De|Mar Dianhydrogalactitol inhibits the growth of glioma stem and non-stem cultures, including
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ABSTRACT #2562 VAL-083 functions as a radiosensitizer with potential superiority to temozolomide VAL-083 causes cell cycle arrest in TMZ-resistant cultures, including CSCs
The standard of care for glioblastoma multiforme (GBM) patients is surgical resection followed by temozolomide (TMZ) and radiation (XRT). However,
:;]Mz'retf]ls;[ ance haz de mterged asdabsgrnl\l;;;ag unhmgt meldlcﬂ r:ezc\e/ckLaSS%l;lA repta|r etnzylrln © 076-met|rl1(yllg¥an|ne DTA me_thyItDr?\lr:ferasel_ ('l\(/IG'\,:IL)7rem9,:./es MGMT expressing GBM tumor cells and MGMT expressing GBM tumor stem cells were treated with either TMZ at high doses (50uM) or VAL-083 at a A panel of primary cancer stem cells (CSC) and their paired primary non-stem (non-CSC) cultures were characterized for MGMT expression.
e methyl-group adducts caused by . Dianhydrogalactito - is a structurally unique alkylating agent causing crosslinks a position e ) _ ) L ) e o _ L
of guanine. Because VAL-083's N7 adducts are not subject to MGMT mediated repair, it may be an effective chemotherapeutic in the treatment of TMZ- cI|n|_caIIy relevant dose gf (5uM) either with or without 2§y of radiation apd compared to ulntljeated control (nul). Temozolorryde eXh.IbIted no activity Treatment v_wth VAL-083 led to a greater degree of cell cycle arrest as indicated by . _ _
resistant GBM. VAL-083 crosses the blood brain barrier and accumulates in brain tumor tissue. We have recently shown that TMZ activity is similar in against .MGMT expressing GBM tumor cells in comparison to control with or without radiation. However, VAL-083 was active against both MGMT fewer cells in the G1 phase Fig 6. MGMT we_stern blot analysis of protein
cancer stem cells (CSC) and their paired non-CSC from primary GBM tissues, and that the activity is MGMT-dependent'. We thus sought to investigate| ~ €Xpressing GBM tumor cells and MGMT expressing GBM tumor stem cells. > Over 40% of the CSCs treated with DMSO control of TMZ are in G1 phase at extracts from 4 pairs of CSC and non-CSC cultures
how our CSC and r_10n-CSC pa_nel would .respond to VAL-083 glone or in cpmbmatpn with XRT. We further investigated the activity of VAI_.-.083 in in vivo ,\g(;mcexpress,;,g MGZV,Texp:ess,-,,gl /GBM doses of 5um, representing a normal cell cycle distribution for viable tumor cells derived from primary GBM tissue
mos:iels of d.rqg-re3|stant GBM in comparison to TMZ. Rang mice pgarlng intracranial human GBM xenograft. tumgrs of glther MGMT-positive and TMZ- umor cells umor stem cells at doses similar to those achieved clinically in the treatment of glioblastoma. - o o O
resistant origin (BT74), or MGMT-negative and TMZ-sensitive origin (U251) were treated. VAL-083 was given i.p. 3 times/week x 3 weeks, and the Fig 3. 7996 | 7996 non- 7996 |} 7996 non- 7996 csc | 7996 csc 7996 CSC | 7996 csC Z: - % -
efficacy of VAL-083 in controlling tumor growth compared to TMZ (30 mg/kg). Disease progression was evaluated by overall survival, clinical o _ e i, | SEONRE s PESRRT e T R osIE g > In contrast, than 10% are in G1 phase after a dose of 5uM with VAL-083, 2 & 8 £ 8 & 8 &
observations and body weight measurements. Our in vitro results show that VAL-083 is a potent inhibitor of all tested primary GBM cultures, Cell viability analysis at day 6 post £ .11 1 E I i £ .]4 : 2 i indicating that progression back into G1 phase has been blocked causing cell © e O = O . © <
irrespective of MGMT status. VAL-083 causes cell cycle arrest and loss of cell viability in TMZ-resistant cells, and at lower concentrations than TMZ in treatment for the paired CSC and non- - 'l o . & E E cycle arrest and apoptosis. MGMT =
TMZ-sensitive cells. Furthermore, VAL-083 is not affected by cell culture condition (Stem vs. Non-Stem). Low dose VAL-083 combined with XRT CSC MGMT-expressing 7996 cultures. = o6 - E E Siaa - E E , : )
exhibited an additive effect in all cultures tested, suggesting that VAL-083 might act as a radiosensitizer. In the in vivo U251 model, the median survival . : : Soa ' b ' ol > Higher Floses resylted n cell-cycle. arrest for both compounds; hOwever, doses  GAPDH il Sl il e Sl S - -
time for mice treated with 4 mg/kg VAL-083 was significantly increased to 72 days compared to 48 days for controls (p<0.0001). Median survival time §o.2 : i ; . Soa - | ; exceeding CNS tissue exposure higher than 10pM of TMZ or VAL-083 are SF7996 SF8161 SF8279 SF8565
for 3 mg/kg VAL-083 was 54 days. Body weight loss was observed in mice treated with 5 mg/kg and treatment was stopped after 4 doses after which o 1 l ~ ! :u generally not achievable in a clinical setting due to toxicity.
the animals recovered and their median survival was 57 days. Animals treated with TMZ were terminated at day 102 at the end of the study. BT74: o 5’}‘% 0 o nu VAL iow Yab W Peema e e s m vk . . . . .
study is ongoing, data will be presented at the meeting.In conclusion, VAL-083 is highly efficacious against both stem and non-stem GBM cell cultures “ e - oo :L%f}gex:sweerref;::;g‘iv;ghse’T:: t:";:;ﬁf::;??cgﬁscesclzfatgit(iss’ if:‘:liz:g?eznlg ZtI(:Z g%)e oror‘;?ol;r-%sfs.egéhiozlfl;z;’ 1I|(/)I(C);III;IA'I/'I-)e;nI"je:SeI'III1 C};f)ls
in vitro, the activity is independent of MGMT and VAL-083 appears to act as a radiosensitizer in GBM. In vivo xenograft GBM models further validate VAL-083 at 5uM doses resulted in near-100% tumor cell Kill; therefore, radiation had no added benefit. Notably however, when VAL-083 was added all C](SC cultufes (A, B, D) w)e/repall resistant to TMZ};t clinicallv relevant do!eS' howe\far VAL-083 was active .a ainst alllt:ell culgtures
the benefits of VAL-083 in the treatment of GBM and support ongoing clinical research with VAL-083, which is currently in a clinical trial for GBM to CSC cultures at low micromolar doses (1, 2.5 yM) with or without 2Gy radiation, VAL-083 acted as a radio-sensitizer against CSC'’s in all cultures tested even at low (;in’ le uM) doses d ’ ’ g
patients with recurrent disease. tested. gleu )
7969, CSC 7969, non-CSC
BACKGROUND: VAL-083 (dianhydrogalactitol) is a bifunctional alkylating agent causing interstrand DNA crosslinks at the N7position of Cell Cycle Analysis Cell Viabi|ity A 1233’ : B 100:/0 7 :
guanine.”89 |n prior clinical studies sponsored by the US National Cancer Institutes, VAL-083 exhibited clinical activity against a number of B 100% - C 15 0 - 80% 1, = oL B N -
tumor-t . . . . . . . . . . . . o | 60% - . . l . | . %G2 60% - | -_ %G2
-types in a number of cancers including lung, brain, cervical, ovarian and hematologic malignancies. VAL-083 is approved in China for Fio 4 80% 40% | . I 0% | I I
the treatment of chronic myelogenous leukemia and lung cancer and has received orphan drug designation in Europe and the U.S. for the 19 % 60% - l - %G2 11 = 20%‘: | I I “ %S 200/: | I - I “ %S
treatment of gliomas. Cell cycle profile analysis at day 4 40% - . I I I I I %S 0.5 - I I 0% MWJ “%G1 g9 - : = %G1
We have previously demonstrated that VAL-083 is active against temozolomide-resistant cancer stem cells (CSCs) and retains cytotoxic post treatment and cell viability 20% 1 o - “ %G1 I " TMZ TMZ TMZ TMZ TMZ | VAL VAL VAL VAL VAL T'X'Z ™Z T'V(')Z ";"(;': 2'(‘;'5 I Vﬁ'— V':"- V'g'- VzAL ‘1"3(')-
activity independent of the repair enzyme MGMT (O8-methylguanine methyltransferase) in vitro. MGMT is correlated with temozolomide analysis at day 6 post treatment 0% 0 1- 25- 5- 0X 1/X 2.5/X 5/X 0" o 1. 25. 5. OX X 25X 5X c 0 S5 50 100 200 . O 1 5 25 100 > 3 8279l csc >
resistance and poor GBM patient outcomes." 4 for two different patient-derived ' ' 8565, CSC ’
D
Figure 1: VAL-083 inhibits the growth of patient- Fig 2. In vitro activity of VAL-083 vS. TMZ activity in GBM cell lines SF188 _(pediatric), CSC cultures treated with [) 100% - E 15" 100% - | 100% - - - :
derived CSCs that were TMZ resistant. U251 (adult), and T98G (adult) as impacted by expression of MGMT repair enzyme’ VAL-083 with or without 80% - 80% - : — 80% | = = u , =9 x
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Untreated DMSO 10uM TMZ  5uM VAL-083 - Increased survival time 1IN modeis o In vivo In a aose epen ent manner . Response to VAL-083 was not dependent on culture type Both CSC and MGMT
Historical NCl-sponsored studies achieved promising results in patients with newly diagnosed and recurrent GBM using a dosing regimen of U251: Fernale Rag2 mice bearing intracranial human GBM xenograft non-CSC cell cultures exhibit sensitivity to VAL-083. Status  on | T™ME 7, ™Mz 7,
VAL-083 given 25 mg/m2/day for five days every five_ weeks2. These data suggest comparable or enhanced survival and improved safety tuTor.s of U251 (T?\/IZ-sensitive) gr BT74 (TMZ-resistant) origin wgere Fig. 5_Kaplan-l!/leier survival plot for group 1-4 anin_1als bea!'ing - VAL-083 killed tumor cells at clinically relevant doses in all CSC and non- VAL-083: (g VAL-083: V'
compared to other alkylating agents such as TMZ or nitrosourea-based therapy. treated with TMZ or VAL-083 U251 intracranial tumors. The table shows the median survival CSC cultures tested independent of MGMT expression. @
e and corresponding p-values. _ _ _ Low | TM& V| T™Z:
Table 1. Historical clinical data of TMZ or VAL-083 in GBM support the potential for comparable or enhanced survival similar to Animals were treated with a dose of 30 mg/kg of TMZ or three different ; * A_" CSCs were resistant to TMZ and in non-CSC cultures where MGMT is VAL-083: (g VAL-083: &g
standard-of-care chemotherapy doses of VAL-083 ranging from 3 mg/kg to 5 mg/kg. Disease 100 highly expressed.
+ progression is evaluated by overall survival, clinical observations and I
Chemotherapeutic Agent MGMT Promoter Status XRT Alone . XRT Chemotherapy p-value body weight measurements. ] U251
median survival (mo.) 50 CONCLUSIONS
LOMUSTINE® n/a n/a 11.9 n/a As expected, animals bearing intracranial U251 (TMZ-sensitive) tumors E : . . . S . .
CARMUSTINE®) n/a n/a 9.2-11.5 n/a were sensitive to both TMZ and VAL-083. Median survival time for mice = *VAL-083 maintains anti-tumor activity independent of the MGMT resistance mechanism
SEMUSTINE®) n/a n/a 8.0 n/a treated with 4 mg/kg VAL-083 was significantly increased to 72 days 5 60- e . . P . -
—— Mothylated ) compared to 48 days for controls (p=0.0003). o ©07 o 0.0003 ‘Low dose VAL-083 showed an additive effect when combined with radiation in all cultures tested in
(low MGMT expression) 153 21.7 0.007 g o P | = vitro, suggesting that VAL-083 might act as a radiosensitizer
Unmethylated Median survival time for 3 mg/kg VAL-083 was 54 days. Body weight o ‘
(high MGMT expression) 1.8 12.7 0.06 loss was observed in mice treated with 5 mg/kg and treatment was 2 - ‘Because VAL-083’s radio-sensitizing effect is seen in MGMT-expressing GBM that are resistant to TMZ
VAL-083( n/a 8.8 16.8 0.02* Stoz!oed afte_“‘ldosez ?f;er Wh":“ the a?'rga{jzrg$9vered f"t‘,”d ::he':'rMZ ] —— Vehicle + radiation, VAL-083 has the potential to replace TMZ as the chemotherapy of choice in chemo-radiation
*statistically significant improvement p-value by log-rank test median survival was ays. AS expected, IS sensiiive o 201 T TMz -
vl P P y1o9 and animals treated with TMZ were terminated at day 102 at the end of —— 3 mg/kg VAL-083 treatment of neWIY dlagnosed GBM.
Histprically, toxic effects of VAI__-083 were noted on white blood ce!l (WBC) gnd plajtelet countg. For example, Eagan et al (197.9)2 obser\{ed the study. ] —— 4 mg/kg VAL-083 VAL-083 was effective against GBM in vivo in extending survival time in U251 intracranial model in a
nad_lr of 2,100/uL (Iymphopenla) an2d 88,000/_ML (thrombocytqpenla) in patients with newly diagnosed and recm;rrent GBM using a dosing BT74: Preliminary data suggest that VAL-083 treatment also increases . T '1'0' T '2'0' T '3'0' T '4'0' T '5'0' T '6'0' i '7'0' " '8'0 dose dependent manner
regimen pf VAL-O§3 given 25 mg./m /day for five days every fl\(e weeks. In a separate study, a dose of 40.mg/m /day VAL-083 for five days survival time in mice bearing intracranial BT74 tumors compared to Days
resulted in a median platelet nadir of 31,000/uL and WBC nadir of 2,300/uL3. In general, nadir occurred within three weeks and returned to untreated control. *VAL-083 is a potent inhibitor of primary GBM cultures in vitro, irrespective of MGMT status or culture
normal within 7 days. Anemia, nausea and vomiting were usually mild to moderate. No renal, hepatic, central nervous system, cardiac, or P
. o Treatment VAL-083 | VAL-083 | VAL-083* condition
pulmonary toxicity was identified. References: Group Control 3mglkg 4mglkg 5malkg
Based on promising historical clinical data, differentiated cytotoxic mechanism and data supporting activity against temozolomide-resistant 1. Dunn, S.E et al. Cancer Research: April 15, 6. Hegi et al. N Eng J Med: 2005: 352 (10) oy *VAL-083 causes cell cycle arrest and loss of cell viability in TMZ-resistant cells in vitro
GBM cell lines and cancer stem cells, DelMar Pharmaceuticals has initiated a Phase I/ll clinical trial with VAL-083 as a potential new 2012; Volume 72, Issue 8, Supplement 1 987-96 _ 57 . . o P
chemotherapy for the treatment of refractory GBM (clinicaltrials.gov identifier: NCT01478178). 2 Fagan KT, efal JAMAT979; 241 (19). T poners £ Tamas J. Blochem J. 1950; 185, S(Z;V;SI 48 p= 0-0442 p= 0-0003 p=0.0057 All tested primary cultures (Stem and Non-Stem) were sensitive to VAL-083 in vitro
We believe that VAL-083 may provide a viable treatment option and the potential to surpass standard-of care for patients suffering from GBM, 3 ('52‘;‘9223'?7-“ ofat CancerTreat Rep. 196266 8. netioris E. ef ;g;a;?ﬁ?qggg_’gzt_g‘?gﬂnd *Animals in the 5 mg/kg VAL-083 group only received 4 doses due to ‘These results suggest that VAL-083 has the potential to surpass standard of care in the treatment of
particularly those GBM patients who fail or are unlikely to respond to the current standard-of-care. 4. Fouse et al. SNO Annual meeting (2014) 9.  Nemeth L et al. Cancer Chemother Rep. weight loss after which the animals recovered spontaneously. GBM, particularly where fail or are unlikely to respond or intolerant to TMZ

5. Hauch H. et al. Anticancer Res 2005 25:3585— 1972; 56:593-602

We sought to develop new non-clinical data to further explore the activity of VAL-083 in comparison to temozolomide. 3590




