57117892 A1 | IV Y0000 N0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

15 December 2005 (15.12.2005)

(10) International Publication Number

WO 2005/117892 A1l

(51) International Patent Classification’:  A61K 31/519,
31/7068, A61P 35/00
(21) International Application Number:
PCT/US2005/019170

(22) International Filing Date: 31 May 2005 (31.05.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/521,593 30 May 2004 (30.05.2004) US

(71) Applicant (for all designated States except US):
SLOAN-KETTERING INSTITUTE FOR CAN-
CER RESEARCH [US/US]; 1275 York Avenue, New
York, NY 10021 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): O’CONNOR,
Owen, A. [US/US]; 2 Montgomery Road, Scarsdale, NY
10583 (US). SIROTNAK, Frank [US/US]; 2 Bayview
Drive West, Hampton Bays, NY 11946 (US).

(74) Agent: LARSON, Marina, T.; Oppedahl & Larson LLP,
P.O. Box 5068, Dillon, CO 80435-5068 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: TREATMENT OF LYMPHOMA USING 10-PROPARGYL-10-DEAZAAMINOPTERIN AND GEMCITABINE

& (57) Abstract: Lymphoma is treated using therapeutic combinations of PDX and gemcitabine by administering to a patient suffering
& from lymphoma a therapeutically effective amount of PDX in combination with a therapeutically effective amount of gemcitabine.
The two agents can be administered together or in either order, although administration of PDX followed by gemcitabine is preferred.
As in the case of MTX and Ara-C, synergism is observed, but the extent of the synergism is greater. Further, test results indicate that
mechanism of action for combinations of PDX and Gem is different than for MTX and Ara-C, with more emphasis on induction of

=

apoptosis.



WO 2005/117892 PCT/US2005/019170

-1-

TREATMENT OF LYMPHOMA USING
10-PROPARGYL-10-DEAZA AMINOPTERIN AND GEMCITABINE

This application claims priority from US Provisional Application No. 60/521,593,
filed May 30, 2004, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION

| This application relates to the use of a combination of 10-propargyl-10-
deazaaminopterin and gemcitabine in the treatment of lymphoma.

10-Propargyl-10-deazaaminopterin (“PDX”) is a member of a large class of

compounds which have been tested and in some cases found useful in the treatment of
tumors. This compound, which has the structure shown in Fig. 1, was disclosed by DeGraw
et al., "Synthesis and Antitumor Activity of 10-Propargyl-10-deazaaminopterin," J. Medical
Chem. 36: 2228-2231 (1993) and shown to act as an inhibitor of growth in the murine L1210
cell line and to a lesser extent of the enzyme dihydrofolate reductase ("DHFR"). In addition,
some results were presented for the antitumor properties of the compound using the E0771
murine mammary tumor model. This data was equivocal because of the small number of
mice used in the test (3 per dosage), the absence of any standard deviation information which
would quantify the reliability of the data, and the fact that the highest dose used was in fact
toxic to the mice. Nevertheless, assuming this data has some predictive value for the efficacy
of a drug in treating human tumors, it would at best predict a drug which, at equivalent levels
of tolerance, had properties comparable to or perhaps slightly better than methotrexate.

PCT Publication No. WO98/02163, discloses the surprising observation that more
highly purified PDX compositions when tested in a xenograft model for their efficacy against
human tumors have now been shown to be far superior to methotrexate ("MTX") and are
even superior to edatrexate ("ETX"), a more recent clinical candidate. Moreover, 10-
propargyl-10dAM showed a surprising ability to cure tumors such that there was no evidence
of tumor growth several weeks after the cessation of therapy. Thus, highly purified
composition containing 10-propargyl-10dAM. can be used in accordance with the invention
to treat tumors, including both solid tumors and leukemias. The composition is illustrated for

use in treatment of human mammary tumors and human lung cancer.
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Subsequent studies on PDX have shown that it is useful on its own and in
combinations with other therapeutic agents. For example, Sirotnak et al., Clinical Cancer
Research Vol. 6, 3705-3712 (2000) reports that co-administration of PDX and probenecid, an
inhibitor of a cMOAT/MRP- like plasma membrane ATPase greatly enhances the efficacy of
PDX against human solid tumors in vivo. PDX and combinations of PDX with platinum
based chemotherapeutic agents have been shown to be effective against mesothelioma.
(Khokar, et al., Clin. Cancer Res. 7: 3199-3205 (2001).

Gemcitabine (Gem), also referred to as 1-(2',2'-difluoro-f-D-arabinofuranosyl)
cytosine or 2',2'-difluorodeoxycytidine, is a known compound that belongs to the group of
medicines called antimetabolites. It is used to treat various types of cancer, including cancer
of the breast, pancreas and lung. Gemcitabine is sold under the tradename GEMZAR.

A variety of in vitro and in vivo experiments have demonstrated that sequential
methotrexate (MTX) and cytarabine (Ara-C) are synergistic compared to the single agents or
alternative schedules. As early as 1973, Hoovis and Chou demonstrated that MTX and
Ara-C exhibited marked synergy in a murine leukemia cell line (L5178Y) when used in a
sequence dependent fashion. (Hoovis ML, Chou MY. Enhancement of the antiproliferative
action of 1- -D-arabinofuranosylcytosine by methotrexate in murine leukemic cells (L5178Y).
Cancer Res. 1973;33:521-5.). The authors demonstrated that the pretreatment with MTX
significantly increased the level of ara-CTP independent of DNA synthesis, which led to
increased incorporation into RNA, and enhanced cytotoxicity. Cadman and Eiferman,
Mechanism of synergistic cell killing when methotrexate precedes cytosine arabinoside: study
of L1210 and human leukemic cells. J. Clin. Invest. 1979;64:788-97, similarly demonstrated
the sequence dependency of MTX and Ara-C in the L1210 model of myeloid leukemia,
confirming the preferential accumulation of ara-CTP in MTX pretreated cells. Using the
classic isobologram method of Steel and Peckham, Akutsu et al., Schedule-dependent
synergism and antagonism between methotrexate and cytarabine against human leukemia cell
lines in vitro. Leukemia 2002;16:1808-17, recently demonstrated that the ordered treatment
of MTX followed by Ara-C is truly synergistic in a mathematical analysis, while other
schedules of administration (for example, given together) were potentially antagonistic.

MTX followed by Ara-C is currently a treatment of choice for lymphoma.
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SUMMARY OF THE INVENTION

In accordance with the present invention, lymphoma is treated using therapeutic
combinations of PDX and GEM. Thus, in accordance with one aspect of the invention, a
method is provided for the treatment of lymphoma comprising administering to a patient
suffering from lymphoma a therapeutically effective amount of PDX in combination with a
therapeutically effective amount of gemcitabine. The two agents can be administered
together or in either order, although administration of PDX followed by gemcitabine is
preferred. As in the case of MTX and Ara-C, synergism is observed, but the extent of the
synergism is greater. Further, test results indicate that mechanism of action for combinations
of PDX and Gem is different than for MTX and Ara-C, with more emphasis on induction of

apoptosis.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the structure of PDX and methotrexate;

Fig. 2 shows an HPLC of an impure 10-propargyl-10dAM preparation prepared in
accordance with the prior art;

Fig. 3 shows an HPLC of a highly purified PDX preparation in accordance with the
invention;

Fig. 4 shows a synthetic scheme useful in preparing the compound in accordance with
the invention; and

Fig. 5 shows results from tests on an in vivo SCID beige mouse xenograft model of

SKI-DLBCL-1.

DETAILED DESCRIPTION OF THE INVENTION

This application relates to the use of combination of 10-propargyl-10-
deazaaminopterin and gemcitabine in the treatment of lymphoma.

As used in the specification and claims of this application, the term “lymphomas”
refers to Non-Hodgkins Lymphoma (NHL); diffuse large B-cell lymphoma (DLBCL);
follicular lymphoma (FL); Hodgkin’s Disease; Burkitt’s Lymphoma; cutaneous T cell

lymphoma; primary central nervous system lymphoma, and lymphomatous metastases.
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In one embodiment of the invention, the composition comprises "highly purified"
PDX. As used in the specification and claims hereof, compositions which are "highly
purified"” contain PDX substantially free of other folic acid derivatives, particularly 10-
deazaaminopterin, which can interfere with the antitumor activity of the PDX. A
composition within the scope of the invention may include carriers or excipients for
formulating the PDX into a suitable dosage unit form for therapeutic use, as well as
additional, non-folate therapeutic agents.

PDX can be synthesized using the method disclosed in the DeGraw paper, supra or in
Example 7 of US Patent No. 5,354,751, which is incorporated herein by reference. HPLC
evaluation of the product prepared by this method shows the presence of a substantial amount
(~4.6%) of an impurity A (Fig. 2) which has a retention time consistent with 10-deazaamino-
pterin. Thus, if this synthetic approach is employed further purification is necessary beyond
that disclosed in the DeGraw et al. paper. Such purification can be carried out by additional
HPLC or crystallization to remove the 10-deazaaminopterin and other folic acid derivatives
which may be present.

Fig. 3 shows an HPLC of a highly purified preparation consisting essentially of 10-
propargyl-10dAM in accordance with the invention prepared using the method described in
Example 1. In this case, the amount of PDX (as determined by HPLC peak area) approaches
98%, and the peak corresponding to 10-deazaaminopterin is not detected by the processing
software although there is a minor baseline ripple in this area.

As set forth in greater detail in the examples herein, combination therapy using PDX
and gemcitabine has been tested in vitro and in in vivo model systems for efficacy against
lymphoma. Table 1 sets forth data obtained in a cytotoxicity assay (Example 2) using SK1-
DLCL-1 lymphoma cells. SKI-DLCL-1 is a diffuse large b cell lymphoma (DLBCL) cell
line that is particularly resistant to PDX . This line is known to have the lowest level of
RFC-1 expression on its surface as demonstrated by RT-PCR (rendering it more resistant than
lines with greater RFC-1 expression), demonstrates an ECy, roughly 2 to 3 fold greater than
other B-cell lymphoma cell lines, and is associated with the fewest number of complete
remissions in the in vivo SCID models (30% vs 90%).

In Table 1, the additive effect is in each case the % of control for the single agents

multiplied together. The expected additive effect for PDX+Gem is better than for MTX and
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ara-C, because the agents are individually better. What is observed for both MTX/AraC
combinations and PDX/Gem combinations is that the actual result is better than the predicted
additive result. The extent of this synergism is quantified in Table 1 as (actual-
additive)/additive so that the amount of reduction that occurs through the use of the
combination is expressed as a percentage of the expected additive benefit. What this shows
is that the enhancement or synergism that is observed using PDX/Gem combinations is

substantially greater than what would be predicted based on the MTX-AraC results.

Table 1
Drug Raw %control additive synergy (% off
1C50 additive)
control 25 100
MTX 23 0.92
Ara-C 19 0.76
MTX+AraC 11 0.44 0.699 0.37
MTX->AraC| 8 0.32 0.699 0.54
AraC->MTX| 11.5 0.46 0.699 0.34
PDX 21 0.84
Gem 18 0.72
PDX+Gem 6 0.24 0.605 0.60
PDX->Gem 3.5 0.14 0.605 0.77
Gem->PDX 6 0.24 0.605 0.60

While not intending to be bound by any particular mechanism, it is believed that this
difference may arise because the mechanism by which PDX and Gem function is different
from the mechanism for MTX and Ara-C notwithstanding the similar labels (i.e. antifolate or
cytidine analog) applied to the compounds.

Table 2 shows results for a test on induction of apoptosis in SKI-DLCL-1 cells
following exposure to MTX. Ara-C, PDX and Gem in combined and scheduled exposures. In
each case, the total exposure time was 72 hours. In sequential treatments, the first drug was

administered 24 hours prior to the second drug.



WO 2005/117892 PCT/US2005/019170

-6-
Table 2

Treatment % change in apoptosis
control - no treatment 0
MTX -12.24
Ara-C -3.08
MTX + AraC -3.17
MTX -> Ara-C 0.32
PDX 28.21
GEM 33.76
PDX+GEM 10.65
PDX->GEM 52.58

As shown, the extent to which the treatment regimens induce apoptosis is markedly different.
The results for Gem followed by PDX were the same as for PDX + GEM.

Table 3 shows results for caspase 3 activation in SKI-DLCL-1 cells following
exposure to MTX. Ara-C, PDX and Gem in combined and scheduled exposures.

Table 3
Treatment Fluorescence at 485ex/527em Difference from control
control - no treatment 134.3
MTX (1 nM) 131 -3.3
Ara-C (1 nM) 141.1 6.8
MTX + AraC 157.2 22.9
MTX -> Ara-C 158.8 24.5
PDX 265.5 131.2
GEM 195.4 61.1
PDX+GEM 248.2 113.9
PDX->GEM 307.9 173.6
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As shown, the extent to which the treatment regimens induce caspase 3 is markedly different
with PDX/GEM treatments leading to greater caspase 3 induction. The results for Gem
followed by PDX were the same as for PDX + GEM.

Studies of the cell cycle following the various treatments as described above yielded
essentially the same percentage of cells in G1 arrest. However, the fraction of cells in
S-phase was variable, with the fewest in those samples treated with Gem. Remarkably, while
the number of cells in G2 is relative similar among all the groups (9 to 15%), there are no
cells in G2 in the group treated with PDX followed by Gem (0%). For example, the
percentage of cells in G2 in the control were about 12%, which was not significantly different
from that noted in cells treated with MTX, PDX, Gem or Ara-C alone (9 to 15%). The cells
treated with the scheduled administration of PDX followed by Gem were the only ones to
demonstrate a complete absence of cells in G2, with a proportionately greater number of cells
exhibiting S phase arrest compared to any other treatment consideration. This accumulation
of cells in S phase in the PDX ->Gem treated cells may enhance the sensitivity of the cell to
the cytotoxic effect of the cytidine analog. These data also indicate that this particular
combination (PDX -> Gem) is more effective at inducing a G1/S arrest compared to other
treatment exposure groups, which may explain the greater degree of apoptosis noted in the
earlier experiments.

PDX followed by Gem is also markedly superior to all other treatment groups in vivo.
The superiority of PDX over MTX in in vivo lymphoma models across many different cell
lines including HT, RL, SKI-DLCL-1 and a Burkitt's cell line (Raji) has been demonstrated.
(See Example 2). Given the experience that SKI-DLCL-1 is the most PDX resistant line in
the panel, it was selected for these in vivo synergy experiments. In all xenograft experiments,
animals in the control group demonstrated rapid POD and had to be sacrificed early
secondary to tumor growth. All animals were treated with the maximum tolerated dose
(MTD) of each drug, save the combination studies. A preliminary xenograft experiment
using irradiated NOD-SCID mice with subcutaneous tumors of SKI showed that mice treated
with PDX or Gem at 60mg/kg initially responded to treatment but by day 44 regrew tumors to
739% and 318% of their initial tumor volumes, respectively. Those animals treated with
MTX at 40 mg/kg (MTD) or Ara-C at 300 mg/kg (MTD) or in combination at one-half the
MTD of these drugs displayed modest growth delay compared to the control, with all animals
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in these groups having to be sacrificed due to excessive tumor volume by week three.
Animals treated in the combination experiments with one-half the MTD of PDX and Gem
(30 mg/kg each) experienced significant reduction (63.1%) of their initial tumor volume, with
3 animals achieving a complete remission, one a partial remission, and one developed disease
progression.

In order to explore how low a dose of PDX and Gem could be used before losing the
potential synergy, a second xenograft experiment was conducted using one-quarter of the
MTD of PDX and Gem (15 mg/kg). A similar dose reduction for MTX and Ara-C was not
performed given the lack of activity seen at the higher doses. Interestingly, the patterns
appreciated in the earlier experiment were recapitulated in the second experiment. Again,
control groups had to be sacrificed early due to excessive tumor growth, as did animals
receiving MTX (60mg/kg) alone, Ara-C (300mg/kg) alone, or both drugs in combination.
These data demonstrated that even using one-quarter of the MTD of PDX and Gem given in a
ordered fashion was markedly more efficacious that any MTX or Ara-C treated cohort.
Though fewer complete remissions were noted, still, a complete remission was only observed
in those animals receiving PDX followed by Gem (Figure 5). These in vivo experiments
clearly establish the marked superiority of PDX and Gem when given in a sequential fashion,
even in a cell line noted to be historically among the most resistant in the collection to PDX
and MTX.

Tumors resected from all mice receiving MTX, Ara-C, PDX or Gem in a schedule
dependent manner revealed minimal activation of caspase 3 in the tissue of mice treated with
saline (i.e. control), any single agent, and the doublet of MTX and Ara-C. Interestingly, the
most significant staining for activated caspase 3 occurred in those samples of tumor in mice
treated with PDX followed by Gem. These data are concordant with the observations from
the in vitro experiments and apoptosis assays (Tables 1 and 2) which also demonstrated the
most significant activation of caspase 3 in cells treated with PDX followed by Gem.

For use in the present invention, PDX is advantageously formulated as part of a
pharmaceutical preparation. The specific dosage form will depend on the method of
administration, but may include tablets, capsules, oral liquids, and injectable solutions for
intravenous, intramuscular or intraperitoneal administration. As described below (Example

8), a Phase I and Pharmakokinetic study has been conducted. Based on this study, a preferred
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dosing schedule involves the administration of 150 mg/m? every two weeks. Lower levels
may of course be indicated depending on the tolerance of an individual patient, or if more
frequent administration were adopted. For example, levels on the order of 40 to 120 mg/m?* of
body surface area/day are appropriate. Dosages of 30 mg/m* weekly for 3 weeks followed by
a one week rest, 30 mg/m* weekly x 6 weeks followed by a one week rest, or gradually
increasing doses of PDX on the weekly x 6 week schedule are also suitable. Similarly, higher
levels could be utilized if less frequent administration were used. Thus, in a general sense,
dosages of 30 to 275 mg/m? are suitably used with various dosing schedules, for example 135
to 275 mg/m? for biweekly dosages, and 30 to 150 mg/m?for weekly dosages. The
determination of suitable dosages using protocols similar to those described in US Patent No.
6,323,205, which is incorporated herein by reference, is within the skill in the art.

PDX is used in the present invention in therapeutic combination with gemcitabine. In
addition, PDX and gemcitabine may be used in combinations with other cytotoxic and
antitumor compounds, including vinca alkaloids such as vinblastine, navelbine and vindesine;
probenicid, nucleotide analogs such as 5-fluorouracil, and cytarabine; alkylating agents such
as cyclophosphamide or ifosfamide; cisplatin or carboplatin; leucovorin; taxanes such a
paclitaxel or docetaxel; anti-CD20 monoclonal antibodies, with or without radioisotopes, and
antibiotics such as doxorubicin and mitomycin. Combinations of PDX with several of these
other antitumor agents or with growth factor inhibitors and anti-angiogenic agents may also
be used.

PDX and gemcitabine may be concurrently administered or utilized in combination as
part of a common treatment regimen, in which the PDX and the gemcitabine are administered
at different times. For example, the gemcitabine may be administered before, immediately
afterward or after a period of time (for example 24 hours) relative to the PDX administration.
Thus, for purposes of this application, the term administering refers generally to concurrent
administration or to sequential administration of the drugs and in either order in a parallel
treatment regimen with or without a separation in time between the drugs unless otherwise
specified. PDX and Gem are suitably administered using known and standard protocols for
the drugs individually, although lower dosages than used in individual treatments may be

suitable given the synergistic activity of the two therapeutic agents.
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The present invention also provides a method for assessing sensitivity of a lymphoma
to treatment with 10-propargyl-10-deazaaminopterin comprising the steps of

()  obtaining a sample of the lymphoma;

(b) determining the amount of reduced folate carrier-1 enzyme (RFC-1) expressed
by the sample, wherein a higher level of expressed RFC-1 is indicative of greater sensitivity
to 10-propargyl-10-deazaaminopterin; and

() generating a report of the sensitivity of the sample to 10-propargyl-10-

deazaaminopterin. This method is described in Example 6 of this application.

EXAMPLE 1

Fig. 4 shows a synthetic scheme useful in preparing 10-propargyl-10-dAM in
accordance with the invention. A mixture of 60% NaH in oil dispersion (1.06 g, 26.5 mmol)
in 18 mL of sieve-dried THF was cooled to 0°C. The cold mixture was treated with a
solution of homoterephthalic acid dimethyl ester (5.0 g, 24 mmol. compound 1 in Fig. 4) in
dry THF (7 mL), and the mixture was stirred for 1 hour at 0 °C. Propargyl bromide (26.4
mmol) was added, and the mixture was stirred at 0°C for an additional 1 hour, and then at
room temperature for 16 hours. The resulting mixture was treated with 2.4 mL of 50% acetic
acid and then poured into 240 mL of water. The mixture was extracted with ether (2 X 150
mL). The ether extracts were combined, dried over Na,SO,, and concentrated to an orange-
yellow oil. Chromatography on silica gel (600 mL of 230-400 mesh) with elution by
cyclohexane-EtOAc (8:1) gave the product a-propargylhomoterephthalic acid dimethyl ester
(compound 2) as a white solid (4.66) which appeared by TLC (cyclohexane-EtOAc, 3:1) to be
homogeneous. Mass spectral data on this product, however, showed it to be a mixture of the
desired product 2, and the dipropargylated compound. No starting material 1 was detected.
HPLC shows the ratio of mono- to di-propargylated products to be about 3:1. Since the
dipropargylated product, unlike compound 1, cannot produce an unwanted coproduct in the
next step of the reaction, this material was suitable for conversion to compound 3. Absence
of starting compound 1 in the product used to proceed in the synthesis is very important in
order to avoid the sequential formation of 10-dAM during the transformations lading to the
final product, because complete removal from 10-dAM from 10-propargyl-1-dAM is very
difficult.
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A mixture was formed by combining 0.36 g of a 60% NaH (9 mmol) in oil dispersion
with 10 mL of dry DMF and cooled to 0-5°C. The cold mixture was treated drop-wise with a
solution of the product of the first reaction (compound 2) (2.94 g, 12 mmol) in 10 mL dry
DMF and then stirred at 0°C for 30 minutes. After cooling to -25 °C, a solution of
2,4,diamino-6-(bromomethyl)-pteridine hydrobromide-0.2 2-propanol (1.00 g, 2.9 mmol) in
10 mL dry DMF was added drop-wise while the temperature was maintained near -25 °C.
The temperature of the stirred mixture was allowed to rise to -10°C over a period of 2 hours.
After an additional 2 hours at -10°C, the temperature was allowed to rise to 20 °C; stirring at
room temperature was continued for 2 hours longer. The reaction was then adjusted to pH 7
by addition of solid CO,, After concentration in vacuo to remove solvent, the residue was
stirred with diethyl ether and the ether insoluble material was collected, washed with water,
and dried in vacuo to give 1.49 g of a crude product. This crude product was dissolved in
CHCI,-MeOH (10:1) for application to a silica gel column. Elution by the same solvent
system afforded 10-propargyl-10-carbomethoxy-4-deoxy-4-amino-10-deazapteroic acid
methyl ester (compound 3) which was homogenous to TLC in 40% yield (485 mg).

A stirred suspension of compound 3 (400 mg, 0.95 mmol) in 2-methoxyethanol (SmL)
was treated with water (SmL) and then 10% sodium hydroxide solution (3.9 mL). The
mixture was stirred as room temperature for 4 hours, during which time solution occurred.
The solution was adjusted to pH 8 with acetic acid and concentrated under high vacuum. The
resulting residue was dissolved in 15 mL of water and acidified to pH 5.5-5.8 resulting in
formation of a precipitate. The precipitate was collected, washed with water and dried in
vacuo to recover 340 mg of compound 4 (91% yield). HPLC analysis indicated a product
purity of 90%.

Compound 4 (330 mg) was decarboxylated by heating in 15 mL DMSO at 115-120°C
for 10 minutes. A test by HPLC after 10 minutes confirmed that the conversion was
essentially complete. DMSO was removed by distillation in vacuo (bath at 40°C). The
residue was stirred with 0.5 N NaOH to give a clear solution, Acidification to pH 5.0 with 1N
HCI gave 10-propargyl-4-deoxy-4-amino-10-deazapteroic acid (compound 5) as a yellow
solid in 70 % yield. HPLC indicated product purity at this stage as 90%.

Compound 5 (225 mg, 0.65 mmol) was coupled with dimethyl L-glutamate
hydrochloride (137 mg, 0.65 mmol) using BOP reagent (benzotriazole-1-
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yloxytris(dimethylamino) phosphonium hexafluorophosphate (287 mg, 0.65 mmol, Aldrich
Chemical Co.) in DMF (10 mL) containing triethylamine (148 mg, 1.46 mmol). The mixture
was stirred for 3 hours at 20-25 °C and then evaporated to dryness. The residue was stirred
with water, and the water-insoluble crude product was collected and dried in vacuo. The
crude product (350 mg) was purified by silica gel chromatography with elution by CHC,-
MeOH (10:1) containing triethylamine (0.25% by volume) to recover 165 mg of 10-
propargyl-10-deazaaminopterin dimethyl ester (compound 6, 50% yield) which was
homogeneous to TLC (CHCI,-MeOH 5:1).

Compound 6 (165 mg, 0.326 mmol) was suspended in 10 mL stirred MeOH to which
0.72 mL (0.72 meq) 1IN NaOH was added. Stirring at room temperature was continued until
solution occurred after a few hours. The solution was kept at 20-25°C for 8 hours, then
diluted with 10 mL water. Evaporation under reduced pressure removed the methanol, and
the concentrated aqueous solution was left at 20-25°C for another 24 hours. HPLC then
showed the ester hydrolysis to be complete. The clear aqueous solution was acidified with
acetic acid to pH 4.0 to precipitate 10-propargyl-10-deazaaminopterin as a pale yellow solid,
The collected, water washed and dried in vacuo product weighed 122 mg (79% yield). Assay
by elemental analysis, proton NMR and mass spectroscopy were entirely consistent with the
assigned structure. HPLC analysis indicated purity of 98% and established the product to be

free of 10-deazaaminopterin.

EXAMPLE 2

A PDX preparation prepared in accordance with Example 1 and an MTX preparation
were tested for cytotoxicity against a panel of five human lymphoma cell lines. Experimenfs
were performed as described previously. (Sirotnak et al.., Cancer Chemother. Pharmacol. 12:
18-25 (1984). In brief, 2.5 to 5 X 10 cells were plated per well in 96-well flat bottom plates.
Drug was added in a 0.9% NaCl solution (pH 7.0) over a range of concentrations, and cells
were continuously exposed to drug for 5 days. Colorimetric dye (XTT or Alamar blue) was
added for an addition period of time (XTT dye, 6 hours, Alamar blue, 24 hours). Each plate
was then read on an automated plate reader at 590 nm. The percenfage of inhibition was
calculated as growth of cells exposed to drug divided by growth of controls (cells incubated

with media only). IC,, values were determined as the drug concentrations at which cell
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growth was inhibited 50% as compared to controls. Experiments were repeated as lest three
times. Experiments were also conducted with continuous drug exposures lasting for 3 and 4
days with results similar to the 5 day results.

The results of the study with 5 day drug exposures is summarized in Table 3. As
shown, in every instance, the IC,, of PDX was substantially lower than the IC, for MTX,
indicating greater efficacy and/or the ability to use lower and therefore less toxic amounts to

achieve the same efficacy.

Table 3: Relative growth inhibition in vitro

Cell Line Lymphoma Type IC5, PDX (nM) | IC,, MTX (nM)
Hs445 Hodgkin’s disease 1.6 £0.8 32422

HT Diffuse large B cell 20x04 35+£5.0

Raji Burkitt’s 20+03 16 £0.8

RL Transformed follicular 23.0x20 210 £40
SKI-DLCL-1 | Diffuse large B Cell 51+0.1 48 +2.5

To evaluate cytotoxicity of combination of PDX and GEM, a Trypan Blue Exclusion
Assay was performed by aliquoting 5 x 10° SKI-DLBCL cells into each well of a 24 well
plate with a final volume of 1 milliliter. Each drug was added in duplicate to the plate wells
as follows: alone (MTX 10 nM, PDX 1 nM, Ara-C 40 nM, or Gem 10 nM), PDX + Gem or
MTX + Ara-C for 48 h (hours). For the scheduled administration of drug, PDX or MTX
alone were dispensed in additional duplicate wells. After 24 hours Gem and Ara-C were
added to these wells, respectively, and incubated for 48 hours. At the end of incubation, 20 1
of each cell culture was added to 20 1 of trypan blue, after which 10 ml was added to a
hemocytometer (Hausser Scientific, Horsham, PA), where viable cells were counted based
upon the presence (dead cells) or exclusion (live cells) of dye. The results are reported above

in Table 1.

EXAMPLE 3
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In order to study the effects of PDX on lymphoma growth in vivo,
subcutaneous transplantation models in NOD/SCID mice were generated using three
established human lymphoma cell line representative of aggressive transformed FL (RL) and
de novo extranodal DLBCL (HT; SKI-DLCL-1) histologies. Six to eight week old non-
obsese diabetic severe combined immunodeficient (NOD/SCID) mice (Jackson Laboratories,
Bar Harbor, ME) were sub-lethally irradiated with three cGy from a gamma source and
inoculated with 10 X 10°lymphoma cells via a subcutaneous route. When tumor volumes
approached 100 mm?®, mice were divided into three groups, averaging 3-8 mice per group.
Mice were treated with normal saline or the maximum tolerated dose (MTD) of MTX (40
mg/kg) or PDX (60 mg/kg) via an intraperitoneal route twice weekly for two weeks (four
total doses). The MTD of each drug has been previously shown to result in less than 10%
weight loss and no toxic deaths in nude mice. (Sirotnak, et al., Cancer Chemother.
Pharmacol. 12: 26-30 (1984); Sirotnak et al., Cancer Chemother. Pharmacol. 42: 313-318
(1998).

Engraftment rates in this experiment ranged from 80 to 90%. Palpable tumors formed
under the skin approximately 7-10 days after inoculation and were readily measurable with
calipers. Mice with subcutaneous lymphoma growths survived an average of 40-50 days after
inoculation.

Treatment results in lymphoma xenografted mice are summarized in Tables 4-6. As
shown in Table 4 and 5, in the RL (transformed FL) and SKI-DLCL-1 xenografts, PDX
treatment resulted in much greater inhibition of lymphoma growth than MTX. These tumors
were only minimally sensitive to MTX treatment with small reductions in growth an no
regressions. PDX treatment, however, decreased tumor volumes by at least 50% from initial
volumes and induced tumor regressions in 57% (5 of 9 mice) and 30% (3 of 10 mice) of RL

and SKI-DLCL-1, respectively.
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Table 4: Treatment of human RL (transformed follicular) non-Hodgkin’s lymphoma

xenografts
Agent Dose Weight Avg Tumor | Avgchange | Tumor Complete
(mg/kg) Change (%) | Diameter in Tumor Regression Regression
(mm=SE) Volume (%) (no/total)
(mm’+SE

Control - +15.9 12.5+1.3 +1228+238 | - 0/7

MTX 40 -14.8 10.920.5 +619+108 - 0/12

PDX 60 -11.1 2.7x1.1 -46x34 56 5/9

Table 5: Treatment of human SKI-DLCL-1 (de novo diffuse large B cell) non-Hodgkin’s lymphoma

xenografts
Agent Dose Weight Avg Tumor | Avgchange | Tumor Complete
(mg/kg) Change (%) | Diameter in Tumor Regression Regression
(mm=*SE) Volume (%) (no/total)
(mm*+SE

Control - +4.9 12+0.3 +78664 - 0/8

MTX 40 -1.9 9.5+0.4 +299+58 - 0/10

PDX 60 -1.2 3.5+0.7 -81x16 54 3/10

As shown in Table 6, even more significant results were achieved using PDX in the

treatment of HT xenografts. Although MTX treatment resulted in modest growth delay as

compared to controls, there was no tumor regression in these animals. In contrast, PDX

administration resulted in complete tumor regression in 89% (8 of 9) of the mice with an

average tumor regression of 99%. At the nadir of tumor regression, HL xenograft mice

treated with PDX had an average tumor diameter of 0.5 mm, as opposed to 11.2 mm for the

control and 8.7 mm for MDX treated mice.
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Table 6: Treatment of human HT (diffuse large B cell) non-Hodgkin’s lymphoma xenografts

Agent Dose Weight Avg Tumor | Avgchange | Tumor Complete
(mg/kg) Change (%) | Diameter in Tumor Regression Regression
(mm=SE) Volume (%) (no/total)
(mm*+SE
Control - +13.2 11.2+1.3 +641+252 - 0/8
MTX 40 -9.8 8.7+2.0 +300+£225 - 0/7
PDX 60 -8.9 0.5+£0.3 -95+0.8 99 8/9

The same type of test was repeated to assess the in vivo efficacy of using combination
therapies. Five to seven week old SCID beige mice (CBSCBG-MM double) were obtained
from Taconic Laboratories, Germantown, NY. Mice were injected with 1 x 107
SKI-DLBCL cells in the posterior flank via subcutaneous route. When tumors approached
300 mm?, mice were divided into 9 groups of 5 animals and were treated twice weekly with 4
intraperitoneal doses at the MTD of MTX (40 mg/kg), Ara-C (300 mg/kg), PDX (60 mg/kg)
and Gem (60 mg/kg), or a combination of the drugs, each given at one half or one-quarter the
MTD (20 and 150 mg/kg of MTX and Ara-C, or 15 mg/kg of each of PDX and Gem).
Schedule dependent treatment was also determined by pretreating animals with PDX or MTX
followed 24 hours later with Gem or Ara-C, respectively. One cohort of animals was treated
with Gem followed by PDX. In all cases, the control animals received intraperitoneal
injections of normal saline.

Tumor bearing mice were assessed for weight loss and tumor volume at least twice
weekly for the duration of the experiment. The data are expressed as the average tumor
volume (mm3) per group as a function of time. Tumors were assessed by measuring the two
largest perpendicular axes (I = length, w = width) with standard calipers. Tumor volume was
calculated using the formula 4/3 7r® where r = (I+w) /4. Tumor bearing mice were assessed
for weight loss and tumor volume at least twice weekly for the duration of the experiment.
Animals were sacrificed when one dimensional tumor diameter exceeded 2.0 cm, or after loss
of more than 10% of their body weight in accordance with institutional guidelines. Animals
were housed in standard shoe box cages in temperature and humidity constant rooms on a 12
hour light and dark cycle. Food and water were supplied ad libitum. Animals were

maintained in core animal facilities under an institute approved animal protocol. All
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experiments were performed in accordance with the "Principles of Laboratory Animal Care"
(NIH publication No. 85-23 revised 1085).

The results of these experiments are summarized in Fig. 5. In vivo, the combination
of PDX and Gem was shown to be superior to any singlet or the MTX/Ara-C combinations.
Complete remissions were only observed in animals receiving PDX followed by Gem,
however, the model used was the most resistant of the known lymphoma cell lines so better

results could be achieved with other cell lines.

EXAMPLE 4

Immunohistochemical staining for apoptosis as measured by terminal deoxynucleotide
transferase-mediated nick end-labeling (TUNEL) was performed on SKI-DLBCL-1
xenografts from mice sacrificed at day 21 following initiation of antifolate therapy. Mice
received four doses of saline, MTX (40 mg/kg) or PDX (60 mg/kg) on days 0, 3, 7 and 10.
Representative tumors from control and MTX treated mice demonstrated little or no evidence
of apoptotic cells. In contrast, systemic treatment with PDX induced a high level of
apoptotic cells in the tumor tissue 11 days after the last drug dose. These results confirm the
increased cytotoxicity of PDX versus MDX.

To assess apoptosis occurring as a result of combination therapies, apoptosis was
assessed using two well standardized techniques. In the first (YO-PRO), cell membrane
permeability was determined by measuring fluorescence of treated and control cells. 2 x 107
SKI-DLBCL cells were treated with either MTX, Ara-C, Gem or PDX alone or combinations
of drug given together or scheduled. All drugs were assayed at equimolar concentrations (i.e.
1 nM). The incubation conditions were modeled after the in vitro cytotoxicity experiments.
Single agent drugs or combinations of all drugs studied without schedule considerations were
incubated for 72 hours, while drugs that were studied in some schedule were introduced in a
24 + 48 incubation scheme (i.e. drug B added 24 hours following drug A, then incubated for
an additional 48 hours for a total incubation time of 72 hours). Cells were then collected,
washed twice and re-suspended at a concentration of 1 x 106/mL in DPBS. Membrane
permeability was detected via the differential cellular permeability of the fluorescent dyes
YO-PRO®-1 and propidium iodide by flow cytometry, as per the manufacturer's guidelines
(Vybrant apoptosis kit #4, Molecular Probes, Eugene, OR). In addition to monitoring
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apoptosis, cell cycle kinetic analyses were also performed on all treated cells based the
propidium iodide binding. Apoptotic cells were noted to be permeable to the green
fluorescent dye YO-PRO®-1 (em 530, FL-1), and impermeable to the red fluorescent dye
propidium iodide (em 575, FL-3). Typically, apoptotic cells allow the entrance of both dyes,
whereas living cells are impermeable to both dyes.

The results of these experiments are summarized in Table 2 above, and show
increased apoptosis in celis treated with PDX and Gem than in cells treated with MTX and

Ara-C.

EXAMPLE 5

To further evaluate the activity of PDX and Gem combinations, Caspase activity was
tested by EnzChek® Caspase-3 Assay Kit #2 (Molecular Probes) based upon the fluorometric
detection of caspase-dependent Z-DEVD-R110 cleavage (thodamine 110
bis-[N-CBZ-L-aspartyl -L-glutamyl-I-valyl-L-aspartic acid amide], a non-fluorescent
bisamide), which, via a two step process, first yields the monoamide product (weakly
fluorescent) and then the fluorescent product R110 (thodamine 110, strongly fluorescent).
Detection was performed on a Fluoroskan Ascent FL fluorescent plate reader (Thermo Lab
Systems, Helsinki, Finland) according to the manufacturer's guidelines.

The results are summarized in Table 3 above. As shown, there is substantially greater
induction of caspase 3 in cells treated with PDX and/or Gem than in those treated with MTX
and/or Ara-C.

EXAMPLE 6
Three proteins are implicated in the metabolism of anti-folates in tumor cells. In most
tumor cells, the protein encoded by RFC-1 mediates interanlization of folate analogs. Once
inside the cell, these analogs either bind dihydrofolate reductase (DHFR), thereby depleting
intracellular reduced folate pols needed for purine and thymidine biosynthesis, or will be
metabolized to a polyglutamate prior to binding to DHFR. Polyglutamylation is catalyzed by
FPGS. FPGH mediates cleavage and clearance of these intracellular polyglutamated anti-

folates.
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Using quantitative RT-PCR techniques, expression levels were determined in RL, HT
and SKI-DCBCL-1 cells lines for RFC-1, FPGS and FPGH using primers described in Rots et
al. Leukemia 14:2166-2175 (2000). The results of these determinations are summarized in
Table 5. As shown, the HT cell line, which was most sensitive to PDX, also had the greatest
levels of RFC-1 expression both on an absolute level and relative to FPGS while the levels of
RFC-1 for SKI-DCBCL-1 and RL, which had similar sensitivity to PDX, are similar to one
another. Without intending to be bound by a specific mechanism, it is believed that this
correlation between RFC-1 expression levels and PDX sensitivity is a reflection of increased
transport of PDX into tumor cells. Accordingly, in a further aspect of the invention,
sensitivity to PDX and thus the appropriateness of treatment with PDX can be evaluated for a
given patient by assessing the amount of RFC-1 expressed in lymphoma cells from the
patient.

In accordance with this method of the invention, a lymphoma is assayed for sensitivity
to treatment with 10-propargyl-10-deazaaminopterin by the steps of:

(a) obtaining a sample of the lymphoma;

(b) determining the amount of reduced folate carrier-1 enzyme (RFC-1) expressed
by the sample, wherein a higher level of expressed RFC-1 is indicative of greater sensitivity
to 10-propargyl-10-deazaaminopterin; and

(c) generating a report of the sensitivity of the sample to 10-propargyl-10-
deazaaminopterin. By way of non-limiting example, the report may be an oral report, a

printed report or an electronically transmitted report.
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CLAIMS

1. A method for treatment of lymphoma comprising administering to a human patient
diagnosed as having a lymphoma a composition comprising a therapeutically effective
amount of 10-propargyl-10-deazaaminopterin and a therapeutically effective amount of

gemcitabine.

2. The method of claim 1, wherein the 10-propargyl-10-deazaaminopterin is

substantially free of 10-deazaaminopterin.

3. The method of claim 1 or 2, wherein the 10-propargyl-10-deazaaminopterin is

administered in an amount of from 30 to 275 mg/m? per dose.

4. The method of claim 3, wherein the 10-propargyl-10-deazaaminopterin is

administered weekly.

5. The method of claim 4, wherein the 10-propargyl-10-deazaaminopterin is

administered in a dose of 30 mg/m?.

6. The method of claim 3, wherein the 10-propargyl-10-deazaaminopterin is

administered in an amount of from 30 to 150 mg/m? per dose.

7. The method of any of claims 1-3, wherein the 10-propargyl-10-deazaaminopterin is
administered biweekly.
8. The method of claim 7, wherein the 10-propargyl-10-deazaaminopterin is

administered in a dosage amount of 135 to 275 mg/m?

9. The method of any of claims 1 to 8, wherein gemcitabine is administered after the 10-

propargyl-10-deazaaminopterin.
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10.  The method of any of claims 1 to 9, wherein the lymphoma is non-Hodgkin's

lymphoma.

11. A method for assessing sensitivity of a lymphoma to treatment with 10-propargyl-10-
deazaaminopterin comprising the steps of

(a) obtaining a sample of the lymphoma;

(b) determining the amount of reduced folate carrier-1 enzyme (RFC-1) expressed
by the sample, wherein a higher level of expressed RFC-1 is indicative of greater sensitivity
to 10-propargyl-10-deazaaminopterin; and

(c) generating a report of the sensitivity of the sample to 10-propargyl-10-

deazaaminopterin.
12.  Use of 10-propargyl-10-deazaaminopterin and gemcitabine in formulating a
pharmaceutical combination for concurrent or sequential administration for the treatment of

lymphoma.

13. Use of claim 12, wherein the 10-propargyl-10-deazaaminopterin is substantially free

of 10-deazaaminopterin.

14. Use of claims 12 or 13, wherein the 10-propargyl-10-deazaaminopterin is formulated

to provide dosages of 30 to 150 mg/m?

15. Use of any of claims 12 to 14, wherein the gemcitabine is formulated for separate

administration.

16.  Use of any of claims 12 to 15, wherein the lymphoma is non-Hodgkin's lymphoma.
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