 162-66; Paper 48 at 26. NEPTUNE DX - 288



Dr. Mason

Dr. Mason’s Testimony

67. As aresult it would have been commeon for a POSA. 1n 1990 1o
pretreat such patients with vitamin B12 to replete them before admimistering an

antifolate therapv, including pemetrexed.

Source: Ex. 1078 at 167; Paper 48 at 26. NEPTUNE DX - 289
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76. The “209 patent claims that vitamin B12 should be administered via
intramuscular injection in doses ranging between 1000 pg or 500 - 1500 pg every 6
to about every 12 weeks during treatment. (Ex. 1001, “209 patent at claims 3-5,
12, 14-15). The Patent Owner argues that a POSA would not use the doses and
schedules claimed in the patent. (POR IPR 2016-240 at 32.) I disagree. Inmy
opinion, once repleting a cancer patient with vitamin B12, a POSA in June 1999,
would have repeated intramuscular injections of 1000 pg of B12 every several
weeks, particularly during chemotherapy treatment. Although B12 repletion (and
resolution of the methyltrap) typically occurs within five days, a patient
undergoing chemotherapy treatments. particularly in the presence of cisplatin
(recommended to be administered with pemetrexed). is at additional risk of
recurrent deficiency of vitamin B12 during chemotherapy treatment since the
nausea and vomiting commonly induced by cisplatin would discourage oral intake
of both foodstuffs containing B12 or oral vitamin supplements, depleting his or her
vitamin B12 during chemotherapy treatment. (Ex. 2069, Naurath 1995 at 87 (in
vitamin treated patients, a normal concentration was achieved by day 5); Ex. 1061,
Cubeddu 1990 (“Cisplatin .. produces the most severe nausea and emesis of any
chemotherapeutic agent ™; Ex. 1074, Vu 1993 (early negative B12 balance
evidenced in chemotherapy patients that in some instances was induced by the
treatment itself); Ex. 1076, Zeisel Tr. at 46:12-47:12 (testifying that “cancers in

which the treatment makes people unable to eat, a POSA would have realized that

they developed nutritional deficiencies. And some of those cancers where eating
properly was difficult, a part of the cancer itself, a POSA would have realized that
there was a potential for developing — malnutrition, ves.”).) Dr. Zeisel alzo
testified that 1 mg (1000 pg of vitamin B12) would be depleted by a patientina
matter of weeks, requiring additional and repeated intramuscular injections. (Ex.
1076, Zetsel Tr. 90:8-91:4 (“when vou give an [intramuscular] dose, you don’t
have to give it to them daily. You give them something more than the few
micrograms they need so that they can draw on that does that’s sitting in the
muscle that you stick it in for a period of time. And so a standard dose, probably,
you know, a milligram would have been enough to last them weeks before they run
it down.™).)

77. Therefore, a POSA in June 1999 would likely recommend continued
repeated treatments with vitamin B12 every several weeks to those patients
undergoing chemotherapy. Most commonly the treatment interval 1s every four
weeks. However, I have had patients over the yvears who dislike monthly
injections, in which case I have successfully stretched out their injections to 6-12
weeks by confirming with MMA levels that they are not becoming vitamin B12
deficient after four weeks. Thus, a POSA in 1999 would have, in some instances,
treated patients with vitamin B12 intramuscular injections every several weeks,

including treatment intervals between 4 and 12 weeks, depending on the patient.

Source: Ex. 1078 at 1176-77; Paper 48 at 26. NEPTUNE DX - 290
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73, A POSA 1n 1999 would have also known that even though taking
vitamin B12 orally is possible, a medical professional overseeing vitamin 512
supplementation would most likely have administered vitamin B12 through an
intramuscular injection and would not have administered it orally. This is in part
because some patients who are vitamin B12 deficient would be unable to absorb
the vitamin if taken orally. Accordingly, Dr. Zeisel stated during his deposition
that: “A patient who can’t absorb an oral dose would get an intramuscular dose . . .
For patients with pernicious anemia_ this subset of patients we ve just been talking
about, their problem is is they do not make a protein in the gut needed to
intramuscular B12. So thev cannot absorb B12. And you treat people with that
problem with intramuscular dose.” (Ex. 1076, Zeisel Dep. 88:9-19.) Furthermore,
administering vitamin B12 through a 1000 ug intramuscular injection prevents the
need to treat the patient daily, ensuring that the patient can draw on the vitamin
B12 injected into the muscle for a period of weeks before undergoing additional
B12 treatments. (Ex. 1076 Zeizel Tr. 20:8-91:4 (“when vou give an
[intramuscular] dose, you don’t have to give it to them daily. You give them
something more than the few micrograms they need so that they can draw on that
does that’s sitting in the muscle that you stick it in for a period of time. And so a
standard dose, probably, you know, a milligram would have been enough to last

them weeks before they run it down ™))

Source: Ex. 1078 at 173; Paper 48 at 26. NEPTUNE DX - 291
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54. The fact that administering vitamin B12 supplements releases no

additional folate for DINA synthesis and other functions once a person is B12-

52. First, a POSA in 1999 would not avoid supplementing cancer patients replete is well demonstrated by a paper from 1998, (Ex. 1087, Kuzminski 1998 at

with vitamin B12 because of concerns that it might accelerate fumor growth since 1191-1198; see figure 3 at 1196 (demonstrating that once a state of B12 repletion

i ) 1z achieved the decrease in homocysteine levels off)) In the Kuzminski et al.
even the theoretical concern about releasing folates newly converted to the useable
study, the homocysteine level 1s a valid proxy measure of the methyl trap. The fact
THF form with the vitamin B12 pretreatment would only apply to those
that homocvsteine does not further decline once B12 repletion is achieved indicates

Tndup Solit Bl 2 acficient that, following repletion, the additional ‘release of folate trapped as 5-methvITHE®

to the more utilizable form (THF) 15 no longer occurring. In fact, in paragraph 53
of the Zeisel declaration, Dr. Zeisel acknowledges that the effect is confined to

individuals who are B12 deficient.

Source: Ex. 1078 at 1152, 54; Paper 48 at 27. NEPTUNE DX - 292
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75. Inmy opinion, a POSA in Tune 1999 would have identified those
patients who were vitamin B12 deficient and would have repleted those individuals
via intramuscular injections of 1000 pg of B12 prior to initiating chemotherapy.
Further, it is likely that the POSA would have similarly chosen to treat those
identified as being at high risk of vitamin B12 deficiency. Accordingly, a POSA in
June 1999 would not have been concerned that pemetrexed efficacy would be
negatively impacted by the vitamin B12 pretreatment, particularly since the
methyl-trap 1ssue (cited as the primary concern by Dr. Zeisel, Ex. 2118 v 536)

would resolve quickly and prior to treatment.

Source: Ex. 1078 at 175; Paper 48 at 27. NEPTUNE DX - 293
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53. Though only a minority of all patients undergoing cancer treatment 55. Dr. Zeisel states in paragraph 55 that “___as of June 1999, vitamin
are vitamin B12 deficient, vitamin B12 deficiency is common amongst certain B12 was understood to be able to enhance the activity of methionine synthase and
patient populations, including the elderly. Accordingly, the POSA would not to increase the amount of the enzyme.” (Ex. 2118 155) Dr. Zeisel cites Ex. 2038,
refrain from using B12 in non-B12 deficient patients over concerns for those that Gulati et. al. But that study compared B12-deficient cells (cultured in media
are vitamin B12 deficient. Further, what concerns a POSA might have for the estimated to be 125 pM=167 pg/mL) with fully repleted cells, so one would expect
minority of all patients would be eliminated since the POSA would almost ugthiing cke than aninceease inacfibity of recthicniie syrithase since i &8

certainly have identified those patients presenting with a vitamin B12 deficiency FRpEamEnk e defient il atcbete upp ncated ek B

g . : ) 536, Thus, in June 1999, a POSA would not be concerned with the release
and repleted them before initiating chemotherapy. This is especially true since the

of folates due to the vitamin B12 pretreatment and therefore would not avoid
training of oncologists always includes a great deal of hematology education as
pretreating a patient with vitamin B12 prior to administering antifolates, including
well, so these specialists are very attuned to attending to causes of anemia.
pemetrexed.

Source: Ex. 1078 at 1153, 55-56; Paper 48 at 27. NEPTUNE DX - 294
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68. Dr. Zeisel states that even in those vitamin B12 deficient patients a 71. The fact that 1000 pgs of intramuscular B12 was a standard treatment

POSA would have avoided treating them with vitamin B12 because a patient “who in 1999 s further shown in Barker, et. al.. Principles of Ambulatory Medicine, 4th

has low levels of vitamin B12, and therefore would be understood to have a Ed. (1995), in which it states that: “The usual treatment for B12 deficiency is

significant amount of folate ‘trapped’ in the 5-methylTHF form, administering ) o . B
monthly intramuscular administration of 1000 ug of B12_..7 (Ex. 1097, Barker
even a small amount of vitamin B12 would be understood to have the effect of

1005 at 600.) Vitamin B12 was also, in June 1999, provided in 1000 pg ampules,
releasing potentially large amount of folate from the “trap.™ (Ex 21189 53) Asa

" - further demonstrating that 1000 pg was a well-known and accepted dose at that
result, Dr. Zeisel states, a POSA would therefore believe “that even a small dose of =

vitamin B12 [2-3 pg] would be sufficient to overcome methyl trapping of folate, time. Additionally, Dr. Chabner testified in his deposition that “[tJhe patent sort of

and thus release potentially large amount of any “trapped” 5-MTHF in a person’s gives some flexibility to the physician, but [ can tell you in practice everybody uses

cells for use in the form of other folates ” (Ex. 2118 9 55 I disagree since [ 1000 [ug).” (Ex. 1075, Chabner Dep. at 352:7-9; see also Ex. 1074, Zeisel Tr.

believe the POSA would not have avoided administration of B12 for all the reasons 00:8-01:4 (“when you give an [inframuscular] dose, you don’t have to give it to

I described above. Moreover, [ believe the POSA would have administered a dose them daily . . . And so a standard dose, probably, you know, a milligram would

of 1000 pgs as opposed to the 2-3 pgs proposed by Dr. Zeisel. In fact, 1000 pgs i B
have been enough to last them weeks before they run it down ™))

was one of the standard treatments of vitamin B12 supplementation in June 1999

Source: Ex. 1078 at 1168, 71; Paper 48 at 31. NEPTUNE DX - 296
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00. DBecause of the irreversible damage caused by untreated vitamin B12
deficiency and the likelihood that a vitamin B12 deficiency may be masked by the
supplementation of folic acid, practice dictated for many vears (including the
decades preceding 1999) that vitamin B12 deficiency--once identified or suspected
--needs to be treated promptly and thoroughly. (Ex. 2063, Brattstrom 1996 (“in
vitamin B12 deficiency, erroneous treatment with folic acid may correct the
hematological abnormalities but elicit and deteriorate vitamin B-12 neuropathy.
Therefore, before start of therapy, vitamin B-12 deficiency must be excluded, and
the combination must contain a dose of cvanocobalamin high enough to prevent
the occurrence of vitamin B-12 deficiency™.) This 1s why therapy is always begun
with an intramuscular injection such as the 1000 pug dose of vitamin 512 described

above.

Source: Ex. 1078 at 190; Paper 48 at 31.
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27.  For most drugs, Phase 1 trials are small, closely monitored studies, 1n

normal healthy volunteers, although for conditions such as cancer, patients with
advanced disease are often recruited for these trials. In Phase 1 the goal 1s to learn
how a drug 1s absorbed and eliminated from the body and to determine safe doses
for further testing. Typically, fewer than 100 subjects participate in Phase 1. If
patients are studied in Phase 1, mnitial evidence of effectiveness may be available
from those short-term studies, but these small trials are not designed or large
enough to reliably quantify efficacy.

28, Phase 2 trials are the first trials to evaluate the effectiveness of the
drug for patients with a particular condition. The studies often involve several
hundred patients. They are used to learn enough about the drug to plan the larger
trials 1 Phase 3 that will study the safety and effectiveness of the drug for one or

more mdications. The studies in these phases can sometimes overlap.

Source: Ex. 1080 at 1 27-28; Paper 48 at 16. NEPTUNE DX - 299
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39, Inmy opinion, the record reflects instead a recognition that vitamin

supplementation indeed was obvious, based on the mechanism of action of

pemetrexed, but that to introduce folate and B12 supplementation at an interim

potnt inian erigaing phase 3 cndomized clinical frial o sk of jeopardicing randomization, based on post-randomization observations of the

the interpretation of the results of the trial. Th stemmed fi reral : s : :

SRR TR R SO B primary end-point, i.e., survival—as Lilly proposed—then the
135088 e : : :
comparability of the two randomized arms is compromised and
a. First, statistical inference upon the completion of a randomized
the study may not be interpretable. This has nothing to do with
trial requires formal specification of when and how the trial
obviousness.
would be analvzed. Interim analyses are planned events, as the

e A R i o R B d. FDA's long standing policies, as reflected in the combination

modifying a trial based on knowledge of those results must be drug regulations cited above, are to demonstrate the need for
done in a way that does not bias the final result. This concern the combination with a randomized comparison of the

was reflected in Dr. White's comments about a lack of a combination to at least one of the drugs alone. This also has
statistical plan. This has nothing to do with obviousness. nothing to do with obviousness.

b.  When a trial is modified and the treatment in the first part of the
trial iz not the same as the treatment in a second part—as Lilly
proposed to FDA—it may not be statistically justifiable to pool
the two parts of the trial, and the trial may fail for lack of
power. This has nothing to do with obviousness.

C. If the treatment is changed for some or all participants after

Source: Ex. 1080 at 1139(a-d); Paper 48 at 33. NEPTUNE DX - 300
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1% Browineweesahanot codvniced ther e ity e anemal iepod 41.  Inshort, FDA requires clinical trial evidence in many settings where

wes cnstaenfwith, Lally's pew axalyses. and Setlack of consdency, Xy the outcome is confirmation of the obvious. But in a phrase FDA borrows from

opinion, was a reasonable basis for him to disagree with Lilly’s proposed change. T i G o s Tt ey 1 it sbica et i no G

It was not that folate or B12 supplementation were unexpected to provide a clinical FDA's co b il reiting il s peopascd vibinin sapplisasntition

benefit, or that there was a reason not to study the contribution. Dr. White, in my : : s . : s
’ v ) Y were mamifestations of this policy—FDA was not expressing skepticism as to the

opinion, was objecting to how Lilly was proposing to introduce the addition of ' o ; "
= ’ = - FRPRRE benefits of vitamin supplementation, but was merely performing its statutory duty

vitamin supplementation, and suggesting that Lilly should do so in a way that ; o y : s i . : "
in requiring that Lilly submut data providing justification for introducing folate and

would document the contribution of vitamin supplementation to both safety and . o . . . .
B12 supplementation at an interim point in an ongoing phase 3 randomized clinical

effectiveness. Once Lilly submitted to the FD'A data regarding the impact (or lack ] . _ o . ) .
trial ran the risk of jeopardizing the mterpretation of the results of the trial.

thereof) of vitamin supplementation on efficacy, including the prior art that [
understand is at issue in this matter, I do not see any evidence that he questioned
the obviousness that these vitamins would be beneficial to both the safety and

effectiveness of the drug.

Source: Ex. 1080 at 1140-41; Paper 48 at 33. NEPTUNE DX - 301
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Patent 7,772,209

L Background
A, Antifolates and Folates

Folates, such as tolic acid, are a class of compounds that the body needs to
make DNA. Ex. 21209 34: Ex. 21189 21. DNA is required in order for cells,
both normal and cancerous, to divide and grow. Ex. 21209 34, Various enzymes
in the human body convert various forms of folate to other forms; this cyele or
pathway of folates being converted from ene form to another is the folie acid

pathway, Ex. 21209 34; Ex. 2118 922, For example, one such enzyme in the

and thereby hamper cell division, ulumately killing cells that are dividing. Ex.
2120945, Ex. 211849 25-26. 1t is this mechanism that allows antifolates to be
effective in treating cancer: cancer cells divide rapidly and have a high demand for

DNA precursors and are thus particularly susceplible to antifolates. Jd.
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Patent Owner’s Response

Case No. IPR2016-00237
FPatent 7,772,209

trial; however, a phase T clinical trial of this regimen, published by Laohavinij in
1996, showed that the regimen led to only one response—Tfar fewer than had been

observed in trials of lometrexol unsupplemented by folic acid. Ex. 2031 at 333,

participating in pemetrexed clinical trials. Dr. Niyikiza published the results from

this analysis in two abstracts in 1998, Ex. 1008 (Niyikiza [) at 6090, Ex. 2015
(Nivikiza 1) at 2139. The abstracts explained that there was a correlation between

pemetrexed toxicity and the level of homocysteine in the patients’ blood prior to

10
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ase [ clinical trial of this regimen, published by Lachavi
c—Tar fewer than had been

observed i

Clearly, fo

unusual
1194: Ex.

accompan

determine

To do so, he statistically analyzed more than sixty variables deseribing patients

participating in pemetrexed clinical trials. Dr. Niyikiza published the results from

this analysis in two abstracts in 1998, Ex. 100% kiza I) at 609D, Ex. 2015
(Niyikiza Iy at 2139. The abstracts explained that there was a correlation between

pemetr toxieity and the level of hom cine in the patients’ blood prior to
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Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

IPR Evidence Not Before Federal Circuit:

Niyikiza’s ideas. Long before there ever was a “209 patent or his retention as an

expert by Lilly, Dr. Chabner was interviewed by the Wall Street Journal about VS

what he thought of Dr. Niyikiza’s vitamin pretreatment regimen for pemetrexed;




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

IPR Evidence Not Before Federal Circuit:

2003- Advisory Committee for Forteo Eli Lilly
VS.

4 When did you begin working with

9 Lilly on Forteo?

23 was 1n the -- I told you earlier. It was

24 in, around 2000.




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

IPR Evidence Not Before Federal Circuit:
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Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

IPR Evidence Not Before Federal Circuit:




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit IPR Evidence Not
Ruling: Before Federal
Circuit:

Given the toxicity correlations that Dr. Niyikiza ob-| | piece, I have said that there are numbers of
served with homocysteine levels but not with MMA levels,| |
Eli Lilly’s experts testified that the Niyikiza abstracts
“present[ed] no evidence for a relationship of vitamin B12| |**  B12 or low Bl2 being one of them.
and pemetrexed toxicity” and would not have motivated a| |is
skilled artisan to administer vitamin B12 to patients to| | . . .
address pemetrexed toxicity. J.A. 1466-67; see also J.A. © MMA, I belleve that Niyakiza does not support
1475, 1942. Defendants’ expert, Dr. Ratain, confirmed| [*7 the conclusion that B12 is -- B12 deficiency is
that if a patient exhibits elevated homocysteine but| | .
normal MMA levels, a skilled artisan “would conclude
that that patient was folate deficient” but “not [vitamin]| |° 9roup of patients, I can't say it is and I
B12 deficient.” J.A. 622-23. 20 can't rule out it isn't.

reasons that homocysteine could be elevated,

However, in the presence of normal

the cause. It just says that, at least in this

Source: Paper 63 at 15; Fed. Cir. Slip Op. at 26; Ex. 1076 at 116:12-20; Paper 48 at 24. NEPTUNE DX - 317



Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

IPR Evidence Not Before Fed. Cir.: EP 005:

In accordance with the invention there is provided the use in the manufacture of a pharmaceutical
preparation for lowering levels of homocysteine or for the prophylaxis or treatment of elevated levels of
homocysteine in a patient of a combination which comprises

a) vitamin BG;
b) folate or a suitable active metabolite of folate or a substance which releases folate in vivo;
¢) vitamin B12, with or without intrinsic factor.

The pharmaceutical compositions are not only to be used in the treatment of raised homocysteine
levels induced nutritionally, genetically or as a result of a variety of diseases, but also in those cases where
the elevated homocysteine levels are drug induced or in combination with a B8 or folate antagonistic drug,
which has a tendency to raise homocysteine levels. Examples of other situations in which blood homao-
cysteine levels may be elevated are the following: post-menopausal women, liver failure, leukemia, other
cancers, chronic renal failure. Slow-release formulation of PL prevenis excessive liver oxidation to the
biologically inactive pyridoxic acid.




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

—ederal Circuit Ruling:

597-98; see also J.A. 1957. Defendants fail to point to
evidence that. even 1if folic acid supplementation were
known to 1mprove effects of pemetrexed treatment, a
skilled artisan would have thought the same of vitamin

Bl12. Indeed. El Lilly offered expert testimonv that a

IPR Evidence Not Before Fed. Cir.: EP 005:

Furthermore, applicant has surprisingly found that for purposes of controlling blood homocysteine
levels, the combination in accordance with the invention of PL, folate and vitamin B12 produces advanta-
geous effects which go substantially beyond what might be expected from a simple additive effect of the
action of these drugs. Thus, an unexpected synergism exists when vitamin B12, folate and PL are given
concurrently and this effect can be even greater when the vitamins are given in conjunction with a biological

The composition according to the invention is nearly twice as effective as folate alone. This indicates a
significantly more than a purely additive effect of the three component combination (synergism).

The tests show that (in contrast to prior art reports teaching the use of folate alone at levels 5 o 20
times higher than in the present trials), nearly 50% of patients do not respond sufficiently to folate alone
and 10-20% do not respond to folate alone at all, (not even if the folate dosage rate is greatly increased).
By way of contrast, the combination in accordance with the invention, using very low folate concentrations,
achieved close on 100% success.

Source: Paper 63 at 15; Fed. Cir. Slip Op. at 27; Ex. 1010 at 4, 9; Paper 48 at 21-22. NEPTUNE DX - 319
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Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

597-98: see also J.A. 1957. Defendants fail to point to
evidence that. even 1if folic acid supplementation were
known to i1mprove effects of pemetrexed treatment. a
skilled artisan would have thought the same of vitamin
Bl2. Indeed. El Lilly offered expert testimony that a

IPR Evidence Not Before Federal Circuit:

What doses and what combination of vitamins
should be recommended for long-term homocysteine
. . — lowering? For several reasons, it seems wise to combine

_ Hyperhomocysteinemia due to vitamin B-12 defi |¢)ic acid and cyanocobalamin. First, folic acid seems to
ciency does not respond to folic acid therapy (Allen efl |reguce almost all but low homocysteine levels. Second,
al. 1990). It is likely, that even in subjects with low| |cyanocobalamin will probably secure full folic acid re-
normal vitamin B-12 concentrations full response to| |sponsiveness. Third, in vitamin B-12 deficiency, erro-
tolic acid cannot be achieved unless vitamin B-12 is| |neous treatment with folic acid may correct the hema-
given concomitantly {Landgren et al. 1995). This view| |tological abnormalities but elicit and deteroriate vita-
min B-12 neuropathy {Chanarin 1994). Therefore,
before start of therapy, vitamin B-12 deficiency must
be excluded, and the combination must contain a dose

Source: Paper 63 at 15; Fed. Cir. Slip Op. at 27; Ex. 1063 at 1277S-78S; Paper 48 at 21-22. NEPTUNE DX - 320



Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

H97-98; see also J.A. 1957. Defendants fail to point to
evidence that. even 1if folic acid supplementation were
known to improve effects of pemetrexed treatment. a
skilled artisan would have thought the same of vitamin
Bl2. Indeed. Eh lLilly offered expert testimony that a

IPR Evidence Not Before Federal Circuit:




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit IPR Evidence Not
Ruling: Before Federal
Circuit: EP 005

Regarding the dose and schedule of vitamin B12, the
district court reiterated that “there are no prior art refer- FL Ealale « Blz
ences where any amount of vitamin Bis pretreatment had . I ! ,
been used with an antifolate in the treatment of cancer.” Formulation Range|Preferred | Range|Preferred | Range|Preferred
type mg |mg mg Img mg |mg |
Normal (no | 2-5 |5 0,2-151,0 | 012 (05
absorption
problem) |
. _ |
Special (to | 2-50 |5 | 215 5 | 025 |10
| overcome
lahanrplion
problems) |
|

Source: Paper 63 at 15; Fed. Cir. Slip Op. at 27; Ex. 1010 at 8; Paper 48 at 35. NEPTUNE DX - 322



Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

instance. Defendants only cite evidence of vitamin B12
doses and schedules that are “routine” in other medical
contexts. See, e.g.. J.A. 8150, 8169, 756-57. There 1s no
evidence that. considering the context of pemetrexed
treatment and associated toxicity problems. a person of
ordinary skill would have applied such doses and sched-
ules wholesale.

Folate Bl2

IPR Evidence Not Before L

Federal Circuit: EP 005: wm .|

The pharmaceutical compositions are not only to be used in the treatment of raised homocysteine 0.2-15/1,0 | 0.12 |05
levels induced nutritionally, genetically or as a result of a variety of diseases, but also in those cases where '
the elevated homocysteine levels are drug induced or in combination with a B6 or folate antagonistic drug,
which has a tendency to raise homocysteine levels. Examples of other situations in which blood homo-
cysteine levels may be elevated are the following: post-menopausal women, liver failure, leukemia, other] [ i 1
cancers, chronic renal failure. Slow-release formulation of PL prevents excessive liver oxidation to the | 15 P | 023 |10
biologically inactive pyridoxic acid.

i
Source: Paper 63 at 15; Fed. Cir. Slip Op. at 27; Ex. 1010 at 4, 8-9; Paper 48 at 21-22, 35. NEPTUNE DX - 323
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Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

instance. Defendants only cite evidence of vitamin B12
doses and schedules that are “routine” in other medical
contexts. See, e.g.. JA. 3150, 8169, 7566-57. There 1s no
evidence that. considering the context of pemetrexed
treatment and associated toxicity problems. a person of
ordinary skill would have applied such doses and sched-
ules wholesale.

IPR Evidence Not Before Federal Circuit:

Q. Would a POSA have considered the EP
'005 teachings to be applicable to the
antifolate context?

A. Yes, Ido. I would because the
application itself refers to using this
approach, the synergism of B12 folic acid in
patients with cancer, leukemia, and those
receiving folate antagonists.




Federal Circuit Decision

Lilly’s Sur-Reply Argument:
The Board Should Take Notice of the Federal Circuit’s Related Decision

Federal Circuit Ruling:

instance. Defendants onlyv cite evidence of vitamin Bl2
doses and schedules that are "routine” in other medical

contexts. See, e.g.. J.A. 8150, 8169, 756-57. There 1s no
evidence that. considering the context of pemetrexed
treatment and associated toxicity problems. a person of
ordinary skill would have appled such doses and sched-
ules wholesale.

IPR Evidence Not Before Federal Circuit:

Q. Would a POSA have applied the Would a POSA take that information
Bronstrup reference to the antifolate context? | |to the oncology patient? There is no reason

A. A POSA in the oncology world would| |not to believe that if it worked in the healthy
use that as evidence that it can be deducted to | [Woman between 20 and 34 years of age, that it

be usetul in their patients on antifolates. could also work 1n a patient about to receive
antifolates.

Source: Paper 63 at 15; Fed. Cir. Slip Op. at 27; Ex. 2135 at 331:11-15, 332:8-13; Paper 64 at 12. NEPTUNE DX - 325
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24

"Folate therapy will reliably reduce plasma
homocysteine levels: however. this would also

Source: Ex. 2135 at 121:23-24; Paper 64 at 7.

NEPTUNE DX - 336
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if they were deaths that were a concern. they
would have been known to the POSA. because,
yves. in our world. we learn about them before
we learn about the non-death patients.

e I T

2w

Source: Ex. 2135 at 273:5-8; Paper 64 at 14. NEPTUNE DX - 353



Dr. Bleyer

Dr. Bleyer’'s Testimony




Dr. Bleyer

Dr. Bleyer’'s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Mason

Dr. Mason’s Testimony




Dr. Feigal

Dr. Feigal’'s Testimony

13 Q I think you testified a little while ago you
14  are not opming about obviousness. Are vou?

15 A Not in the -- not i the -- not in the

1€  patent sense but in the everyday meaning of that
17  language there has been a role in vitamins in the
18  evaluation of most of the antifolate drugs so in
19 that sense developing a new one, it 1s an obvious
20 aspect of developing this class of drugs.

Source: Ex. 2133 at 16:13-20; Paper 69 at 2. NEPTUNE DX - 370
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