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_ _ Tadalafil and MUC1 vaccine does not improve

Myeloid derived suppressor cells (MDSC) play a key role in tumor progression, in immune A total of 15 patients were enrolled, 7 as controls and 8 to the active treatment arm. Study subjects were considered evaluable for phase | safety analysis once they completed Course 2 or if they experienced a recurrence free (RFS) or overall survival (OS)
exclusion, and in preventing T cell infiltration in the tumor (Lu et al, 2016, Moschetta et al, 2017, TLT _pr_lor tq completion of_ Course 2. The phellse. | lead in was designed to accrue 6 evaluable pe_ltlents for safety_ anaIyS|s.. One of 8 patients on the active treatment arm was non-compliant with stgdy drug
Ameratunga et al, 2018, Chen et al, 2018, Parikh et al 2018a, Parikh et al 2018b, Sacdalan et al administration and was withdrawn at the beginning of course 1, and 1 of 8 patients developed disease progression following early tumor recurrence after lengthy recovery from surgery and was withdrawn from the 100
2018, Kim et al 2019). We have previously shown in randomized placebo controlled clinical trials study without receiving course 2 study treatment. An eighth patient was accrued to the treatment arm to yield 6 evaluable patients for TLT analysis. Any patient who received study treatment was evaluable for 100
that PDES5 inhibition with Tadalafil can lower MDSC and regulatory T cells (Tregs) in the blood and at  analysis of RFS, yielding 7 of 8 for RFS analysis. Safety analysis was planned following completion of Course 2 for the sixth evaluable study subiject. 0=0927
the tumor site, and significantly increased the anti-tumor T cell response evaluated by assessing the 75 - ‘ p=0333 75 -
proliferation of magnetically purified CD3 T cells isolated before and after treatment to autologous Clinicopathologic characteristics of treatment and control groups were similar. Disease sites for 7 evaluable treatment patients included oral cavity (n=2), oropharynx (n=3), and larynx (n=2), while disease sites of
iti i i : control patients included oral cavity (n=4), oropharynx (n=2), and larynx (n=1). Recurrent pathologic summary tumor summary stage (AJCC 7th edition) for treated and control patients was similar, with 6 stage IV 3 -~
dendritic cells pulsed with the autologous tumor. (Califano et al., 2015; Weed et al., 2015) These _ _ . of | _ 2 C
clinical trials did not demonstrate clinical benefit with Tadalafil administration alone, and a three arm  and 1 stage lll in the treatment arm, and 5 stage 1V, 1 stage lll and 1 stage Il in the control arm (all patients were clinically judged to be stage Il or IV at enroliment). Three of the 14 evaluable patients had p16 o 50 - I 5 50
randomized phase Il clinical trial was designed with a combinatorial immunotherapy approach using  Positive tumors consistent with HPV related malignancies, including 1 control and 2 treatment patients. All patients were previously irradiated as per study protocol, with 5 of 7 on both treatment and control arms v 0O EventsN Time Rate (95% Cl)
Tadalafil and an anti-Mucin (MUC)1 vaccine with poly ICLC as adjuvant with non-randomized control ~ receiving chemotherapy with radiation therapy as part of their prior treatment. Interim safety analysis has been previously reported with no evaluable patients experiencing TLT through completion of course 2. EwnttN Time Rate(35%C) ¢ 37 2 5710172 -8.7%)
arm of otherwise eligible patients undergoing surgical salvage alone but unwilling to receive study Follow-up analysis shows no evidence of TLTs through the remainder of completed courses in all evaluable patients. 255 ¢ 37 2 500(111-804%) 254 T 37 2 57172887
treatment (NCT02544880). This trial incorporated an open label single dose phase | lead in and _ _ _ _ _ o _ o o | T 67 2 143(07-465%) B + Censor
was designed with planned safety analysis and interim immunologic analysis after 6 patients Six of 7 patients in the treatment arm and 3 of 7 patients in the control arm had tumor recurrences within the first two years post-surgery. There was no statistically significant difference between arms on + censor
completed 2 courses of study treatment without treatment limiting toxicity (TLT) or had TLT up to the  univariable analysis of recurrence-free survival (RFS) (treatment vs. control HR=1.84, 95% CI 0.46, 7.44; p=0.390). In multivariable analysis of RFS controlling for positive margin status and smoking history 0 . | . ! 0 . ! | |
end of course 2. Eligible patients had recurrent or second primary stage Ill or IV squamous cell revealed an important influence of these additional variables on likelihood of recurrence, and no significant difference between treatment vs. control arms (HR=0.44, 95%CI 0.08, 2.36; p=0.334). In this 0 05 1 15 2 0 0.5 1 15 2
carcinoma (SCC) of the oral cavity, oropharynx, hypopharynx or larynx with surgically resectable multivariable model, there was evidence or worse RFS for patients with positive margins compared to negative margins (HR=25.18, 95%CI (2.10, 302.5; p=0.011), and for patients with smoking history versus | Years from surgery | Years from surgery
disease and were recommended to have definitive salvage surgery, and must have had prior without smoking history (HR= 8.48, 95% CI 1.04, 69.17; p=0.046). Four patients in each treatment arm were alive at the 2-year endpoint, 3 of 4 with disease in the treatment arm and 1 of 4 with disease in the No.atrisk NO. R rTeK
iati i i i i control arm, with overall survival nearly equivalent between treated and control patients (treatment vs. control HR=0.93, 95%CI 0.19, 4.62; p=0.927). It should be noted that 1 of 6 recurrent patients in the C 7 4 4 4 3 C 7 : 5
radiation therapy to the head and neck. The anti-MUC1 vaccine with poly ICLC adjuvant was _ _ _ Pd _ _ 04, it : . SCul
chosen to prime an immune response against HNSCC as MUC1 has been shown as the immune treatment arm was included in the analysis as recurrent although was treated clinically as a second primary SCC of the lung with curative intent. Additional sites of distant metastatic disease subsequently T 7 5 4 2 1 T 7 7 5 4
dominant antigen for CD4 and CD8 T cells in 80% of patients with HNSCC (Beckhove et al, 2010). developed post pneumanectomy and adjuvant chemotherapy in this patient. Analyzing this patient as recurrent was chosen given the similar histology and inability to definitively prove the lung lesion was second
All patients on the phase | lead in were to receive one course of Tadalafil with anti MUC1/polylICLC ~ Primary rather than first site of metastatic disease from the HN primary cancer. , ,
vaccine pre-operatively with an additional 3 courses planned up to 7 months postoperatively and a sl it WA DI el e ieeil s Wit
final f - | : ith all pati foll d until 2 - Tadalafil and MUC1 ine | irculatina MDSC d expression of PDL1 in the tumor microenvironment
inal course of vaccine only at one year post operative, with all patients followed until 2 years post Consort Flow Diagram adalafil an vaccine lowers circulating s an
surgery. Safety was the primary endpoint of the Phase | trial, with secondary endpoints of immune A Treatment sch hase 1 Treg and restores the expression of CD3 {-chain in CD8 T cells The expression of PDL1 within A [ormal | edge’ [ Tamor | B [Nomma Cmg?ag%“ —
. . . - =0.007 . . . . . .
response and recurrence-free survival (RFS). Accrual of non-randomized controls began during the L Ty SR JUS o £ oo als (B) wo oty o | B While the Phase | lead in was not designed to assess RFS as primary endpoint given the
. = = = - ° | - .E E E -.ZE = p<0.001= ':__:40 = = & B ) ) . ) g . . . ; . . .
phase | lead in. Tegatant, 1 | 52 Tadalafil 10 Tadalafil 10 Tadalafil 57 [ te o 3500 § 03 : P 3o '“g\ 311 lrr:\:gt;uer:g:oergetery(;pI:\hentourrrnnzjat e | pomr S limited number of patients enrollec_i, some |nS|ghts can b_e gained from this small sample size of
e »| S PR yTyTe/ WA X ppreryryroy M N prpyryror k' ey 2o & Bm . 2 @ Bwl el ] surrounding e o 8 o 2 © treated and matched non-randomized controls in analysis of 2-year follow-up for RFS and OS
. . . . . . i-i 2 i-i i-i i-i i-i o ' & B 150 cé 3 A . S 101 J ] O ] o : : : : : : .
Results of the interim safety and immunologic analyses of the phase | lead in trial have been angalgcf:grj/w?agza . ar;ﬁ'a'&::'ig]/eega ar;ﬁ'a'é‘c:;'@%’%za a:ﬁ'éé‘%'ﬁ%?;a a”&'a'Qé'#,/%’;ZE‘ 33 2 § & s g= \ e ] - specimen from the control (black ~ £ " : 3", ol @ in comparison with the secondary endpoint of immune response for this group. This study
. . . . ay ay ay ay day 1/1 = E 100 1% . LY Y : : : O oy : : : : . . . . .
previously published (Weed et al, 2019) and are summarized here. The combined treatment of Soo o I E T .8 3 10] % el s ils ] R‘L'S‘é?JL‘?!?&SiESZLaQ'LZ‘??eated sy ©1 8 Sqe g1 O . confirms the high risk of recurrence in stage Ill or IV previously irradiated patients undergoing
i - - - o RN I 2 IR =T POyt . e o : - T :
Tadalafil and MUC1/polylCLC vaccine was well tolerated with no serious adverse events or B Clinical trial flow chart Crool pes 1D S it T2 T T T TG Y H B (gray filled circle) patients. Two e | 8 e © e @ e S a salvage surgery for HNSCC. As previously reported in the trial’s interim analysis,

AT PR . . : o , 100 ~ 6| # 8 5§ § |8 0s? @ %gs.of 10 ==y way T test p value are reported. CTRLTreated CTRL Treated CTRL Treated CTRLTreated CTRL Treated CTRL Treated : : : . . .
ftreat_m_ent I|_m|t|ng tox_|C|t|es (_TL'_I'S) as primary endp0|_nt. _Irr_lage cytom.e}'ry an_aIyS|s_ of sqanned tumors eligible n=16 |2 screen failures (ANA*ab) 5 g) ot B HIE i NI &% C) Correlation between the Co b T e (O, ur)derglycosylated MUC1 as a tumor gssoc:lated antigen is W|d_ely expre_ssed in these patients
in this interim analysis also indicated that the PDES5 inhibitor Tadalafil in conjunction with the unwilling to take willing to take study drug 8, &% 55: 3 8 Sh / < 1§ N expression of CD69 in the 5 ] =10.100 o _ - BB i with recurrent HNSCC, and the combined treatment of Tadalafil and anti-MUC1/polylCLC

I I 73 @ 301 £ » 8 =315 & 1 & : p :% p=5- 2 Control |, umor vs normal| 0. : : - . .
MUC1/polylCLC vaccine effectively reduced the number of PDL1+macrophages present at the study drug 8.y * |8 N R e | 7 1 . $ EX%?;;?;','?J?;S;’Q[%}% cells. o goenreloont TEngevsnogma.' 3.352 vaccine was well tolerated. The combined treatment did show evidence of reversion of
. . . . . . . : o > 201 ] ] .y %:—51 ® ;,J‘“u—:1'°’ = .l = z |z - . S 0 STadalafi umor vs edge N . . . . . .
tumor edge, and increased the number of activated tumor infiltrating T cells, suggesting reversion of Control n=6 Enrolled in phase 1 n=8 Strlégyé oer>](|t - I ,,Z e . |55, B 212 . D) Summary of the one way RM £ 5 é}al‘\jglc}iﬁzlo.me Tumorvs nomal] NS immune exclusion by lowering MDSCs and Treg at the tumor site and in peripheral blood and
. . . . . . viy BDL{(@» oLe—iml S| ool o A , Svo ‘ BN | 8 e |8 I is. Q10 SASINOINE . . . e .
immune exclusion. However, this analysis also confirmed that CD163 negative cells within the tumor 1 | blood v poty T Coue) ooz coues Goused | Cobes Moty TS, B o ANOVA analysis 2 c g el an increase in the number of activated tumor infiltrating T cells, however study treatment also
upregulated PDL1 after treatment, suggesting the instauration of additional mechanisms of immune déys_ drawn Course 1, 19 days tadalafil 1 hon mMDSC, gMDSC, Treg, and the expression of CD3 {-chain expression on CD8 T cells was evaluated by multicolor flow é ] D) o) ® Conro gTada,aﬁ, ?3%23332322' 0637 resulted in CD163 negatlve cells within the tumor upregulatlng PDL1 expression, SuggeStmg
evasion. These results prompted suspension of the planned phase |l randomized trial of Tadalafil vaccine day 719 ™ compliant cytometry on fresh blood of the enrolled patients or on age matched healthy donors (A, ©, E, G). Leukocyte subsets o ® O [ofitle| |Biacne  [Eigevenema [ 0050 the instauration of additional mechanisms of immune evasion. This important finding prompted
. ) i . . . A ) . P were enumerated with “123 beads” Two ways T test value are reported. The same subsets were evaluated longitudinally O o nematsed MEIE : . .y : .
and MUC1/polylCLC vaccine with consideration of incorporating checkpoint inhibition with Tadalafil blood n=7 in the patients enrolled i the treatment arm. The gray area correspond to the Tadalafil treatment (B, D, F, H). normaize suspension of the Phase || component of the trial, and is likely a contributing cause of the
and MUC1/polylCLC vaccination in a redesigned future trial. The following is a report of RFS and Surgery | . _i« C{L""%"&» Surgery 1 disease Impact of bositive marains and smoking historv on RES finding that RFS and OS of the small sample size of patients evaluated show no significant
overall survival of the Phase | lead in trial at the 2 year follow up point post surgical salvage in > months | Narvested _ 6-8 weeks y > progression . : : P P g g ry difference between treated and control groups. While the number of recurrences is greater in
comparison with non-randomized controls undergoing salvage surgery only. Cou:/séecgi,n164dc;ay1sotﬂcialafiI Tumors_ from patients tre_ate_d Wl_th Tadalafil and MUC1/polylCLC Cox Proportional Hazards Regression Analysis for RFS and OS the treated arm, raising the question of possible increased risk of recurrence due to study
< Dlood o vaccine show a lower infiltration of MDSCs and Treg and a T R P treatment albeit not statistically significant, multivariable analysis of RFS controlling for positive
310 weeksy higher infiltration of activated CD8 in the tumor bed Variables Categories HR (95% C) P | HREs%C) P margins and smoking status shows an important influence of these additional variables on
~4.5 months — Course 3. 14 davs tadalari Computer based image cytometry A ket Baee T o) B iiaren e P € ol egledor e Univariable models likelihood of recurrence between treatment vs. control arms. This study provides rationale for
. . . . < P1ood o~ accine da Y014 was performed to enumerate the 1 I D Al 1 S B SN X N -1 A = Arm Tvs C (Ref) 1.64(046,7.44)  0.3% 1 0.93(019,4.62) 0927 consideration of combinatorial immunotherapy with checkpoint inhibition, Tadalafil
Patients were followed up to two years for recurrence and overall survival. RFS is defined as the drawn n=6y 1 recurrent _ number of A) MDSC, s 1 o |E = .. Smoking History Yes vs. No (Ref.) 450(0.71,28.68) 0.111 | 7.35(0.32, 166.9) 0.211 . . . TR L .
time from date of surgery to the date of first documented recurrence. Patients who had a second | ¥ disease ) CDA+T ool subsets | ¢ |Z EREHEEORE Smoking status Quit=5y vs. Never | 5.00(0.69,36.54) 0112 |11.30(0.43,299.2) 0.147 administration, and anti-MUC1/polylCLC vaccination in this challenging patient population.
_ ) _ . 8-10 weeks _ +T cell subsets, or félp o %e o *34_ ° o %4 o Smoker (Ref.)
primary prior to recurrence or who died from a cause not related to recurrence were censored at the ~ 7 months — Course 4. 1 4vdays Bl 41 side gffect | D) CD8+Tcells. AL S ® ol%1 ofe | BlE|eglEl, ale Smoker/Quit<5y vs. 4.45(0.56,35.55) 0.159 | 4.00(0.11,147.0) 0.451
time of documentation of those events. Patients alive or those lost to follow-up were censored at blood vaccine day 10/14 (ANA"ab) B e e~ Sleg*s o 8sseda] °°° gl e ——— References
. . p 4 drawn> n=4y reported_ normalized on the CD69 “ :_»% = (ib- > P * .:5, ;ea; ; ic :_\, Ci)c 0 > D o = 8®b &~ D HPV2 Pos. vs. Neg/NA (Ref) 4.64 (091’ 2358) 0.064 2.81 (0'52’ 1534) 0.232 1. Ameratunga, M., Chénard-Poirier, M., Moreno Candilejo, I., Pedregal, M., Lui, A., Dolling, D., et al. (2018). Neutrophil-lymphocyte ratio kinetics in patients with advanced solid tumours on phase | trials of PD-1/PD-L1 inhibitors. European Journal
the IaSt date Of documented recu rrence-free Status, Wlth fOIIOW up for recurrence free Status ) gxpresj!on on tal,:l the ?e”S fevatluatetd Dd\ ol c/)\C&ISQI;*'ci\-‘:I ;&(b Eé «@QCD(:;SQ&T; CéI:;S/}:@:ells Fé\ < S Trial Tumor Site OC vs. Larynx (Ref) 0.50 (0.09, 2'95) 0.446 1.02 (0'11’ 986) 0.985 2.(?Bfeii’;giQBg’.,s\?\/-aﬁr?;é,(j;i.:, rll_tgr):l:(/e/:,j??jiorsqt/c:fc-gg\j:,/iSicagaljz:gi.Ig?ZS-chnélzer M., et al. (2010). Rapid T cell-based identification of human tumor tissue antigens by automated two-dimensional protein fractionation. The Journal of Clinical
continued until documented progression and/or death. or until 2 years post Surgica| Sa|vage was blood > > 2 r(_acurrent epending on the region ot interes 1of Normal | Edge Tumor | gy, Normal, Edge pr%f‘agjr; = o{patents © Oro vs Larynx (Ref.) 1.48 (0.31, 6.95) 0.620 | 2.17 (0.25, 18.83) 0.483 Investigation 120(6), 2230-2242. doi: 10.1172/JCI37646. , o , , e _
’ drawn > dlsease eva|uated, at least 105-106 cells were ? O |p=0.023 e | éi T n Tt T Py e P 3.&2|Zf.acncc;_,1J4{-\1.,7}1(g.an, Z., Noonan, K.A., Rudraraju, L., Zhang, Z., Wang, H., et al. (2015). Tadalafil augments tumor specific immunity in patients with head and neck squamous cell carcinoma. Clin Cancer Res 21(1), 30-38. doi: 10.1158/1078
reached. While not a defined secondary endpoint of the trial, overall survival (OS) was also lood ’é5omr°S”eth5S T\lo o aF;‘e%'zZe:);pression £ CDBS I DT 1] °l o] & ° e gmm NM o ER:{; 0.71 20:16' 3:24; 0.656 | 040 20:07’ 2_1'7)) 0.200 5L, Rec, PS, Loo, R, Savage, N and L K (2016). T exproeson pofles and roqulaon o PD.L1 n trmr nccolmyeo.derve supproseer cals. Oncoimmunclogy 512), 01247138 41267135 o~
: : : = of L, ] < p=0.007 ' ' 10.1080/2162402X.2016.1247135.
analyzed as an exploratory endpoint, and defined as the elapsed time from dat_e of surgery to date < drawn® Valécme day 1/1 n=2 cells was plotted against MUC1 IHC £ Jdz ° e . o Positive Margins Yes vs. No (Ref) 12.24 (1.66,90.50) 0.014 | 2.24 (0.45,11.23) 0.328 . i, H. Pat S, S, SU. Jug. I Yoo, Hi, Galvovih .. ot (201 Th Raoof Porhorl Rty T Cels 10 Lox1(+)Pomorohonclar Myeliddved SupresorCels redets th Eary Response 10 An-P0-1 Theray
Of death. Allve patlents had fOIIOW up for OS Censored at date Of IaSt known allve Status or at tWO score of the Corresponding tumor. E 1 . (O o Ez— |® IC o gf’p ;)=f(§627 Trial LVI Yes vs. No (Ref.) 4.91 (100’ 2400) 0.049 1.22 (025, 605) 0.809 71“80151022;;%1“4/1;]&;;22 M., Kasenda, B., Mak, G., McClelland, A., Boussios, S., et al. (2017). Dynamics of Neutrophils-to-Lymphocyte Ratio Predict Outcomes of PD-1/PD-L1 Blockade. BioMed Research International 2017, 5. doi:

t . I I S f t. t, h t . t. b d . th ~1 2 mOnthS v bIOOd » t . t _5 4 Two ways T test and relevant t‘g 2 8 ° @ ) g—m @ 0)7 g;‘ "= . Trial PNI Yes vs. No (Ref.) 4.24 (0,67, 2707) 0.126 0.97 (018, 515) 0.968 SI;a;nnllj,I;O;erKg?r?g)r ?3622??8 joIA1nE/)va11B@/Sggggg_oﬁg_g?gg_; et al. (2018a). Peripheral monocytes and neutrophils predict response to immune checkpoint inhibitors in patients with metastatic non-small cell lung cancer. Cancer Immunol
y.earS ’pOS Surglca Sa Vage. Ummary @) pa Ients cnaracleristucs y arm Wer:e Compar.e USIng e drawn exIt visit n= pearson correlation parameterS are oof @ e O, :‘ %o-" ol® ol@ %f Prior Chemo Yes vs. No (Ref.) 0.66 (0.17, 2.63) 0.556 1.88 (0.27, 13.27) 0.528 9.535;3;1';:;(/.,()}?7%21/2;, Aé,6A1h5m2d;J.|, -Aénzv;;%SAézF;l:%csioagz,%hajgbol-llj%,oe;g%(%?185b).SMonloeczy1t?s6§nd neutrophils as a predictive marker of response to immune checkpoint inhibitors (ICl) in metastatic non-small cell lung cancer (nNSCLC). Journal
FlSher S exaCt teSt or the StUdent t—test_ RFS and OS curves by arm were estlmated US|ng the repOrted. 6\"2-1@;}@6 é"%”/\ e C,J\QZ-V& e 6\@&&36 é@/\@q}'@b 6\22&&@(?6 O()_;t],m fic ssco.rz Age, in years >= 65 vs. <65 1.34 (0.34, 5.30) 0.680 1.52 (0.28, 8.18) 0.623 10. Sa(l:dlalan, D.B.,gll_{meio, JAupgr);d Sacdal-an, D.L.-(2OI1.8). -Prognostic.utility.ofBas_ezl;Zpﬁeutrophil-to-lymphocyte ratio in patients receiving immune checkpoint inhibitors: a review and meta-analysis. OncoTargets and therapy 11, 955-965. doi:

R . . . . . 10.2147/0TT.S153290. . . ' ' . ' o ' .
Kaplan_Meler method and Compared uslng the Iog rank test. leen the Sma” number Of events IN Age, in years 1.year increase 0.97 (0.87, 1.08) 0.583 1.04 (0.91, 1.18) 0.585 11cav,¥j:§mgTc,,,\,/eclfn;el;,?::;(l:\f35_3;3 ggler;tg1?5(;/1(3$ggzagc§?1rg[1§1ftaI (2015). Tadalafil reduces myeloid-derived suppressor cells and regulatory T cells and promotes tumor immunity in patients with head and neck squamous cell

. . . . y . . . Multivariable model 1 12. Weed DT, Zilio S, Reis IM, Sargi Z, Abouyared M, Gomez-Fernandez CR, Civantos FJ, Rodriguez CP, Serafini P. The reversal of immune exclusion mediated by Tadalafil and an anti-tumor vaccine also induces PDL1 upregulation in recurrent

our StUdy, Cox regression anaIyS|S with Firth’s bias correction method was employed to estimate Conflict of Interest, Funding, and Acknowledgements - TvsC (Ref) 0.09(0.19,5.07) 0987 head and neck squamous cell carcinoma: interim analysis of a phase | clinical trial. Front Immunol. 2019 May 31;10:1206. Doi:10.3389/fimmu.2019.01206. eCollection 2019.
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HR: hazard ratio, 95%CI: 95% confidence interval. P: p value, p<0.10 in bold.
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