
Figure 5. RepresentaƟ ve mulƟ spectral IHC images of 

intratumoral immune subsets at screening and at EOS 

in 3 paƟ ents (inset tables show quanƟ taƟ on of images)

*Divide by zero. 

DAPI, 4’,6-diamino-2-phenylindole; EOS, end of study; FoxP3, forkhead box P3; IHC, immunohistochemistry; PD-L1, programmed cell death protein 

1 ligand 1; S, screening.

� Plasma analysis of cytokines involved in the 

diff erenti ati on, intratumoral accumulati on, and 

acti vati on of T cells and other immune cells revealed 

a subtle increase in their levels during treatment 

with TAVO™ in treated patients (Figure 6).

Figure 1. Study design
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Key eligibility criteria
•
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Primary endpoint:

One pati ent was retreated with TAVO™ following completi on of the study endpoints and completed 3 additi onal retreatment cycles.

C, cycle; D, day; EOS, end of study; ER, estrogen receptor; PR, progesterone receptor; TAVO™, intratumoral interleukin-12 plasmid 

administrati on followed by electroporati on; TNBC, triple-negati ve breast cancer.

� Tavo was injected intratumorally at a concentrati on of 

0.5 mg/mL at a dose volume of ~¼ of the calculated 

lesion volume with a minimum dose volume/lesion of 

0.1 mL for lesions of volume <0.4 cm3.

� An applicator ti p containing either a 1.0-cm or 0.5-cm 

diameter array of 6 stainless-steel needles was co-

localized at the site(s) and depth of plasmid injecti on 

and 6 pulses at a fi eld strength of 1500 volt/cm and pulse 

width of 100 μs at 300-msec intervals were delivered.

ASSESSMENTS
� For changes in the proporti on of intratumoral 

lymphocyte subsets, paired tumor biopsy samples 
were quanti tati vely analyzed using a multi -spectral 
quanti tati ve immunohistochemistry (IHC) method 
with PerkinElmer’s Vectra® IHC plaƞ orm, as well as 
chromogenic IHC.

� Analysis of NanoString-based gene expression profi les 
was performed using NanoString’s nCounter® Immunology 
Panel (Human V2). Plasma cytokine levels were detected 
using the Luminex® MAGPIX® plaƞ orm (Human High 
Sensiti vity T Cell Magneti c Bead Panel; 15-plex).

� Changes in peripheral immune subsets were assessed 
using fl ow cytometry.

� Adverse events (AEs) were recorded using the Nati onal 
Cancer Insti tute Common Terminology Criteria for 
Adverse Events v4.0. Pain assessment was performed 
using a 0–10 numeric pain-rati ng scale.

PATIENT VIGNETTES

� Representati ve TNBC histories of 2 pati ents enrolled in 

the study are shown in Figure 2.

Figure 2. RepresentaƟ ve paƟ ent TNBC history
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AC, anthracycline-cyclophosphamide; ALN, axillary lymph node; ALND, axillary lymph node dissecti on; AUC, area under the curve; BID, twice daily; 

CT, computed tomography; D, day; FDG-PET, fl udeoxyglucose (18F) positron emission tomography; LN, lymph node; PD, progressive disease; po, 

orally; q, every; SD, stable disease; TNBC, triple-negati ve breast cancer; XRT, radiotherapy.

Figure 3 (cont). RepresentaƟ ve paƟ ent images pre- 

and post-treatment with TAVOTM and nivolumab

August 14, 2017 
• 

TAVOTM days 1, 5, 8

September 21, 2017
• 
Nivolumab IV 
q 2 weeks

May 7, 2018
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Study OMS-I140

December 14, 2017
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Bx, biopsy post-chemoradiati on; D/C, disconti nued; IV, intravenous; PD-1, programmed cell death protein 1; q, every; TAVO™, intratumoral 

interleukin-12 plasmid administrati on followed by electroporati on; XRT, radiotherapy.

PROINFLAMMATORY MOLECULAR AND 
HISTOLOGIC SIGNATURE

� From screening to end of study (EOS), changes were 

detected by chromogenic IHC in the proporti on of 

intratumoral CD8+ lymphocytes in the treated lesions 

(Figure 4).

Figure 4. EnumeraƟ on of intratumoral CD8+

lymphocytes at screening and at EOS in all treated 

paƟ ents by chromogenic IHC
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*
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*Pati ent 1: value at screen = 0%.

EOS, end of study; IHC, immunohistochemistry.

� Changes in the proporti on of intratumoral lymphocyte 

subsets were also recorded by multi spectral IHC 

(Figure 5).
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INTRODUCTION

� Triple-negati ve breast cancer (TNBC), which consti tutes 

~15% of breast cancer diagnoses in the United States,1

is associated with an increased risk of recurrence and 

a more aggressive course in the metastati c setti  ng 

compared with other breast cancer subtypes.2

� Pati ents with advanced and recurrent TNBC have limited 

treatment opti ons. The only current standard of care 

is cytotoxic chemotherapy, which leads to a median 

survival of ~13 months from the ti me of recurrence.3-5

� Recent data suggest that some pati ents benefi t from 

therapies targeti ng the anti -programmed cell death 

protein 1 (PD-1)/PD-1 ligand 1 (PD-L1) axis.6-9 However, 

this treatment has shown limited success in poorly 

immunogenic tumors.

� Thus, combinati on therapies that promote the presence 

of CD8+ tumor-infi ltrati ng lymphocytes (TILs) and/or 

upregulate PD-L1 expression are required to increase 

response rates to these therapeuti cs.

� Intratumoral injecti on of plasmid interleukin (IL)-

12 (tavokinogene telseplasmid; tavo) followed by 

electroporati on (collecti vely, TAVO™) is a gene therapy 

approach that drives local expression of the pro-

infl ammatory cytokine  IL-12, with minimal systemic 

immune-related toxicity.

– Via this mechanism, TAVO™ can convert poorly 

immunogenic/low-TIL TNBC tumors into highly 

infl amed, immunologically acti ve lesions

OBJECTIVES

PRIMARY OBJECTIVE

� Evaluate the potenti al of intratumoral treatment with 

TAVO™ to promote a proinfl ammatory molecular and 

histologic signature.

SECONDARY OBJECTIVE

� Evaluate safety and tolerability of TAVO™.

METHODS

STUDY DESIGN AND INTERVENTION

� OMS-I140 is a phase 1 non-randomized, open-label 

study of TAVO™ in pati ents with inoperable locally 

advanced, metastati c and/or treatment-refractory TNBC 

(NCT02531425). 

� Eligible pati ents had pre-treated TNBC and at least 2 

anatomically disti nct cutaneous or subcutaneous 

lesions accessible for injecti on and electroporati on, 

with or without other regional or distant metastases.

� TAVO™ was administered intratumorally on days 1, 

5, and 8 of a single 28-day cycle into accessible tumor 

lesions (Figure 1). At least 1 lesion remained untreated.

� One tumor biopsy was obtained at screening and 2 

biopsies were obtained post-treatment on day 28 of 

both treated and untreated lesions.

� A subset of pati ents went on to receive anti -PD–1 

monotherapy as their immediate next treatment.

RESULTS

PATIENTS

� As of November 1, 2018, ten pati ents have completed 

study therapy. Demographics and baseline characteristi cs 

are summarized in Table 1.

� The TAVO™ dose delivered per pati ent per day ranged 

between 0.3–20 mL.

Table 1. Demographics and baseline characterisƟ cs

CharacterisƟ c All paƟ ents

(N = 10)

Age, years

Mean

Min–max

61 

35–84

Age group, n (%)

<65 years

≥65 years

5 (50) 

5 (50)

Sex, n (%)

Male

Female 

0 (0) 

10 (100)

Race, n (%)

Caucasian

Asian

6 (60)

4 (40)

Distant metastases at enrollment, n (%) 7 (70)

max, maximum; min, minimum.

� Representative images of Patients 4 and 5 pre- and 

post-treatment with TAVOTM and nivolumab are 

presented in Figure 3.

Figure 3. RepresentaƟ ve paƟ ent images pre- and 

post-treatment with TAVOTM and nivolumab
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Figure 6. Plasma levels of anƟ tumoral cytokines A) at screening and EOS in all evaluable paƟ ents, and B) at 

screening, on C1D8, C1D15, at EOS, on rC1, rC2, and rC3 in paƟ ent 5 (longitudinal plasma analysis)
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*p < 0.05. 

BLOQ, below limit of quanti fi cati on; C, cycle; D, day; EOS, end of study; IL, interleukin; r, retreatment; TNF, tumor necrosis factor.

� A treatment-related upregulati on of immune-based transcripts in the tumor microenvironment was observed in 

matched biopsies of treated tumors (Figure 7).

Figure 7. Volcano plot depicƟ ng results from transcripƟ onal analyses of lesion-matched 
biopsies collected at screening and treated EOS lesions (n = 5)

� Longitudinal analysis of changes in levels of various peripheral immune subsets showed an increase in anti tumoral 

immune subsets following treatment in a representati ve pati ent (Figure 8).

Figure 8. Longitudinal analysis of changes in levels of peripheral immune cell subsets throughout the study in paƟ ent 
5: A) visualizaƟ on of immune subsets by fl ow cytometry, B) quanƟ fi caƟ on of immune subsets throughout the study
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SAFETY

� Treatment-emergent AEs are shown in Table 2.

Table 2. TEAEs recorded in all treated paƟ ents (N = 10)

MedDRA preferred term, n (%) Grade 1 Grade 2 Grade 3

Abdominal pain upper 1 (10)

ALT increased 1 (10)

Anemia 1 (10)

Applicati on site pain 1 (10)

AST increased* 1 (10) 1 (10)

Axillary pain 1 (10)

Blood ALP increased 1 (10)

Blood LDH increased 1 (10)

Bone pain 1 (10)

Breast pain 1 (10)

Contusion 1 (10)

Decreased appeti te 1 (10)

Diarrhea 1 (10)

Dizziness 1 (10)

Fall 1 (10)

Fati gue 1 (10) 1 (10)

Headache 1 (10)

Hypercalcemia 1 (10)

Hypoalbuminemia 2 (20)

Neck pain* 1 (10) 1 (10)

Neuropathy peripheral 1 (10)

Oropharyngeal pain 1 (10)

Pain 8 (80)

Pruritus 1 (10)

Tremor 1 (10)

Vision blurred 1 (10)
*The same pati ent experienced both a grade 1 and grade 2 event.
Only TEAEs that started aft er the fi rst study drug administrati on are included.
Pati ents experiencing muti ple events under the same grading are only counted once.
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; LDH, lactate dehydrogenase; MedDRA, Medical Dicti onary for 
Regulatory Acti viti es; TEAE, treatment-emergent adverse event.

� Reported treatment-related AEs included pain 
associated with electroporati on (grade 1) in 9 pati ents 
and fati gue (grade 1), pruritus (grade 1), and tremors/
involuntary shaking (grade 1) in 1 pati ent each. The AE
of tremors was experienced 3 ti mes by the same pati ent.

� Median pain score (range 0–10) immediately aft er 
treatment was 2 (range 0–10) and 5 minutes post-

treatment was 1 (range 0–7).

CONCLUSIONS

� Treatment-related increases in CD8+ TIL density were 
observed in 4 of 10 heavily pre-treated pati ents.

� Following 1 cycle of TAVO™, a modest post-treatment 
increase of eff ector cytokines was detected in plasma; 
upregulati on of immune-related gene expression was 
also observed in treated lesions.

� Treatment-related increases of cross-presenti ng 
dendriti c cells and short-lived eff ector cells were 
observed in some pati ents. Levels of anti tumoral 
immune subsets increased by EOS.

� Our data suggest that TAVO™ is a safe and tolerable TIL-
sti mulati ng therapy in TNBC.

� Responses to anti -PD–1 monotherapy were observed 
following TAVO™ treatment. Notably, 1 pati ent who 
had no objecti ve response to atezolizumab and 
chemotherapy responded to nivolumab following 
TAVO™ treatment.

� A phase 2 study of TAVO™ in combinati on with 
pembrolizumab in pretreated metastati c TNBC has 
been initi ated (poster #OT2-06-03).

Stains: PD-L1, CD8, FoxP3, CD3, CD163, Tumor, DAPI

A matched lesion represents the same lesion 

pre- and post-treatment with TAVO™. 
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Table 1. Key patient eligibility criteria

Key exclusion criteria

Additional malignancy that is progressing or requires active treatment (except 
basal or squamous cell carcinoma of the skin or in situ cervical cancer)  

Clinically active CNS metastases or any nonmeasurable bone-only metastases

Use of electronic pacemakers and defibrillators

Known history of HIV (HIV 1/2 antibodies), active hepatitis B or C, or 
interstitial lung disease

Diagnosis of immunodeficiency, active infection requiring systemic therapy, use 
of chronic systemic steroid therapy or any other form of immunosuppressive 
therapy within 7 days prior to the first dose of study drug

Live-virus vaccination within 30 days of first treatment dose, active infection 
requiring systemic therapy, or severe hypersensitivity (grade ≥3) to anti–PD-1 
therapies

Known psychiatric or substance abuse disorders that would interfere with 
cooperation in the study

Participation in another clinical study of an investigational agent or usage of 
an investigational device within 30 days of screening

CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group performance status; EP, electroporation; FISH, fluorescence in 
situ hybridization; HER2, human epidermal growth factor receptor 2; HIV, human immunodeficiency virus; IHC, immunohistochemistry; PD-1, 
programmed cell death protein 1; RECIST, Response Evaluation Criteria In Solid Tumors; TNBC, triple-negative breast cancer.

• In Stage 1 of the study, patients will be treated with 0.5 mg/mL TAVO™ to 
the accessible lesions on days 1, 5, and 8 every 6 weeks, and with 200 mg IV 
pembrolizumab on day 1 of each 3-week cycle for 27 weeks (Figure 2). The 
effect of the combined therapy will be evaluated at the end of 24 weeks of 
treatment on day 1 of cycle 9. 

 – Intratumoral tavo will be injected at a dose volume of approximately ¼ of 
the calculated lesion volume, with a minimum dose volume per lesion of 
0.1 mL for lesions of volume <0.4 cm3

 – The OncoSec Medical Electroporation Therapy System (OMS) will be 
placed into or around the injected tumor. The applicator tip containing 
either a 1.0-cm or a 0.5-cm diameter array of 6 stainless-steel needles 
will be co-localized at the site(s) and depth of plasmid injection. The 
applicator will be connected to the power supply and 6 pulses at a field 
strength (E+) of 1500 volt/cm and pulse width of 100 μs at 1-second 
intervals will be delivered

 – Pembrolizumab will be administered using a 30-minute (–5/+10 min) 
infusion

 – All accessible lesions (each ≥0.3 cm × 0.3 cm) may be treated, except 1 
lesion (≥1.0 cm) that will be left untreated for the duration of the study, 
if feasible

• In Stage 2 of the study, patients completing Stage 1 will continue to receive 
the combined treatment for up to 17 cycles of TAVO™ and 35 cycles of 
pembrolizumab from baseline (~2 years) or until subsequent disease progression. 
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INTRODUCTION

• Triple-negative breast cancer (TNBC) accounts for 10‒20% of breast cancer 
diagnoses in the United States1 and is associated with an increased risk of 
recurrence and a more aggressive course in the metastatic setting.2,3

• Emerging studies show that TNBC tumors with a proinflammatory environment 
are associated with better outcomes4-6 and suggest that some patients with 
TNBC could benefit from the addition of immune therapy.

 – Reports show that patients with early stage TNBC and at least 50% tumor-
infiltrating lymphocytes (TILs) have a longer disease-free survival4-6

• Additionally, immune-modulating therapies, like the anti-programmed 
cell death protein 1 (PD-1)/PD-1 ligand 1 monoclonal antibodies, have 
demonstrated modest activity as monotherapy in pretreated patients with 
metastatic TNBC, with objective response rates (ORR) <10%.2

 – These therapies appear to require an immunogenic tumor to be effective

• Local intratumoral administration of tavo (interleukin-12 [IL-12] plasmid) 
followed by electroporation (collectivelly, TAVO™) of accessible lesions is 
hypothesized to enhance tumor immunogenicity.

 – Preliminary results of an ongoing phase 1 study in patients with locally 
advanced or recurrent TNBC showed that TAVO™ is a safe and tolerable 
TIL-stimulating therapy for skin and subcutaneous TNBC tumors7 

• Combining TAVO™ with an anti–PD-1 antibody, such as pembrolizumab, may 
further improve responses in patients with TNBC by potentially converting 
poorly immunogenic/low-TIL tumors into immune-responsive/high-TIL  tumors.

MECHANISM OF ACTION

• IL-12 is a well-characterized, potent proinflammatory cytokine. 

• Intratumoral delivery of plasmid IL-12 followed by electroporation yields 
sustained expression of the proinflammatory cytokine IL-12 and stimulates 
a proinflammatory immune response (Figure 1), without leading to systemic 
immune-related toxicities.8,9

Figure 1. Mechanism of action of TAVO™
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Note: The DNA plasmid pUMVC3-hIL-12-NGVL331 (IL-12 plasmid) contains the sequences coding for the human IL-12 p35 and p40 subunits, 
separated by an internal ribosomal entry site and are driven by a single CMV promoter.
bp, base pairs; CITE, cap-independent translation enhancer; CMV, cytomegalovirus; IL-12, interleukin-12; TAVO™, IL-12 plasmid administration 
followed by electroporation; tavo, IL-12 plasmid. 

STUDY OBJECTIVES

PRIMARY OBJECTIVE
• To assess the ORR, by blinded independent central review (BICR), of TAVO™ in 

combination with pembrolizumab in patients with inoperable locally advanced/
metastatic TNBC.

SECONDARY OBJECTIVES
• To evaluate safety and tolerability of the combined therapy.

• To assess duration of response (DOR), investigator-assessed ORR, immune 
ORR, progression-free survival (PFS), immune PFS, and overall survival (OS) of 
the combined therapy.

EXPLORATORY OBJECTIVE
• To evaluate correlations between changes in immune cell subsets and response 

to treatment. 

STUDY DESIGN AND INTERVENTION

• OMS-I141 is a nonrandomized, open-label, single-arm, multicenter phase 2, Simon 
2-stage study (NCT03567720) of TAVO™ with intravenous (IV) pembrolizumab 
in patients with inoperable locally advanced/metastatic and/or treatment-
refractory TNBC.

• The study is estimated to enroll approximately 25 patients; key patient eligibility 
criteria are described in Table 1.

Table 1. Key patient eligibility criteria

Key inclusion criteria

Aged ≥18 years

Histologically confirmed inoperable locally advanced/metastatic TNBC and ≥1 
prior line of approved systemic therapy/immunotherapy

Measurable disease based on RECIST v1.1, and at least 1 anatomically distinct 
lesion of ≥0.3 cm involving EP-accessible skin/subcutaneous tissue (lesion 
must be accurately measured in ≥1 dimensions)

At least 1 lesion on a computed tomography scan that is measurable as 
defined by RECIST v1.1

Estrogen and progesterone receptor staining <10% and HER2 negative as 
defined by IHC 0 to +1 or HER2 FISH negative

ECOG PS 0–1 and life expectancy ≥6 months

Adequate hematologic, renal, and hepatic functions

• Male: surgically sterile or using contraception during the study
• Female: negative serum pregnancy test, or postmenopausal, surgically 

sterile, or using ≥1 acceptable contraceptive method (eg, intrauterine devices, 
double-barrier methods, sexual abstinence, or a vasectomized partner)
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(cont.) Figure 2. Study design
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EOS, end of study; P, pembrolizumab; TAVO™, intratumoral administration of interleukin-12 plasmid followed by electroporation. 

 – Patients will not be able to continue treatment in Stage 2 if they withdraw 
from the study or have intercurrent illness, unacceptable adverse event(s) 
(AE[s]), significant noncompliance with the protocol, or general/specific 
changes in their condition that render them unacceptable for further 
treatment in the judgment of the investigator

• All patients will be followed long-term (through 90 days from last dose of 
study drug) after the end-of-study (EOS) visit for serious AEs (SAEs) and 
long-term survival. The EOS visit will occur 4 weeks after last study treatment 
administration.

• Throughout the study, the independent data and safety monitoring board 
will monitor safety and efficacy parameters at approximately semi-yearly 
intervals.

ASSESSMENTS

• ORR, DOR, and PFS will be assessed by investigator review on the basis of 
Response Evaluation Criteria In Solid Tumors (RECIST) v1.1 within 24 weeks 
and over the course of the study. 

• ORR, DOR, and PFS will also be assessed by BICR within 24 weeks. 

• Immune ORR and immune PFS will be assessed by investigator review on the 
basis of immune RECIST v1.1 within 24 weeks and over the course of the study, 
as well as by BICR within 24 weeks. 

• OS will be measured as the time from diagnosis until death from any cause. 
Patients without a confirmed date of death will be censored at the last date 
when the patient was known to be alive. 

• Safety will be assessed by: frequency and severity of AEs and SAEs, as well as 
their relation to study drug; number of patients with events of clinical interest; 
and number of patients who discontinued due to AEs. 

 – Further evaluations will include: incidence and shifts of clinically significant 
laboratory abnormalities, laboratory assessments (eg, complete blood 
count, blood biochemistry, and urinalysis), physical examination, vital signs, 
procedural pain, and concomitant medications

 – AEs and laboratory abnormalities will be classified according to the 
National Cancer Institute Common Terminology Criteria for Adverse Events 
version 4.03

• For multispectral IHC assessments, tumor biopsies may be acquired from any 
accessible treated or nontarget lesions >1.0 cm and untreated cutaneous 
lesions >5 mm (accessible lesions are defined as cutaneous/subcutaneous 
lesions that can be reached from the surface with the EP needle array [up to 
1.5-cm depth]).

 – Fresh and fixed tumor biopsies may be collected at screening, on day 1 of 
cycles 2, 4, 9, 12, 18, 22, 26, 30, and 34, and at EOS 

• For monitoring changes in immune subsets during treatment by multicolor flow 
cytometry, blood samples may be collected at screening, on day 8 of cycle 1, 
and on day 1 of cycles 2, 4, 9, 11, 12, 18, 22, 26, 30, and 34, and at the EOS visit.

STATISTICAL ANALYSES

• The statistical power calculations are based on the Simon’s two-stage 
minmax design.10 

 – From the 25 eligible patients planned for enrollment, 15 will be accrued 
in Stage 1

 – If the number of responders in Stage 1 meets the prespecified number 
(n ≥1/15), then the enrollment for Stage 2 will proceed, and include an 
additional 10 patients 

 – If ≥6 responders are observed in the group of 25 patients, the conclusion 
will be that the therapy is worthy of further investigation

• The summary statistics for continuous variables are sample size, mean, and 
standard deviation, and for categoric variables, frequencies and percentages. 
Time-to-event variables will be analyzed using Kaplan-Meier methods. All 
statistical tests will be performed at the 0.05 level of significance unless 
otherwise specified.

• Statistical analyses will be performed using SAS v9.4 or higher (SAS Institute, 
Cary, NC, USA). 

SUMMARY

• This phase 2 study is evaluating the efficacy and safety of TAVO™ in 
combination with pembrolizumab in patients with inoperable locally 
advanced/metastatic TNBC.

• To date, 4 patients have been enrolled and received the study treatment.


