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Myeloid Derived suppressor cells (MDSCs) play a key role imé progression and

recurrence of human malignancies and in restraining the efacy of adjuvant therapies.
We have previously shown that Tadala | lowers MDSCs and redatory T cells (Treg) in
the blood and in the tumor, primes a tumor speci ¢ immune respnse, and increases
the number of activated intratumoral CD8T cells in patients with primary Head and
Neck Squamous Cell Carcinoma (HNSCC). However, despite tlse important immune

modulatory actions, to date no clinically signi cant effets have been reported following
PDES inhibition. Here we report for the rst time interim reglts of our ongoing phase |
clinical trial (NCT02544880) in patients with recurrent HBICC to evaluate the safety of
and immunological effects of combining Tadala | with the atitumor vaccine composed of

Mucinl (MUC1) and polylCLC. The combined treatment of Tadal and MUC1/polylCLC

vaccine was well-tolerated with no serious adverse eventsrdreatment limiting toxicities.
Immunologically, this trial also con rms the positive immnomodulation of Tadalal in

patients with recurrent HNSCC and suggests an adjuvant effg of the anti-tumor vaccine

MUC1/polylCLC. Additionally, image cytometry analysis @fcanned tumors indicates that
the PDES5 inhibitor Tadala | in conjunction with the MUC1/ptylCLC vaccine effectively
reduces the number of PDLE macrophages present at the tumor edge, and increases
the number of activated tumor inltrating T cells, suggestig reversion of immune
exclusion. However, this analysis shows also that CD163 neggive cells within the tumor
upregulate PDL1 after treatment, suggesting the instauran of additional mechanisms
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of immune evasion. In summary, our data con rm the safety andmmunologic potential
of PDES5 inhibition in HNSCC but also point to PDL1 as additial mechanism of tumor
evasion. This supports the rationale for combining checkpat and PDES5 inhibitors for
the treatment of human malignancies.

Keywords: myeloid derived suppressor cells, tadala I, PDE5 , mucin 1 vaccine, poly-ICLC, recurrent HNSCC, PDL1,
immune exclusion

INTRODUCTION can eliminate minimal residual disease and prevent tumor
recurrence {0, 11).
The incidence of head and neck squamous cell carcinoma |mmune exclusion (also known as the absence of e ector
(HNSCC) has declined in the last 30 years but this remaing cells inside the neoplastic lesion) is emerging as one of the
a deadly disease with more than 550,000 cases and 380,(Q4in reasons that may explain the lack of response in patients
deaths reported annually worldwidel)( Despite advances in yndergoing immunotherapies such as checkpoint inhibition
diagnostic imaging, surgical ablative, and complex recoisitre  therapy (L2, 13. Immune exclusion seems to be particularly
techniques, radiation therapy, and chemotherapy, recugencmportant for patients with T3/T4 tumors undergoing salvage
remains high and outcomes often poor for advanced stageurgery because of the absence of tumor in Itrating €DBcells
disease. Treatment of recurrent HNSCC is challenging beauin  60% of the patients and the absence of PDL1 expression
it is constrained by previous therapies that debilitate thegrdt jn more than 90% of the tumorsi¢). Although the lack of
and greatly modify the treatment eld. Additional treatm&for  immunogenicity of the tumor may play a role, the polarization
salvage impose signi cant morbidities with potentially l&tor  and phenotype of myeloid cells in Itrating the tumor and in
even detrimental, impact on outcom&)( The lower probability  cjrculation seems to be a major determinant. Indeed, anasésl
of long-term cancer control, combined with higher toxicitf  ratio between both monocytic or granulocytic myeloid dexdv
current treatment modalities in this setting (advancedgsta suppressor cells (MDSC) and lymphocytes in the periphery and at
recurrence at a fully treated site), often makes cure a Essal,  the tumor site is also emerging as an important predictivedact
or even unachievable, goal of patient care. For patients witfh the response to checkpoint inhibitors across di erent types
resectable recurrent tumor, Surgical salvage remains tse of ma|ignancies such as me|an0ma, HNSCC, and non-small-
line and often only available treatment in previously irraé@ cell lung and genitourinary cancerd22). Considering the
patients. Although the addition of Chemoradiotherapy as refact that MDSCs promote tumor growth not 0n|y by providing
irradiation to salvage surgery improved locoregional cohtr jmmune protection to the tumor but also by regulating tumor
and disease-free survival, no dierences were observed w#hgiogenesis and metastasi§, (24), safe therapeutic strategies
overall survival because of more treatment-related dedib&nt  aimed to inactivate, deplete, or convert these cells are yighl
metastases, and second primary tumors among the re-irrediat desirable to further build on the success of checkpoint irtoitsi
patients @). and extend the number of patients that may bene t fromimmune
The absence or the high morbidity of e ective adjuvanttherapeutic interventions. Indeed, in preclinical models,ithe
treatments in patients with advanced recurrent HNSCGCunctional inhibition is su cient to restore the e cacy of ati-
undergoing salvage surgery is the primary reason for thepl1 antibodies 5. Furthermore, MDSCs and macrophages
poor prognosis of this disease (44% 2 year recurrence-freg trating the tumor express PDL1 and often are the major
survival all stages)4), and clearly indicates the need for population in the tumor expressing this ligand9). Thus, it is
new treatments characterized by low morbidity pro les possible that strategies designed to eliminate/inhibit MDSf@
and improved e cacy. Cancer immunotherapy has becomemacrophages may even be su cient to reverse T cell exhaustion
widespread in recent years and is often used as rst line 0&nd promote tumor rejection.
treatment in both solid and hematological malignancés. ( PDES5 inhibition, via repurposing of drugs commonly used
Immune checkpoint inhibitors, in particular, have demonséd for the treatment of erectile dysfunction, is an emerging
considerable promise for the treatment of melanoma, nonexperimental option that has been and is being tested in
small cell lung cancer, and other cancef. (In recurrent dierent clinical trials to lower MDSCs and prime or unleash
HNSCC, only immune checkpoint inhibitors have proventhe spontaneous anti-tumor immune response. In our original
clinical e cacy in randomized phase lll trials with Nivolunia  preclinical works, we showed that the PDES5 inhibitor sildéna
(anti-PD1) being the only immunotherapeutic drug approvede ectively inhibits MDSCs by increasing cGMP and reducing
for platinum-refractory recurrent/metastatic  HNSCC7)(  their expression of arginase 1, Nitric oxide synthase 2, adéa
Despite this promising development, however, response rat@s mouse models of mammary carcinoma, colon cancer, and
of recurrent/metastatic HNSCC to Pembrolizumab (anti- brosarcoma @6). PDE5 inhibition was su cient to prime a
PDL1) or Nivolumab are low (16 and 16.9%, respectivelyypontaneous anti-tumor response, increase the number of tumo
(8, 9). The use of checkpoint inhibitors for recurrent HNSCC in Itrating T cells, and signi cantly decrease tumor prog&on
undergoing salvage surgery is currently being evaluated 1@6). Furthermore, in a lymphoma model, we demonstrated
determine whether immune modulation before and after sayge that tumor progression and the accumulation of tumor speci c
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Treg accumulation correlated with the expression of |e4iR MUCL1 has been identi ed by the NCI as one of the top
MDSCs @7). In this model, sildenal, by lowering MDSCs promising targets for cancer vaccingg), as it is present in most
activity, was su cient to inhibit IL4Ra expression on MDSCs, of T2-T3 HNSCCs, and its expression is associated with tumor
reverse T cell anergy, and reduce the number of tumor speci aggressiveness, lymph node metastases and a poor prognosis
Tregs Q7). These data were then independently conrmed(35-41). While in normal tissues MUCL1 is fully glycosylated
by di erent groups in colon carcinoma, spontaneous prostateand thus it is invisible to the immune system, in HNSCC this
cancer, melanoma, and metastatic mammary adenocarcinonteansmembrane protein is overexpressed and under-glycesylat
models £8-31). (3540). Importantly, MUC1 has been identi ed by a bead-based
In our previous double blinded, randomized, placeboa nity-fractionated proteomic method as the immune dominan
controlled, phasel/2, independent clinical trials in HNSCCantigen for CD4 and CD8T cells in 80% of patients with HNSCC
(NCT00894413, NCT008436353 33), Tadalal was given (42). Clinical trials performed with MUC1 vaccines in patients
daily pre-operatively for 14 (10 mg/day NCT00894413) omith cancer showed an excellent safety pro le with no sign of
21 (10 or 20mg, NCT00843635) days. In both clinical trialsautoimmunity or serious side e ects and encouraging results
Tadala | treatment was well-tolerated, with back pain andfal  for less immunosuppressed patients3{47). However, lack of
myalgias (all symptoms resolved within 48 h after treatmentesponse to the vaccine was observed in patients without cance
discontinuation) as a major side e ect in a small percentagéut with a history of premalignant lesions such as advanced
of subjects receiving the study drug. Analysis of cryopreseér colon adenomas and was further characterized by an elevated
PBMCs showed a signicant reduction in both monocytic concentration of MDSCs in the blood of non-responding patients
MDSCs and TregRupplementary Figures 1A,Bcon rming in  (47), suggesting a rationale for simultaneous PDEDS5 inhibifimn
humans B2, 33 the immunomodulatory activity of Tadalal lower MDSCs) and anti-MUC1 vaccination.
observed in preclinical model2§, 27). Treatment was also
associated with the reversal of systemic immunosuppression
shown by a signi cant increase of the DTH response to recaMATERIALS AND METHODS
antigens and upregulation of-chain on CD&T cells @2). .. . .
Furthermore, chronic PDES5 inhibition, signi cantly incesed Clinical Trial Schema and Patient
the anti-tumor T cell response evaluated by assessing tfenrollment
proliferation of magnetically puri ed CD3 T cells isolatedfbee A phase | clinical trial (NCT02544880) is being conducted
and after treatment to autologous dendritic cells pulsedhwit following the protocol approved by the IRB of the University of
the autologous tumor 3. At the tumor site, treatment Miami and under the IND 16403. Patients undergoing salvage
decreased MDSCs and Treg, and increased the numbseurgery with biopsy-proven, surgically resectable, recrre
of CD6FCTL and eector CD# cells 33. Interestingly, or second primary HNSCC of the oral cavity, oropharynx,
further data analysis suggested that these positive e ects/popharynx or larynx, recurrent stage IlI-IV, and whose
were maximized at intermediate drug dosage (range 145-22Bcurrent tumors were within a previously irradiated eld,
mg/Kg) possibly because of an o -target e ect of Tadala| on were eligible for the trial. We excluded patients with distant
PDE11 at higher dose38). However, despite these positive metastatic disease, those that underwent prior immunothgra
immunological e ects and the surgical resection of the tusior with checkpoint inhibitors, those that used PDES5 inhibitors i
Tadalal as monotherapy in a neoadjuvant setting, did notthe 2 weeks before enrollment, those with prior or known adeer
dramatically increase recurrence free survival in the teéa reaction to PDES5 inhibitors, those immunocompromised for
patients as revealed by our analysis of the NCT00843635 triasons not directly related to patients malignancy, anosth
(Supplementary Figure 1¢. for which the study drugs are not recommended based on other
Taken together these studies indicate that PDE5 inhibitiorclinical comorbidities. Additionally, to eliminate confading
positively modulates tumor immunity by reducing the systemi variables, we excluded patients with hepatitis -B, -C or Hidste
immunosuppression, by priming an anti-tumor immune with a history of severe autoimmune disease, female patients
response, and by increasing the in Itration of e ector T cellswho were pregnant or breastfeeding, or patients in vulnerable
in the tumor. However, to date, these studies have failed teubject categories. A complete list of inclusion and exctusio
demonstrate a dramatic clinical bene t of Tadala | treatmtén  criteria is provided inSupplementary Table 1 This phase |
cancer patients. trial was designed to accrue six evaluable patients as a lead-
Here we evaluate whether the combination of Tadala | andin for a three arm randomized phase Il trial comparing the
an anti-mucin (MUC) 1 vaccine with poly ICLC as adjuvant is combination treatment of Tadalal| and the anti MUC1/poly
safe and can reverse immune exclusion in patients with recirr  ICLC vaccine with single modality treatment of either Tadala
stage 3 and 4 HNSCC as an interim analysis of a phase | clinicat the anti-MUC1/polylCLC vaccine, in addition to a fourth
trial (NCT02544880). This trial is designed as a phase | leadion-randomized control arm of otherwise eligible patients
in in anticipation of a randomized phase Il trial to compare undergoing salvage surgery but unwilling to take studytesla
the combination of Tadalal and the anti MUC1/polylCLC drugs. The phase | lead-in and randomized phase Il trials were
vaccine with each therapy individually and in comparison withdesigned to allow accrual to the non-randomized control @aam
a non-randomized control group of patients undergoing saadi  begin during the phase | lead-in should eligible patients for t
salvage alone. control arm present during the enrollment period of the phase |
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in order to maximize accrual to the control arm for the phase lltests, and ANA test were performed at baseline, before each
trial. Eligible patients were enrolled to the non-randondzetive  treatment course and 14 days following course 4 and course 5,
treatment arm or as non-randomized controls after signihg t as well as 14 days following withdrawal from the study for othe
appropriate IRB approved informed consent. reasons such as recurrence or adverse event. Safety qunegts
Following enroliment, patients in the experimental groupwas completed between 5 and 12 days following vaccination
were treated with Tadala | for 19 days pre-operatively withiant in each treatment course. A nal safety questionnaire was
MUC1/poly ICLC vaccine given on day 7 of the Tadala | course administered at 24 months post-operative for those patients
Salvage surgery was performed 21 days following initiation alive. Patients were questioned regarding adverse evatiis w
Tadala I. Three additional courses of Tadala | of 14 day dtions  each follow up clinical evaluation for monitoring of theirroeer
with anti-MUC1/poly ICLC vaccine given on day 10 of eachstatus as per standard of care, including appropriate physical
course were completed at2, 4, and 6 months post-operative. examination to assess disease status. Follow-up imaging was
A nal anti-MUC1/ poly ICLC vaccine was given at 1 year post-performed as clinically indicated. A treatment limiting foity
operative. All patients were to be followed for 1 year beyored th(TLT) was de ned as any one of the following adverse events
end of course 5 or until withdrawn from the study for recuri@  (AEs) and was attributed ppssible, probable, or de nit¢o
TLT, death, or other reason. The study schema and ow chart ithe combination of Tadalal/Vaccine treatment. Treatment
diagramedrigure 1 discontinuation was required if a patient experienced a TLT.
For those patients assigned to the experimental grouplLTs included new or worsening autoimmune disorder Grade
enrollment was designed in a sequential fashion based upon2, allergic reactions Grade2 (Grade 2 drug fever considered
Treatment Limiting Toxicities (TLTs) occurring during thest ~ an exception), and any other Grade3 toxicity that in the
2 Courses of treatment, in a manner such that no more than ®pinion of the Investigator required discontinuation of siy
patients were allowed to have TLTs at the same time. At leasieatment. Exceptions included Grad@ transient myalgia, back
one of the rst 2 patients enrolled must have been evaluated fgpain, or reversible hypotension, all of which were not considered
TLT(s) up to the end of their Course 2 treatment, before pdtiena TLT if lasting< 5 days. Patients were considered evaluable for
3 could begin Course 1 treatment. Patient 3 was allowed tmbegsafety who received at least one dose of Tadala I, while patien
Course 1 treatment if the rst patient to complete evaluation fo were considered evaluable for TLTs who either experienced a
TLT's at the end of their Course 2 treatment did not experience LT up to the end of Course 2 or received all scheduled doses
a TLT. If neither patient 1 nor patient 2 experienced a TLT up toof treatment through completion of Course 2 without TLT.
the end of both of their completion of Course 2 then patient 4The Sylvester Comprehensive Cancer Center (SCCC) Data
was allowed to begin Course 1 treatment. These same conslitioand Safety Monitoring Committee (DSMC) monitored this
applied for patients 5 and 6 beginning their Course 1 treatmentlinical trial according to the Cancer Center's DSM Plan on a
(if no TLT was noted through completion of Course 2 for patientsquarterly basis.
1 and 2, and for either patient 3 or 4, then patient 5 would be
allowed to begin Course 1, if neither patients 3 nor 4 expegenc
TLT after completion of both of their Course 2 treatments thenSpecimen Collection
patient 6 may begin Course 1 treatment). On the other handlood ( 50mL) was drawn in EDTA-containing tubes at
if any patient experienced a TLT through the end of Course Ddaseline, at the day of surgery (after treatment); durirdata |
then all subsequent patients would begin Course 1 treatmeliyt o treatment on day 10/14 on course 2, 3, and 4; 15 days after
after all prior patients had completed Course 2 with no addiéibn treatment of course 4, and at course 5. Additional blood draw
TLTs identi ed. were performed at the exit visit either15 days after course
Study subjects were considered evaluable for phase | safétyor when a subject was withdrawn from the study because
analysis once they completed Course 2 or if they experiencexd recurrence, adverse events, or other reason. All specimens
a TLT prior to completion of Course 2. The phase | lead inwere processed within 2h of being harvested. Fresh tumor
was designed to accrue 6 evaluable patients for safety analyspecimen (at least 14 miywas collected at the time of de nitive
This safety analysis was planned following completion of Gaurstumor resection for tumor lysate preparation, and was proagsse
2 for the sixth evaluable study subject. An interim analysis owithin 1 h of harvesting. Additional specimens from avaikbl
preliminary immunologic endpoints of all subjects enrolledlie  pretreatment biopsy and surgery were paran-embedded
phase I trial inclusive of those non-randomized controlsated for immuno uorescence studies. For the control patients,
during this same time period was planned to coincide with theblood was harvested before surgery and in eventual follow
safety analysis. Results of these combined analyses (saflety ap visits.
immunologic endpoints) were to be utilized to inform a deoisi
whether or not to proceed with accrual to the randomized phase

Il trial. These results are presented below. Tadala | Trethment and Dose
o Tadala | (Cialis *, Eli Lilly) was purchased through the UM
Monitoring for Adverse Events clinical pharmacy and given orally g.d. at a weight-normexdiz

The NCI common terminology criteria for adverse eventsdose as follow: 10 mg/day if weigh63.5 kg, 15 mg/day if weight
(CTCAE3.0) were used to monitor toxicity. Laboratory>63.5kg and 104.3Kkg), or 20 mg/day for weight104.3 kg as
monitoring, including CBC, BUN, creatinine, liver function suggested in Weed et ak3).
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Vaccines and Immunization (clone SK1; BD), CD69-APC-Cy7 (clone FN50; BD), Foxp3-APC
Patients were immunized intramuscularly on day 7 of 20 in(clone 236A/E7; e-Bioscience), CD154-PE/Dazzle 594 @fbne
course 1, day 10 of 14 course 2—-4, and day 1 of 1 in course3; BioLegend). For the staining, 15® of whole blood or 5
against MUC1 and, when seasonally available, in uenza vaccin 105 colled PBMCs at 4C, were admixed with 123-counting
The MUC1 vaccine was composed ofrildof the MUC1 100 beads (e-bioscience) and the optimized antibodies cocfdail
mer peptide (H2N-5X(GVTSAPDTRPAPGSTAPPAH-CONH2,30" at 4C. Cells were washed with PBSand, lysed with 2ml
[2 mg/ml], kindly provided as a gift by Dr. O. Finn, University of ACK (Gibco) at RT for 15, washed twice with PBS, and
of Pittsburg) admixed with 251 of POLY-ICLC (Hiltonol®, [2  labeleled with LIVE/DEAD staining. For T cell staining were
mg/ml] provided by Oncovir at production cost) for total volume then xed and permeabilized and stained for Foxp3 using the

of 300m. Foxp3/Transcription Factor Staining Bu er Set (e-Bioscignce
The in uenza vaccine ublock, composed of recombinantand following the manufacturer's instructions. Samples weeglr
proteins, was provided by Protein Sciences Corporation. in the cyto uorimeter within 2 h of staining. At least 105 eus
were collected. Compensation was performed using compi-beads
Dendritic Cells Preparation (BD) after data collection. FMO were used as negative controls

Monocytes from freshly drawn PBMCs were isolated byData were analyzed using the FCS \d&npvasoftware). Gating
adherence in a T75 ask (BD) for 2 h in RPMI-1640 containingstrategy are summarized Bupplementary Figure 3

1% heat-inactivated human AB serum. Following washing

to remove non-adherent cells, the adherent monocytes wellUC1 IHC

di erentiated into DC with RPMI-1640 1% AB serum containing IHC was performed as described in Cascio et 4B).(Briey,
800 U/mL GM-CSF and 500 U/mL IL4 (Peprotech) for 5 daysdepara nized and rehydrated #m sections of tumor specimen
Fresh GM-CSF and IL4 was added on day 3. On day 5, immatusgere incubated for 15min at RT in a 30%®@,/methanol
DC were transferred into 24-well plates and pulsed with MUCIsolution (1:10) to block endogenous peroxidase activitideSI
peptide (10ng/mL) in RPMI-1640 1%AB serum supplementedwere washed 3 times with PBS 1X, antigens were retrieved
with GM-CSF and IL4. Two hours later, pulsed immature DCin 0.1% citrate buer pH 6 for 5at 12@. Sections were
were induce to mature by the addition of Mimic cytokine permeabilized in PBS-0.2% Tween20 (5'at RT)and incubatibd wi
mix [5ng/mL TNFa (Peprotech), 5ng/mL ILA (Peprotech), incubated PBS-2%BSA (20" at RT) to block non-speci ¢ binding.

750 ng/mL IL6 (Peprotech), andilg/mL PGE2 (Sigma)]. Samples were then incubated 1h RT with a 1:40 dilution in
) ) PBS 2% BSA of the anti Mucin 1 antibody that speci cally
Magnetic Sorting recognizes the underglycosylated, tumor speci ¢ form, of MUC1

CD3® T cells were puri ed by negative selection using the humar(VU-4H5, Santa Cruz Biotechnology). Slides were washed in

Pan T Cell Isolation Kit Il (Miltenyi Biotec) in combination PBS-0.2% TWEEN20 (5'at RT) and incubated for 1h with

with the LS column and following the manufacturer's insttion.  the biotinylated anti-mouse IgG secondary antibody (Vector

Purity was evaluated by FACS and was generally higher than 90&aboratories dilution 1:200 in PBS-BSA2%) and washed in PBS-
0.2% TWEEN 20 for 5'at RT. Slices were incubated with ABC

Functional Assays solution (Vector Laboratories) for 30'at RT washed, depetb

Magnetically puri ed, CFSE-labeled T cells ¥Lrom baseline with DAB substrate (BD Pharmingen).

(Course 1 before treatment), or from 15 days after Course 4

were incubated with 3 1P autologous, monocyte-derived, DC Image Cytometry

pulsed with the MUC1 peptide. T-cell proliferation was evaluated-our mm sections of tumor specimen were depara nized,

by ow cytometry 4 days later. rehydrated, and incubated for 30min at RT in a sodium
borohydride solution (0.5 mg/mL in PBS; EMDGibbstown,
Flow Cytometry NJ, USA) to reduce auto uorescence. Antigen retrieval was

Flow cytometry was performed on whole blood and freshlyperformed by a 5min incubation at 12C in EDTA antigen
colled PBMCs of patients at each time point. Data acquisitionretrieval solution pHD 9 (GIBCO Carlsbad, CA, USA). Slides
was performed on aBD LSRIl equipped with the followingwere then incubated with Image-iT (Invitrogen) for 30 min at
wavelengths lasers: 405 nm (50 mW), 488 nm (50 mW), 532 niRT followed by incubation (1 h at RT) with PBS containing 1%
(150 mw), and 640nm (40 mW). MDSC phenotype analysi8SA and 0.05% Triton-X100 to permeabilize the tissue andkbloc
was performed using Zombie Viol¢t Fixable Viability Dye non-specic binding. Samples were incubated O/N aCAwith
(BioLegend) and the following anti-human Abs: CD33-FITCthe primary antibodies diluted in PBS with 1% BSA. After three
(clone HIM3-4; BD), Lox1-APC (clone 15C4; BiolLegend)washes with PBS, samples were labeled for 2h at RT with the
CD124-PE (clone 25463; R&D Systems), CD14-APC-H7 (clonelevant secondary antibodies, counterstained in PBSaguing
M#P9; BD), CD15-BV711 (clone W6D3; BD), HLA-DR V5002 mM DAPI (Invitrogen), for 30min at RT, and rinsed with
(clone G46-6; BD), CD11b-BV605 (clone ICRF44; BD). TPBS. Coverslips were mounted using Biomeda gel mounting
cell analysis was performed using Zombie VibfetFixable media (Electron Microscopy sciences, Hat eld, PA, USA). The
Viability Dye (BioLegend) with the following antibodiesD3-  following primary antibodies were used: mouse monoclonal
Alexa Fluor 700 (clone OKTS3; eBioscience), CD247-PE (clorenti-human FOXP3 antibody (clone 237/E7, dilution 1/25,
6B10.2; eBioscience), CD4-BV711 (clone SK3; BD), CD8-BV6@bcam) and the goat polyclonal anti-human CD4 antibody,
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(dilution 1/20, R&D System). Rabbit polyclonal anti-humanrecurrence, and preliminary analysis of immunologic endpsint
CD33 antibody (dilution 1/15, Santa Cruz Biotechnologyan The results of this interim analysis are summarized in tleisart.
mouse monoclonal anti-human IL4Rantibody (clone 25463, Recurrence-Free Survival (RFS) was evaluated for RFS by-follow
dilution 1/15, R&D System). Rabbit polyclonal anti-humanup assessment(s) post-surgery as per routine care. RFS isde ne
CD8 antibody (dilution 1/30, Abcam) and goat polyclonal anti as the time from date of Surgery to the date of rst documented
human CD69 antibody (dilution 1/25, R&D System). Mouserecurrence. Recurrence was demonstrated by clinical assgtssme
monoclonal anti-human CD163 antibody (clone 10D6 dilution such as clinical examinations and tumor assessments (fyssib
1/100, Leica Biosystem) and rabbit monoclonal anti-hum&a P by CT, PET/CT or MRI. Patients under follow-up and those lost
L1 antibody (clone SP142, dilution 1/50, Abcam). As seconda to follow-up have been censored at the last date of documented
antibodies we used: Alexa Fluor-555 conjugated anti-mousecurrence-free status. Correlations were evaluated laysBe
antibody (for FoxP3, CD163 and IL4Ra, Invitrogen); Alexacorrelation analysis. Statistical analyses were conducsaty
Fluor-488 conjugated anti-goat antibody (for CD4 and CD69,SAS software version 9.2 (SAS) or Sigmaplot vs12.5.
Invitrogen); Alexa Fluor-555 conjugated anti-rabbit dady

(for CD8, Invitrogen); Alexa Fluor-488 conjugated antbhat RESULTS

antibody (for CD33 and PD-L1, Invitrogen) all secondary

antibodies were diluted 1/500 in PBS/BSA 1%. Stained sligiess w Underglycosylated Mucl Is a

scanned at 20X with an Olympus VS120 microscope (Olympusfumor-Associated Antigen Wide|y

using a DAPI CUBE 455 nm, a FITC (;UBE 518 nmand a TR',ngxpressed in Patients With
CUBE 580 nm. Images for each patient were exported as sin

channel ti les with OlyVIA software with a resolution of ecurrent HNSCC

5x and qualitatively evaluated with ImageJ (https:/jilsand ~ Underglycosylated MUC1 has been proposed as a tumor
processed with cell-pro ler (www.cellpro ler.com) and fedtm gssomated antigen in HNSCC, however, its expression
FCS Express 6 plus (https://www.denovosoftware.com/site/P| N recurrent HNSCC has not been analyzed. Thus, we

Overview.shtml). Detailed on image processing are provided jP€rformed IHC on the tumor specimens and each staining
Supplementary Materialsection. was independently scored from 0 (no staining) to 4 (strong

homogenous staining) by four experienced investigatorsresc
ELISA were averaged, and examples of staining and relative scores
are reported in Supplementary Figure 2 Underglycosylated
MUC1 was found expressed in most of the analyzed specimens

Immulon plates were coated with mg/well of MUC1 peptide whereas it was undetectable in the “normal” tissue surrongd
or recombinant in uenza proteins (Flublock) and incubated the neoplastic lesions={gures 2A,B. This analysis supports the

overnight at 4C. The next day, plates were washed and theﬁmtion_ of uno_lerglycosylated MUCT as a tumor speci ¢ antigen
incubated at room temperature (RT) for 1 h with blocking bu er N Patients with recurrent HNSCC. We next evaluated whether
(DPBS-BSA 2.5%). Blocking bu er was discarded andn$0 & preexisting immunity was present in these patients as well as
of plasma (diluted 1:40 in blocking bu er) was added to thein_ healthy donors. Anti-MUCL1 IgG antibodies_were signi cantl
plates (in duplicates) and incubated at RT for 1 h. After anothe Mdner in the sera of recurrent HNSCC patients compared to
washing step, 56 of diluted goat anti Human-HRP IgA; IgG one of age matched healthy controlﬁlggre ZC)_ suggestlng

or IGM secondary antibody (for MUC1) or a combination of the the presence of a memory response against this antigen. Tgken
three antibodies (HA) was added to each well, and plates wef@9ether, these data suggest that underglycosylated MUCL is an
incubated at RT for 1h. Plates were washed and arfio6f mmunogenic tumor speci ¢ antigen in recurrent HNSCC.

substrate solution (SIGMA-FAST p-Nitrophenyl) was added t .
each well and plates were incubated for 20 min at RT followed gTadaIa l'and MUCl/pOIleLC Vaccine Are

the addition of 5ami of stop solution (NaOH 0.5 M). Absorbance %/e”‘T()leratEd in Patients With Recurrent

1gG, IgA, and IgM levels were examined in the plasma o
patients for each time point as previously describéd.(Brie y,

was measured at 405 and 410 nm wavelength. HNSCC
o _ Although MUC1 vaccine and PDES5 inhibitors has been proven
Statistical Analysis safe when used as monotherapy in cancer patient the safety

Statistical analysis was performed in coordination with theof the combination of these two immunologic strategies has
statistical core at the Sylvester cancer center. Time cosgrar not been previously evaluated. Thus, we performed a proof of
within a treatment arm was assessed by pair¢dst or RM-  principle, phase | clinical trial (NCT02544880) with safetydan
one way ANOVA. Comparisons between treatment arms weranmunological endpoints in patients with recurrent stage 3an
done by two-samplé-tests or ANOVA, or by non-parametric 4 HNSCC undergoing salvage surgefRigure 1). As controls
methods, the Mann-Whitney or Kruskal-Wallis test. All testswe enrolled eligible patients willing to donate blood and tm
were two-sided with 5% signi cance statistical analysis. Arspecimen but unwilling to receive study drugs. This cohort of
interim safety analysis was planned after the 6th patient irspha patients was chosen because of the absence or the high mgrbidi
I completed Course 2 (of planned 5 treatment courses). Thisf e ective non-surgical treatments as alternatives to uadnt
interim analysis was planned to evaluate safety with atbertto  to standard of care salvage surgery, and the high recurnexiee
occurrence of TLTs, other AEs, as well as clinical data ssch &p to 70%) associated with salvage surgery alone in patietfits w
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recurrent, resectable, advanced staged HNSCC in a previousigt be relied upon given the small number of patients and
irradiated eld (49. Even a small trial in this population ongoing follow-up of the clinical trial. In summary, the study
might provide some insights regarding the clinical e cacy cohort of heavily pre-treated advanced recurrent-stagedoism
of an experimental treatment. Patient demographics, clinicahus far exhibits an expected high rate of recurrence. Thdystu
characteristics, and complete list of inclusion and exodlsi treatment has been well-tolerated with minimal side e ects.
criteria are reported irSupplementary Tables 1, .2

Inthis trial, patients received 4 courses of Tadala | (orallgl.)  Tadala | and MUC1 Vaccine Decrease

in association with MUC1/polyICLC vaccine (i.m. 1 week after, . .
each Tadalal treatment initiation). The rst course (19 yi) MDSCs and Treg in the Perlpheral Blood

was given in a neoadjuvant setting whereas course 2, 3, andd Restore the Expression of CD3  z-Chain
(14 days each) were givens, 12, and 21 weeks after salvagdn the CD8 €T Cells
surgery. One year after surgery (course 5), patients rettéiee  Longitudinal Immunomonitoring was performed
MUC1/polylCLC vaccine without Tadala I. on the peripheral blood to assess the changes
A total of 14 patients have been enrolled on this trial, 6 asn monocytic MDSC [mMDSC de ned as
control and 8 patients to the active treatment arm. Two patent CD33° IL4Ra® CD14°CD11*HLADR "= cells
on the active treatment arm were not evaluable for treatmen¢33)],  granulocytic  MDSC [gMDSC dened as
limiting toxicity (TLT) analysis. Subjects were evalugbleTLT ~ CD331L4RaCCD15°CD11°HLADR®"=  Lox1C cells §0)],
if they completed at least two courses of study drug or if theyand regulatory T cells (Treg de ned as CBGD4ACFoxp3 T
developed a TLT at any time prior to completion of coursecells) Supplementary Figure 3. Additionally, we evaluated the
2. One (subject 1-01) developed disease progression followiegpression of CDZ-chain in the CD& T cells since its down-
early tumor recurrence after lengthy recovery from surgaemg  regulation is associated with MDSCs activity, T cell apoptosis,
was withdrawn from the study without receiving course 2 stud disease stage, and worse prognosis in patients with HNSCC
treatment. The other patient was non-compliant with study(51-53). As expected, compared to age matched healthy controls,
drug administration and was withdrawn at the beginning of mMMDSC, gMDSC, and Treg were signi cantly increased in
course 1. Disease sites for 6 evaluable treatment patiesitgled ~ patients with recurrent stage 3 and 4 HNSCC whereas CD3
oral cavity @ D 2), oropharynx i D 2), and larynx § D  zchainin the CD& T cells Figure 3A) was downregulated.
2), while disease sites of control patients included oraitgav ~ Even before salvage surgery, Tadalal treatment (gray
(n D 4), oropharynx 0 D 1), and larynx @ D 1). Recurrent shadowed area) signi cantly lowered both MDSC subsets and
tumor summary stage for active treatment patients were IVIreg and increased the expression of CB%hain in the CD§ T
(n D 5) and Il (n D 1), while all control patient recurrent cells. These positive modulations were maintained during th
summary stage was IVn(D 6). Three of the 12 enrolled treatmentin course 2, 3, and Eigure 3B). Interestingly, 15 days
patients had p16 positive tumors consistent with HPV relatedafter Tadala | termination in course 4, an increased in gMBSC
malignancies, including 1 control and 2 treatment patie®8. and mMDSC and a decreasezthain expression was observed
patients were previously irradiated as per study protocol, With in many patients suggesting that active mechanisms of MDSCs
of 6 on the active treatment arm and 5 of 6 on the control armexpansion were still present even without any clinical detdeta
receiving chemotherapy with radiation therapy as part of theitumor (Figure 3B). Taken together, these results conrm a
prior treatment. bene cial action of Tadalal and possibly MUC1/polylCLC
A total of 27 grade 1 or 2 adverse events (AEs) wergaccine to the tumor macro-environment. However, these &sec
recorded in the 8 phase 1 patients who received any study druaye reverted upon treatment discontinuation, possibly sstigg
(Supplementary Table 3 and included ushing (1), headache the presence of a microscopic disease being present prior to its
(3), myalgia (1), nausea (1), vomiting (1), and an asymptaenat becoming clinically evident.
autoimmune disorder (1) as revealed by the development of We then evaluated the capacity of the patients to mount
anti-nuclear antibodies (ANA) while on treatment. The se¢j an immune response to tumor associated antigen (MUC1) or
was electively withdrawn from the active treatment arm o th unrelated antigens (recombinant u antigens, ublock vaue).
trial, and subsequent ANA testing of this subject has reagtrt To accomplish this aim patients that enrolled in the treatment
to normal. No TLTs were recorded in the 6 patients evaluablarm received the MUC1 peptide vaccine admixed to polylCLC
for TLT. One of 6 evaluable active treatment patients corggu as adjuvant (intramuscular in the right arm) and the ublock
to receive treatment on trial, having just completed courseraccine (intramuscular in the left arm when seasonallylatség)
4 with no evidence of recurrence. One of the remaining Son day 7 of course 1, on day 10 of course 2, 3 and 4, and on
active treatment patients completed all treatment courses buay 0 of course 5. Response to vaccines was evaluated by ELISA
developed recurrence in the second year of follow-up. One ajn the serum to determine the concentration of IgM, IgG, and
the remaining 5 active treatment patients was withdrawn fromlgA against the MUC1 or the in uenza antigens. The choice
the study due to the development of a positive ANA, with noof these assays was determined by their simplicity, HLA type
evidence of recurrence. The remaining three active treatme independence, and by the fact that the presence of IgG angisodi
patients developed recurrence prior to completion of all studyagainst a tumor associated antigen correlates well with the
courses. Thus, far overall recurrence free survival otéctand CTL responseX4). Longitudinal analysis of the treated patients
control patients is similar$upplementary Figure §but should reveals a higher titer of IgM or IgA antibodies against innza
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A Treatment schema phase 1
Course 1 Course 2 Course 3 Course 4 Course 5
Tadalafil Tadalafil 8-10 | ,Tadalafil 810 | ,Tadalafil 5.7 No
19 days qd 14 days qd weeks| 14 days ad | o [ 14 days qd months|  tadalafil
anti-MUC/ anti-MUC/ [—{ anti-MUC/ anti-MUC/ anti-MUC/
anti-influenza anti-influenza anti-influenza anti-influenza anti-influenza
vaccines vaccines vaccines vaccines vaccines
day 7/19 day 10/14 day 10/14 day 10/14 day 1/1
B Clinical trial flow chart
| eligible n=16 [ 2 screen failures (ANA*ab)
g{:ﬁl}l/llggutgo take willing to take study drug
= ; = Study exit
Control n=6 oo Enrolled in phase 1 n=8 reason
00
-21_{*drawn® v
days Course 1, 19 days tadalafil 1 non
vaccine day 7/19 compliant
(lj)lood n=7
[ Surgery | i :
9ey TO—‘ tumor> S“r%’ery > 1 dlsease
~2 months harvested  6-8 weeks y progression
Course 2, 14 days tadalafil
< blood vaccine day 10/14
drawn n=6
8-10 weeksy
~4.5 months =] blood . | COUrse 3, 14 days tadalafi
< 000 o vaccine day 10/14
rawn n=6 1 recurrent —
; « disease
7 h 8-10 weeksv ‘1 ide effect
MORHS =) Course 4, 14 days tadalafil (leeA?-agf_
¢ Plood | vaccine day 10/14
drawn n=4
blood it & ———P 2 recurrent
» 1in trial .
drawn EEEEEEE—
~5 months ¥ disease
< blood > Course 5, No tadalafil
drawn vaccine day 1/1 n=1
~12 months blood A A
v drawn®™ exitvisitn=5 <
FIGURE 1 | Flow diagram and design of the phase 1 study.

antigens in 5 out of 6 patients following vaccinatidtiqure 4A).  DCs pulsed with the MUC1 peptide or left unpulsed. CD8

In contrast, only two patients showed a signi cant immuneand CD4 T cell proliferation was evaluated 4 days later
response against the MUCL1 vaccirggure 4A). Interestingly, by ow cytometry (Figure 4B. Compared to baseline, an
the responses to the MUCL1 vaccine were observed only in thiecrease response to the relevant peptide (up to 2-3% of
patients that had not received chemotherapy in conjunctiothwi proliferating T cells within the CD4 or CD8 populations)
their radiation treatment for their original cancer treaemt prior ~ was detected after the 4 courses of treatment in 3 of the 4
to recurrence. evaluated patients.

To evaluate whether treatment could increase T cell Taken together these data suggest that Tadalal and
mediated immunity against MUC1, magnetically puried CB3 MUC1/polylCLC vaccine positively modulate the immune
T cells, harvested before treatment initiation (C0O) and 2system systemically in patients with recurrent HNSCC
weeks after course 4 (C4), were stimulated with autologousndergoing salvage surgery. However, a strong memory
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FIGURE 2 | Underglycosylated MUC1 is a common tumor speci ¢ antigen in tgage 3/4 recurrent HNSCC.(A) MUC1 was evaluated by IHC on slides from the tumor
specimens of enrolled patients(B) Tumors and surrounding “normal” tissues were scored from 0d 4 independently by four investigators based on the stainm
intensity and extension, and individual scores averaged.xamples of different scores are reported irSBupplementary Figure 2 . (C) ELISA for MUC1 speci ¢
antibodies was performed on the sera of healthy donors or entled patients at baseline.

IgG immune response against underglycosylated MUC1 ifigure 5B and Supplementary Figure % Similarly, a lower
detectable only in a fraction of the patients. concentration of Tregs with nuclear FoxP3 was found in the
tumor of treated patients compared to controls whereas no

di erences were detected in the naive (CtRoxp3 cells)
Tadala | and MUCl/ponIC Treatment or poorly activated [CD%cells with cytoplasmic Foxp3

Lowers MDSCs and Treg at the Tumor Site (55 56)] CDACT cells Figure50. Conversely, a higher

and Reverse Immune Exclusion number of CD§ T cells were found in the tumor of treated
Immuno uorescence based image cytometry was employepatients compared to the controls whereas no dierences
to determine the e ect of treatment at the tumor site both were found in the tumor edge and in the surrounding
objectively and topographically Sgpplementary Figure 3.  normal tissue Figure 5D and Supplementary Figure 4
Briey, slides from the surgical specimens were stained téurthermore, analysis of CD69 indicated a signi cantly hégh
identify CD3FIL4RaCMDSCs 33, CD4&A Treg expressing expression of this early activation marker in the Ciaglls
Foxp3 in the nucleus5©), or activated CD8CD6Y T cells. (Figure 5E and Supplementary Figure 4F of the treated
Stained slides were acquired with a high resolution micaoser, patients compared to controls. Interestingly, the expression
processed with cell-pro ler to identify each individual cedind of CD69 signi cantly correlates with the MUC1 expression in
fed into FCS-image express to enumerate the cell of interekt athe same specimen determined by IHC in the treated patients
the expression of a particular protein. This process allowed fovhereas no correlation was observed in the untreated cétro
analysis of 19810° cells inside the tumor, at the tumor edge, (Figure 5F. This suggests that despite the poor immune
and in “normal” adjacent tissue as de ned by an experiencedesponse against MUC1 detected in most patiektgyre 4), an
pathologist in serial H&E slides. Compared to the untreatedmmune response against this tumor associated antigen hes be
controls, CD381L4Ra®MDSCs were signi cantly lower inside primed and resulted in the in Itration of activated CTL at the
the tumor in the treated patientsF{gure 5A), whereas no tumor site.

di erences were found at the tumor edge or in the “normal” Taken together, these results indicate that Tadalal and
tissue nor in the total number of CD&3L4Ra myeloid cells  polylCLC/MUC1 vaccine reshape the tumor microenvironment,
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FIGURE 3 | Tadala | and MUC1/polylCLC vaccine lowers circulating MDSCsrad Treg and restores the expression of CDZ-chain expression on CD8T cells(A)
mMDSC, gMDSC, Treg, and the expression of CDZ-chain expression on CD8T cells was evaluated by multicoloow cytometry on fresh blood of the enrolled
patients or on age matched healthy donors. SeeSupplementary Figure 3 for gating strategies. Leukocyte subsets were enumerated ith “123 beads” Two ways
T-test value are reported.(B) The same subsets as in A were evaluated longitudinally in thgatients enrolled in the treatment arm. The gray area corrg®nd to the
Tadala | treatment. Signi cant Paired T-test value are indicated.
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FIGURE 5 | Tumors from patients treated with Tadala | and MUC1/polyICLC &ccine show a lower in Itration of MDSCs and Treg and a highemiltration of activated
CD8 in the tumor bed. Computer based image cytometry was pedrmed to enumerate the number of(A) MDSC, (B) IL4ARa myeloid cells,(C) CDA4CT cell subsets,
or (D) CD8CT cells. (E) CD69 expression within the CD8 is reported normalized on th€D69 expression on all the cells evaluated. Depending on theegion of interest
evaluated, at least 18-108 cells were analyzed(F) The expression of CD69 in CD8T cells was plotted against MUC1 IHC score of the correspondig tumor. Two
ways T-test and relevant pearson correlation parameters are repted.

lowering the immune suppressive populations and increasing thie this high risk population Supplementary Figure § We
number of activated T cells. thus evaluated whether the higher number of activated T cells
in the tumor may elicit additional mechanisms of immune
escape. Indeed, in HNSCC as well as in other malignancies
) IFNg released by CO8T cells was shown to upregulate
and MUC1/polylCLC Vaccine Promotes PDL1 on neoplastic cells5{-59. We thus evaluated the
PDL1 Expression on CD163 Cells expression of the checkpoint molecule PDL1 and the macrophage
Notwithstanding the limited number of treated patients, andmarker CD163 by image cytometry in the tumor of the
despite the positive changes in the tumor microenvironmentenrolled patients. In the control untreated patients, PDL1 was
the priming of an immune response against a tumor associateiostly conned in CD16§ macrophage at the tumor edge
antigen, and the removal of all the tumor mass by salvageesyyg Whereas tumor and normal surrounding tissues expressed low
we did not observe a dramatic reduction of tumor recurrencdevel of this protein Eigure 6A and Supplementary Figure 7.

Reversion of Immune Exclusion by Tadala |
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FIGURE 6 | Tadala | and MUC1/polylCLC vaccine treatments modulate the epression of PDL1 in the tumor microenvironment. The expressn of PDL1 within the
CD163C (A) or the CD163 cells (B) was quanti ed by image cytometry in the tumor, at the tumor edg, or in “normal” surrounding tissue in the tumor specimen ém
the control (black lled circle) or Tadala | and MUC1/polylCLC accine treated (gray lled circle) patients. Two wayl -test p-value are reported.(C) Correlation between
the expression of CD69 in the CD& T cells and PDL1 expression on the CD163 cells. (D) Summary of the one way RM ANOVA analysis.

Conversely, in the treated patients CD¥62DL1° macrophages suggesting the instauration of a T cell dependent mechanism of
were signi cantly lower in the tumor edge and at concentoati PDL1 upregulation and immune escagedure 6C).

levels similar to that of the surrounding tissuéigure 6A These data suggest that the bene cial activity of Tadalal
and Supplementary Figure J. However, PDL1 expression at and MUC1 vaccine might be hindered by this corresponding
the tumor edge of the treated patients did not dier from upregulation of PDL1. Indeed, KMplotter analysis [KMplot.com,
that of the control patients because of an increase of thi§50)] on RNAseq data from 499 patients with HNSCC reveals
inhibitory marker in the CD163cells Figure 6B). Indeed, the that the expression of CD8a and CD69 mRNA in the tumor well-
intratumoral expression of PDL1 was signi cantly higher in correlate with improved survivalRigure 7). Addition of PDL1
treated patients than in the control patients and con ned nigst (CD274) to the gene signature interrogated, drasticaltuoed

in the CD163 cells Eigure 6B and Supplementary Figure J.  the bene t of a higher in ltration in the tumor of CD& CD6Y"
Interestingly, the level of expression of PDL1 directly etated cells. No negative e ects were noted when only expression of
with the expression of CD69 on the tumor in ltrating Cl¥ells, CD274 was evaluated.
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FIGURE 7 | PDL1 expression limits the bene cial prognostic value of CD&and CD69 in the tumor. KM plotter analysis (kmplot.com) waperformed on tumor RNAseq
data from patients with HNSCC D 499, all tumor stages) using the mean expression of the indated genes with weightD1 and auto select best cutoff selected.

DISCUSSION in these trials, the positive immunomodulatory actions of
PDES5 inhibition were associated with no clinical benets
This phase 1 clinical trial, designed in patients with(Supplementary Figure ), although disease stabilization was
recurrent HNSCC undergoing salvage surgery to evalualeported for few patients in the melanoma trial and in case
the safety of combining chronic PDES5 inhibition to reversereports ¢4, 65).
tumor-induced immunosuppression, and MUCL/polylCLC  Most of the bene cial immunomodulations of Tadala |
immunization to prime a tumor specic immune response, are con rmed in our ongoing phase 1 clinical Trial. Indeed,
seems to conrm the previous clinical evidence indicatingtreatment was associated with a reduction of mMDSC and
bene cial actions for these two interventions in patientsth/vi Treg in the blood and at the tumor Site’ an increase in
malignancies. Indeed, initial case reports indicate antamor  the expression of CDB3chain at the tumor site and a
aCtiVity of PDE5 inhibition in patients with Waldenstrom's h|gher in ltration of activated CD§ T cells at the tumor
macroglobulinemia §1), B-cell chronic lymphocytic leukemia sjte Figures 3 5).
(62, and penile cancer6Q). Tadalal was successfully used  After conrming MUC1 as a tumor specic antigen in
to treat a patient with end-stage relapsed/refractory mutipl recurrent HNSCC Figure 1), for the rst time we evaluated the
myeloma (4), generating a dramatic and durable anti-myelomasafety and immunological potential of combining the MUC1
immune response and clinical response with associategeptide/polylCLC vaccine with Tadalal treatment. Despite
transfusion independence and improvement in quality of hding a detectable IgG immune response in only 2 of
life (64). the 6 treated patientsF{gure 4A), the combined treatment
Clinical trials are being performed in colorectal cancerseems to increase T cell reactivity to MUC1 (2—-3% of T cell
(NCT02998736),  Glioma  (NCT01817751),  abdominaproliferation within the CD4 or CD8 gates to the relevant
malignancies  (NCT02998736), advanced solid tumorpeptide) in most of the evaluable patients after 4 treatment
(NCT02466802),  pancreatic ~ cancer  (NCT01342224}ourses Figure 4B), and a signi cant correlation was found
myelodysplastic syndrome (NCT03259516), multiple myelom@etween the activation of tumor in ltrating lymphocytes and
(NCT01858558), metastatic melanoma (EudraCT-No: 201ImyC1 expression in the tumorRigure 5). Notwithstanding
003273-28), and Head and Neck squamous cell carcinomfie low number of patients evaluated, taken together, these
NCT02544880). To date, data are available only for our tw@atients with MUC£tumors. Notwithstanding the low number
previous clinical trials in HNSCC and for a dose escalating)f patients evaluated, taken together, these data suggest a
open label clinical trial in progressive metastatic melanomgossible priming of MUC1 immunity in most patients with
(69). In these trials, chronic tadala | treatment lowered MDSCspmuUC1Ctumors.
and Treg in the blood and at the tumor site33, 33 65), The combined treatment of Tadala | and MUC1 vaccine was
restored the immune response to recall antigens?),( well-tolerated with no serious side e ects, and no treatment
enhanced the expression of CD&chain in CDE&T cells |imiting toxicity observed. One subject was withdrawn frane
(39, primed/enhanced the tumor specic immune responsestudy for the development of an asymptomatic autoimmune
and increased the number of tumor inltrating T cell39.  disorder as determined by the detection of anti-nuclear
However, notwithstanding the low number of patients enrdlle antibodies while on treatment. Subsequent ANA testing in
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this subject did revert to normal, with no clinical signs of the e cacy of Tadalal and vaccine based immunotherapy is
autoimmunity detected at any time during treatment or further supported by the analysis of public RNAseq database.
after treatment discontinuation. The ANA test was selectedhese analysis indicates that the bene cial prognostic role of
as a screening tool for autoimmune disease for this trialthe CD8CD69 signature in HNSCC is partially decreased by
with a positive ANA test considered an exclusion criteriaPDL1 expression.
for enrollment. It should be noted that a total of 5 subjects Taken together, the interim analyses of this phase 1 clinical
otherwise eligible for enrollment in the phase | trial weretrial indicate that the treatment combination is safe and
excluded because of an asymptomatic positive ANA. Whilevell-tolerated, can reverse immune exclusion, but can also
the study subjects development of a positive ANA while orpromotes PDL1 upregulation. The latter nding provides a
treatment was interpreted as a potential sign of a treatmentechanism by which the proposed treatment combination may
induced asymptomatic autoimmune disorder, and thehave o setting immunologic outcomes. As such, a decision has
subject was withdrawn from further treatment accordingly,been made to suspend accrual to the randomized phase Il
this signi cant incidence of asymptomatic positive ANA trial as designed given this potential limitation in experime
in this patient cohort also raises the possibility that thistreatment e cacy. Instead, a new combinatorial interveorti
nding may have been unrelated to the study intervention.is being explored that conjugates salvage surgery, inbibiti
Regardless, the combined immunologic interventionf PDES5, priming of an anti-tumor immune response, and
of this trial did not result in any clinically symptomatic checkpointinhibition.
autoimmune disease.

While this phase | study was not designed to demonstratbATA AVAILABILITY
clinical e cacy of the study drug combination, the very poor
prognosis and the expected high recurrence rate of the patien datasets generated for this study are included in the
cohort studied provided for the potential identi cation ofinical  anyscript and/or theSupplementary Files
e cacy should adramatic clinical e ect be demonstrated. Pis
complete surgical extirpation of tumor and the addition of PBDE
inhibition and MUC1/PolylCLC vaccination, however, no such

dramatic clinical bene twas detecte! lementary Figure . . . .
. 8dpp =rary g ﬁ. This study was carried out in accordance with the
This prompted us to evaluate whether additional mechanisms . - .
. . ecommendations of the Protocol Review Committee of
of immune escape were induced after reversal o . . .
. . he Sylvester Comprehensive Cancer Center of the University o
immune exclusion. o - .
Evaluation of PDL1 expression on macroohages and OrI\]/I|am| Miller School of Medicine and as reviewed and approved
b bhag under IND 16403 by the Food and Drug Administration, with

CD163 negative cells at the tumor site via image cytometry . . . .
suggest that while Tadalal and/or polylCLC vaccine are\y/vrltten informed consent from all subjects. All subjectsvga

S . written informed consent in accordance with the Declaratimin
e ective in reducing PDL¥macrophage at the tumor edge, the L . .
. - Helsinki. The protocol was approved by the Institutional Review
increase of CDE9T cells within the tumor promotesHigure 5) Board of the University of Miami
the expression of this inhibitory molecules on CD1@ells y '
(Figure 6). Indeed, a prominent role of activated T cells secreting
type 2 interferon is emerging as inducer of PDL1 in neoplastdUTHOR CONTRIBUTIONS
cells 67-59). For example, cisplatin and IFj\have been shown ) o )
to upregulate PDL1 on cell lines of HNSCEF and the secretion DW designed the study, oversaw the clinical trial and all
of this cytokine by activated CTL at the tumor site play a kegro the regulatory aspects, performed the salvage surgery, wrote
in the upregulation this checkpoint molecules in gastric eanc the paper and interpreted the data. SZ performed the ow
cells 67). In line with these observations we did nd anintriguing @nd image cytometry experiments and analyzed the data. IR
correlation between the expression of CD69 in CTL at the tumoProvided the statistical support and analyzed the data. ZS and
site and the expression of PDLEigure 6). FC helped with patient enrollments and performed salvage

It is important to note that our phase 1 study is limited Surgery. MA helped with the patient follow up of our former

by the low number of patients enrolled, by the open labeflinical trial and with initial observation of PDL1 expressi
single arm design among the treated patients, by the absen&&-F provided the pathologic expertise. CR helped with blood
of randomization between the control and treated patientsProcessing and IHC analysis. PS designed the study, the immune
and by the fact that the design of this phase 1 lead-ifmonitoring assays, analyzed and interpreted the data andewrot
clinical trial does not allow for the discrimination betwee the paper.
the immunological e ects of Tadala| and the immunological
e ects of the MUC1/polyICLC vaccine. Notwithstanding theseFUNDING
limitations, however, to our knowledge this trial provideset
rst evidence that the combination of Tadala | and the anti- This work was possible by the support of Sylvester Cancer Center
MUC/polyICLC vaccine can reverse immune exclusion but alsalinical trial accelerated grant and the Sylvester Cancarté
promote the upregulation of PDL1 as additional mechanism&NIH Bridge award awarded to DW and PS, and the Alpha Omega
of tumor escape. The notion that PDL1 upregulation may limitAlpha Postgraduate Award awarded to MA.
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