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Levotofisopam is the S-enantiomer of racemic tofisopam, a homophthalazine prescribed Parameter/ from from bined. Placebo. i trast had little effect
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"t i enzot |azep|n§] rezc gp orsfi. ' Tr:mgt; ru?hura1 i ror1n5yp|ci' e(rlF;o |az;e)p Tes,tv? g ;ffczfoBlD 1; 38 170 g) '0160 ég '(1)10A’ gg g subject following a single 150 mg dose of levotofisopam. The subject was withdrawn from the
nitrogen atoms In the 2,0 position rather than the 1,4 or 1,0 posilion (Figure 1), levototisopam : : : : : : @ study due to this event, which was considered probably related to study drug. There were no
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Eas sh(?wn "?“e gfﬁz!ty fort mESt recep?;s, en;yrg?sihang gog charljr)els, n cdluding Ihe(.?a;s'ﬁl gf;?:g;ed groups zg 38 77 .Oob '0260 '03011 i (2)%% (T; s 107 other premature discontinuations. Except for a transient increase in mean creatinine in men
enzodiazepine binding site; however, I does bind to the £,5-benzodiazepine receplor { 1abie 1). : : : : : : © receiving 150 mg BID levotofisopam, due primarily to the SAE described above, there were
Unlike the classical benzodiazepine receptor, which is primarily cortical, the 2,3-benzodiazepine OCH, Mean Subjective Hot Flash Frequency § no out-of-range mean values or clinically significant trends in laboratory, vital signs, ECG, or
receptor is localized in subcortical brain regions, including the hypothalamus. 50 mg TID 14 96 70 264 10001 - 29% 0001 2 physical examination results.
Until recently, senescence of the ovary was considered the primary cause of menopause, ~ Figure 1. Chemical structure of levotofisopam [(S)-5-ethyl-7,8-dimethoxy-4- Placebo 4 8.3 7.3 -1.33 36 -9% 42 k) Levotofisopam exhibited a more than dose-proportional increase of mean Cpay and
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but current ewdencg_sugﬁgests t_hat _alteratlon_s in the hyp(_)thalamlc-pltunary axis precede lthe methyl-1-(3,4-dimethoxyphenyl)-5H-2,3-benzodiazepine]. 150 mg BID 1 108 9.9 091 1 5% 33 E 17 —5 AUC values (Table 5). The time to reach Cpa and the apparent terminal elimination
loss of regular cyclicity,*® resulting in extensive autonomic and neuroendocrine dysfunction. Placebo 5 9.2 84 -0.80 32 +1% 55 ] half-ife were similar for both dose levels (Figures 2 and 3). The extent of accumulation
:]-he hr)]/plothglamusdalso serves as Fhe theLmoreEula;ory cerr:ter of th‘T bOiy. Manlpulatlor;] of the Table 1. Selected Binding Activity of Levotofisopam Combined groups | 25 102 | 83 | -188 001 - 18% 002 ] of levotofisopam was similar at both dose levels and in both males and females. Increased
VEOt afmlc}r;ﬁrab rzne7rglc signaling pathway has been shown to alter the response to heating - [yccay Radioligand Activity® Placebo 9 8.8 80° | -1.00 25 -2% 44 1 AUCq.on Day 7 as compared to AUCq i, on Day 1 suggested time-dependent pharmacokinetics
and cooling o the body. ) o . GABA-A (GABA agonist site) [*H]GABA None Note: Statistically significant P-values are indicated in boldface type. The “combined groups” are the 50 mg TID and 150 mg 0.1 . . . . . . in all treatment groups, which also contributed to the relatively high exposure on Day 7.
The most common symptom of menopause, affecting 75% of postmenopausal women,® is - —— - BID levotofisopam groups. - ‘ ‘ ‘ ‘ ‘ ‘ ‘
the hot flash, which presents as a heat-dissipation response, with peripheral vasodilation and | SABA-A (typical benzodiazepine site) [H{Flunitrazepam None n=3°n=8 0 4 8 12 16 20 24
perspiration on the head, neck, and chest. A variety of treatments have emerged for hot flashes | GABAB PHICGP 54626A None Time (h) Conclusions
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and other symptoms associated with the menopause, most prominently hormone therapy (HT). | Serotonin (nonselective) [H]LSD . None quently Rep oY (%) ) Figure 2. Logarithmic plot of plasma concentrations following initial dose of Levotofisopam significantly reduced both objective and subjective measures of hot
However, a number qf com_pllcgtlons have _been associated with the use of HT_|n thge treatment Estrogen ['2%1]3,17B-Estradiol, 16a None Levotofisopam Levotofisopam levotofisopam 50 mg or 150 mg (women only, Day 1). flash frequency in postmenopausal women within 7 days of treatment. These reductions
of the menopause, including increased risk of deep venous.thromboembohsm, gallstones Prostaglandin (leukotriene B,) PHILTB, None Placebo 50 mg TID 150 mg BID 1,000 7 compare favorably to those reported for commonly prescribed nonhormonal treatments
or cholecystectomy,” breast cancer, " and coronary heart disease.” These findings have ™ ine 1) [“lJAminopotentidine None Adverse Event, I Ly | e ] for vasomotor symptoms of menopause (Table 6). Further, multiple oral doses of
led to a surge of interest in nonhormonal treatments. Several compounds, including the : S Preferred Term (n=4) (n=12) (n=6) (n=18) (n=6) (n=17) 1 levotofisopam 50 ma TID and 150 mg BID were well tolerated in these postmenopa
' - - : usal
a,-adrenergic agonist clonidine, the y-aminobutyric acid analogue gabapentin, selective Dopamine {nonselecfive) [HISpiperone None Abdominal pain 3(25%) 1(6%) T(7%) | 2(12%) 1 women V\ﬁth little difgference from Iac%bo P P
serotonin-reuptake inhibitors (SSRIs—e.g., paroxetine), serotonin-norepinephrine reuptake | Adrenergic (alpha 1) [HI7-MeO-Prazosin None Diarrhoea 1(8%) 1(6%) 7 (41%) _ —0— 50mg In conclusion. data from the gresent'Phase 1B trial suggest the potential utiity of
inhibitors (SNRIs—e.g., venlafaxine), selective estrogen-receptor modulators (SERMs), vitamin | _Adrenergic (alpha 2) PHIRX 821002 None Disturbance in attention 4 (24%) £ 100 1 —O— 150mg levotofisopam in the treatment of hot flashes in menopausal women.
E, and soy-based products or other.phytoestrogens, have proven modestly effeptive and in Adrenergic (beta) [*HIDHA None Dizziness 5 (42%) 7 (39%) 1(17%) 3 (18%) 2 1
many cases havg been associated with unacceptable side-effects. Clearly, there is a need for Muscarinic (nonselective) PHIQNB None Feeling cold 2(17%) 7 (@1%) s 1 Refe rences
alternative therapies for the treatment of the vasomotor symptoms of menopause. _ Nicotinic PH|Epibatidine None Flatulence 2 (17%) 3(17%) T(7%) | 10 (59%) B
With this need in mind, VelaPharm sponsored a single- and multiple-dose Phase 1B trial Opiate [HNaloxone None Headache 260% | 6(50%) 7(39%) | 4(67%) | 10(59%) S 1. Goldberg HL, Finnerty RJ. Comparative efficacy of tofisopam and placebo. AmJ Psychiatry 1979;136:196-199.
of levotofisopam in healthy male and postmenopausal female volunteers. The study was FYS— " HIWIN 35428 N Mvaldia T (25%) 2 (17%) 5 (28%) T(7%) 8 @7%) § 10 2. Szeg6 J, Somogyi M, Papp E. Selected passages from the clinical-pharmacological and clinical trials of
conducted at Pharma BioResearch, Zuidlaren, The Netherlands. Opamine transporter CH] one yalg i 00 0“ 00 Do o ] Grandaxin®. Acta Pharmaceutica Hungarica 1993;63:91-98 [translated from Hungarian)].
Norepinephrine transporter [*H]Nisoxetine None Nausea 4 (33%) 3(17%) 2(33%) | 5(29%) E ] 3. Horvath EJ, Palkovits M, Lenkei Z, Gyiire KI, Fekete MIK, Aranyi P. Autoradiographic localization and
Ob- e CtiV es Serotonin transporter [H|Citalopram, N-Methy! None Paraesthesia 2 (17%) 1(6%) 2 (33%) 1(6%) 3 ] quantitative determination of specific binding sites of anxiolytic homophthalazines (formerly called 2,3-
j - - — — ; 0 2 1 benzodiazepines) in the striato-pallido-nigral system of rats. Brain Res Mol Brain Res 1994;22:211-218.
2,3-Benzodiazepine [H]Girisopam > 50% inhibition Peripheral coldness 5 (29%) 8 4. PengM-T, Huang H-H. Aging of hypothalamic-pituitary-ovarian function in the rat. Fertil Steril 1972;23:535-542
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The. pres.e.nt stuc?)'/ was conducted fo e.v aluate the safety, tpler?blmy’ pharmacoklnetlcs, and * Activity is defined as >50% inhibition of specific binding of radioligand with 10 UM levotofisopam. Pharyhg?laryngeal pam 1025%) 1(8%) 3 (17%) 1(6%) 3 L ] 5. Klein NA, llingworth PJ, Groome NP, McNeilly AS, Battaglia DE, Soules MR. Decreased inhibin B secretion is
potential clinical utility of |e_\_/0t°ﬂ3°pam ina Eha_se 1B setting in women with symptoms of Pollakiuria 1(25%) 1(8%) | 2(33%) | 2(11%) = ] associated with the monotropic FSH rise in older, ovulatory women: a study of serum and follicular fluid levels
menopause. Safety, tolerability, and pharmacokinetics were also assessed in healthy young men. Table 2. Objective Skin Conductance Data for the MITT Population Somnolence 1(25%) | 5(42%) 6(33%) | 1(17%) | 1(6%) ] of dimeric inhibin A and B in spontaneous menstrual cycles. J Clin Endocrinol Metab 1996;81:2742-2745.
2 TEAEs occurring in more than one subject and more than 20% of subjects within at least one treatment group 4 6. Klein NA, Battaglia DE, Miler PB, Branigan EF, Giudice LC, Soules MR. Ovarian follicular development
_ Change % Change and the follicular fluid hormones and growth factors in normal women of advanced reproductive age. J Clin
Parameter] : fron.1 fron.1 Table 5. Mean Pharmacokinetic Data, by Dosage, Gender, and Study Day o1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 7 Egai%crzraﬁlglgtagi;ggegﬂ(?li?]iﬁﬁ?faises the sweating threshold in symptomatic but not in asymptomatic
This was a randomized, double-blind, placebo-controlled trial utilizing ascending doses tested UCEREHE TN N |Baseline| Day6 | Baseline | P-Value | Baseline | P-Value | I o =1 . . ol e e 0 4 8 12 16 20 24 " postmenopausa St 000 zaas yme e
in 39quemia|.gm'~‘p3- Following a screening period, subjects received placebo (n = 7 women, Median Objective Hot Flash Frequency Day (ng/mL)* (hn)® (hr) (ngehr/ mL)® | (ngehrimb)2|  (Llh)® RA2¢ Time (h) 8. Freedman RR. Physiology of hot flashes. Am J Human Biol 2001;13:453-464.
2 men) or a single 50 mg dose of levotofisopam (n = 18 women, 6 men) on Day 1 and 50 mg TID . ) _ Figure 3. Logarithmic plot of plasma concentrations following final dose of 9. Grady D, Wenger NK, Herrington D, et al. Postmenopausal hormone therapy increases risk for venous
) . ’ 50 mg TID 11 10.0 5.0 -3.0 .002 -33% .002 Levotofisopam 50 mg TID, Women (n = 18) . g . '
or placebo on Days 2-7. In the subsequent treatment period, a new cohort of patients was given 0 levotofisopam 50 mg TID or 150 mg BID (women only, Day 7). thromboembolic disease: The Heart and Estrogen/Progestin Replacement Study.  Ann Intern Med
placebo (n =5 women, 2 men) or levotofisopam 150 mg (n = ’1 7 women, 6 men) as a single dose Placebo ‘ 1o %5 49 25 el M Doyt | 959(667) | 066(024) | 588244 $3(%9) 108(69) | 815&rm) — ’ 2000;132:689-696
and then BID. In female subjects, physiological (objective) and subjective hot flash frequency |1:)I50 mbg BID 136 1;65 gg +52% .009 +z;55‘;/; 028 Day 7. 137.9(87.3) | 067(0.21) | 6.75(155) 176 (112) — 418(280) | 21(1.0) 10. Hulley S,hGrady_D, Bush T, et al. Randolmized trial Zfﬂ;e:t;ogerl\zpluAs prog1estin for secondary prevention of
were recorded via skin conductance monitors (UFI, Morro Bay, CA). Self-rated menopausal aceno : . ‘ 20 - = Levotofisopam 30 mg TID, Wen (n = &) Table 6. Comparative Effect of Levotofisopam and Common 11 Wrrilt)i:grér:j; fglrsﬁzs\(;\llgnss:’t? :ggﬁslf:sia‘g\?: ﬁr;é:tigatorsggsissgfg ?)fmfﬁts of estrogen plus progestin in
; ; : i . - 369 Day1 | 523(218) | 0.82(0.18) | 447(3.07 69 (23 75 (24 754 (334 — : :
symptoms were also collected using the Greene Climacteric Scale. g;r:ebkl)r;ed groups 277 18060 ;g ‘318 .0?31 ?g Df: .0222 Day T E34 3; 0% EO 33: e E4 40: 126((8(:) (24 - E269: YT Treatments for Menopausal Vasomotor Symptoms healthy postmenopausal women: Principal results from the Women's Health Initiative randomized controlled
; : - : _R : ay 5 (34 96 (0. 68 (4 - 412 trial. JAMA 2002;288:321-333.
_ Mean Objective Hot Flash Frequency Levotofisopam 150 mg BID, Women (n = 17) Treatment Dose Estimated Reduction, 12. Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and hormone replacement
Treatment Mechanism of Action and Duration Hot Flash Frequency therapy: Collaborati lysis of data from 51 epidemiologic studies of 52.705 ith breast
o Lo R 209 Day 1 461 (257 0.63(0.16 7.20 (1.90 586 (307 637 (332 304 (153 — py: Collaborative reanalysis Of data from epiaemiologic stuaies O 8 women wi reast cancer
After 7 days of treatment, both objective and subjective measures of hot flash frequency 50mg TID " 94 57 36 005 39% 003 d Sl 019 190 Sl S 59 and 108,411 women without breast cancer. Lancet 1997;350:1047-1059.
. P . o Placebo 4 1.0 85 -25 23 - 1% 40 Day7 | 639(356) | 0.73(0.24) | 6.78(1.28) 1079 (608) — 175(81) | 20(0.7) idine’ i i 3 : '
were reduced by levotofisopam. For the modified intent-to-treat (MITT) population, comprising : : . Clonidine a,-adrenergic agonist 2 weeks Approx. 28-46% (mean) 13. Laufer LR, Erlik Y, Meldrum DR, Judd HL. Effect of clonidine on hot flashes in postmenopausal women. Obstet
all women who received at least one dose of study drug and had a baseline hot flash count 150 mg BID 18 | 155 9.0 -6.5 010 -30% 036 Levotofisopam 150 mg BID, Men (n = 6 for Day 1, n = 5 for Day 7) Gabapentin® -aminobutyric acid anal 12 week 459 Gynecol 1982;60:583-586.
of 25/day, median objective change in hot flash frequency was -33% for the 50 mg TID cohort Placebo 3| 80 | 63 | -17 35| 1% 41 Dayl | 442(327) | 083(043) | 702(6.18) | 650(528) | 696(542) | 306(168) | — abapenthn F-aminobulyric acid anaogue eers % (mean) 14, Guttoso T Jr, Kurlan R, McDermott MP, Kieburtz K. Gabapentin's effects on hot fiashes in postmenopausal
(p = .002), -45% for the 150 mg BID cohort (p = 028), and -36% for the two cohorts combined |  Combinedgrowps |27 | 130 | 77 | -53 | oot | -3% | oot Doy7 [ o0y | 15009 [ 4sezs) [ oy | — [ teaga [ae | |Paroretine” SSRI 6 weeks 46:50% (mean) 5 e e S f N
_ i . e o Placebo 7 97 76 21 17 1% 2 — - - . Stearns V, Beebe KL, lyengar M, Dube E. Paroxetine controlled release in the treatment of menopausal hot
(p=.0002; Table 2). Median subjective change from baseline in hot flash frequency for . . Arithmetic mean (SD) Venlafaxine' SNRI 4 weeks 30-58% (median) flashes. JAMA 2003:289:2827-2834.
this population was -23% for the 50 mg TID cohort (p =.0001), -11% for the 150 mg BID Note: Statistically significant P-values are indicated in boldface type. The “combined groups” are the 50 mg TID and 150 mg ® =7 hours for TID treatment, 14 hours for BID treatment - ) i 16. Loprinzi CL, Kugler JW, Sloan JA, et al. Venlafaxine in management of hot flashes in survivors of breast
cohort (NS), and -20% for the two cohorts combined (p =.003; Table 3). In addition, the [ BIP'evotofisopam groups. © RA = Observed accumulation index = AUCq,. p, 7/AUCY . py Levotofisopam Homophthalazine 7 days 33-45% (median) cancer: A randomised controlled trial. Lancet 2000;356:2059-2063.
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