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Results  Twenty-four patients completed therapy, 12 per 
arm, with no dose-limiting toxicities. All Arm A patients 
were explored, eight were resected, one was locally 
advanced and three had distant metastases. CD8+ T cell 
infiltration increased an average of 22-fold (range sixfold 
to 75-fold) compared with baseline (p =  0.0021). PD-L1 
expression increased in 5/7 samples analyzed. One node-
positive resected patient is alive >66  months without 
recurrence. Arm B RECIST response rate was 25 % with 
a median OS of 12  months and 1-year survival of 50  %. 
Patient-reported quality of life showed no evidence of 
deterioration.
Conclusions  AdV-tk can be safely combined with pancre-
atic cancer SOC without added toxicity. Response and sur-
vival compare favorably to expected outcomes and immune 
activity increased. These results support further evaluation 
of GMCI with more modern chemoradiation and surgery as 
well as PD-1/PD-L1 inhibitors in pancreatic cancer.

Keywords  Pancreatic adenocarcinoma · Immuno-
oncology · Gene therapy · PD-L1 · Adenovirus · AdV-tk
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Abstract 
Background  While surgical resection of pancreatic ade-
nocarcinoma provides the only chance of cure, long-term 
survival remains poor. Immunotherapy may improve out-
comes, especially as adjuvant to local therapies. Gene-
mediated cytotoxic immunotherapy (GMCI) generates a 
systemic anti-tumor response through local delivery of an 
adenoviral vector expressing the HSV-tk gene (aglatima-
gene besadenovec, AdV-tk) followed by anti-herpetic prod-
rug. GMCI has demonstrated synergy with standard of care 
(SOC) in other tumor types. This is the first application in 
pancreatic cancer.
Methods  Four dose levels (3 ×  1010 to 1 ×  1012 vector 
particles) were evaluated as adjuvant to surgery for resect-
able disease (Arm A) or to 5-FU chemoradiation for locally 
advanced disease (Arm B). Each patient received two 
cycles of AdV-tk + prodrug.
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MDSCs	� Myeloid-derived suppressor cells
OS	� Overall survival
PanCa	� Pancreatic cancer
PD-1	� Programmed death 1
PD-L1	� Programmed death ligand 1
PFS	� Progression-free survival
PR	� Partial response
PD	� Progressive disease
RECIST	� Response Evaluation Criteria in Solid Tumors
RT	� Radiation therapy
SD	� Stable disease
SOC	� Standard of care
TK	� Thymidine kinase protein from the HSV-thy-

midine kinase gene
T-regs	� Regulatory T cells

Introduction

More effective therapies for pancreatic adenocarcinoma 
are desperately needed. Pancreatic cancer (PanCa) has 
a 5-year survival rate <5  %, the lowest of all major can-
cers, with more than 37,000 deaths in the USA each year 
[1]. Although surgical resection remains the only poten-
tial curative therapy, only 10–20  % of pancreatic tumors 
are resectable and even resectable patients have a median 
survival of only 20–24  months. Patients with unresect-
able disease fare much worse. Combinations such as FOL-
FIRINOX and gemcitabine/nab-paclitaxel are considered 
current standards with median survival of <1 year and evi-
dence of significant toxicity [2, 3]. Unfortunately, for most 
PanCa patients, micrometastatic disease is likely present 
at diagnosis. As such, immunotherapies that augment sys-
temic disease control without added toxicity are a logical 
addition to standard of care (SOC) therapies for PanCa.

Gene-mediated cytotoxic immunotherapy (GMCI™) 
is a multi-pronged viral-based approach to generating a 
systemic anti-tumor response through local delivery of an 
adenoviral vector expressing the herpes simplex virus thy-
midine kinase gene (aglatimagene besadenovec, AdV-tk) 
followed by an anti-herpetic prodrug, such as valacyclovir 
[4]. PanCa cells are susceptible to adenoviral transduction 
[5]. The expressed HSV-TK (TK) protein has two principal 
functions: (1) enzymatically, it phosphorylates the prodrug, 
generating nucleotide analogs that kill tumor cells undergo-
ing DNA replication or repair; (2) physically, it is a super-
antigen-like molecule that stimulates a potent immune 
reaction. The consequent tumor cell death via necrosis and 
apoptosis, which releases tumor antigens and elicits danger 
signals, combined with the immunostimulatory milieu gen-
erated by the super-antigen effect, leads to the in vivo gen-
eration of a tumor-specific multivalent immune response. 
In animal models, the systemic effect protects against 

tumor re-challenge, is present in immunocompetent but 
not immunodeficient mice and is transferrable via CD8+ T 
cells [6–12].

In animal models, GMCI has been shown to synergize 
with surgery, radiation therapy (RT) and various chemo-
therapies. For example, in mammary and prostate can-
cer models, AdV-tk delivered to the tumor bed following 
surgical resection delayed local recurrence and had sys-
temic anti-tumor effects [13]. Positive immune effects 
after cytoreductive surgery included decreased myeloid-
derived suppressor cells (MDSCs) and increased CD8+ T 
cell stimulation [14]. Radiation plus AdV-tk not only had 
increased local tumor effects but also had synergistic sys-
temic effects on lung metastases [15]. Mechanistically, 
synergy with RT is likely due to increased incorporation of 
nucleotide analogs during DNA repair and innate immune 
stimulation including recruitment of antigen-presenting 
cells (APCs) [16]. Cytotoxic and immunologic synergy has 
also been seen with chemotherapies, including PanCa SOC 
gemcitabine and 5-FU [17, 18]. Mechanistically, this likely 
reflects chemotherapy-induced inhibition of regulatory T 
cells (T-regs) and MDSCs [19–21]. In PanCa, chemora-
diation has been shown to improve dendritic cell function 
[22, 23]. These data provide further rationale for evaluating 
immunotherapy in combination with chemoradiation and 
surgery in this disease.

Safety and signs of efficacy for GMCI have been dem-
onstrated in phase 1 and 2 clinical trials in various tumor 
types, including prostate, malignant glioma, retinoblas-
toma, mesothelioma and ovarian cancer, but a definitive 
efficacy study has not yet been completed in any tumor 
type [24–31]. In prostate cancer, single-agent activity was 
demonstrated with PSA responses, including repeated 
responses after re-administration, increased necrosis, apop-
tosis and CD8+ T cell infiltration in tumor samples, and 
ultimately increased long-term disease control [24, 25, 
31]. Tumor shrinkage and immune responses were seen 
in malignant glioma, retinoblastoma and mesothelioma 
[26–28]. A phase 2 trial in newly diagnosed prostate can-
cer with RT demonstrated safety and a threefold to fivefold 
decrease in tumor recurrence [32]. This study constitutes 
the first evaluation of GMCI in the treatment of PanCa. The 
primary objective was to evaluate GMCI safety and sec-
ondarily to evaluate its potential clinical benefit in the treat-
ment of PanCa as an adjuvant to standard of care.

Patients and methods

Study design

This dose escalation study evaluated two courses of AdV-
tk +  valacyclovir as an adjunct to surgery in potentially 
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resectable patients (Arm A) or in combination with chemo-
radiation in patients with locally advanced pancreatic can-
cer (LAPC-Arm B). Institutional review boards in all par-
ticipating institutions approved the protocol and informed 
consent documents. Specific written informed consent was 
obtained from each patient before enrollment.

The AdV-tk vector has been previously described [33]. 
Four dose levels of AdV-tk were evaluated: 3 × 1010 vec-
tor particles (vp), 1 × 1011 vp, 3 × 1011 vp and 1 × 1012 
vp. Valacyclovir was administered at 2000  mg by mouth 
three times per day for 14 days starting 1–3 days after each 
AdV-tk injection. Intravenous acyclovir at a dose of 10 mg/
kg was substituted when patients were unable to take oral 
medication. Valacyclovir doses were adjusted for renal 
impairment based on calculated creatinine clearance. The 
first AdV-tk dose was delivered intratumorally via either 
endoscopic ultrasonography (EUS) or CT guidance for 
both Arm A and Arm B [34]. For Arm A, the second AdV-
tk dose was delivered intraoperatively 2–3  weeks later, 
either into the tumor bed after resection or into the primary 
tumor, if not resectable. For Arm B, RT was initiated within 
3–7 days after the first AdV-tk injection at 1.8 Gy per day 
for approximately 6 weeks to a total of 50.4 Gy. Continu-
ous infusion of 5-FU at 200 mg/m2/day for 5 days per week 
began during the first week and continued until completion 
of RT. The second AdV-tk dose for Arm B was delivered 
2–4 weeks after the first via EUS- or CT-guided injection 
during chemoradiation. After surgery or chemoradiation 
completion, patients received standard of care chemother-
apy at the discretion of their physician.

Patients

Inclusion criteria included age ≥18  years, ECOG per-
formance status of 0–2, presumed diagnosis of resectable 
(Arm A) or LAPC (Arm B) without evidence of meta-
static disease and no prior therapy for PanCa. Pathologic 
confirmation of diagnosis was required prior to initiating 
AdV-tk injections. Laboratory inclusion criteria included 
AST ≤ 3× upper limit of normal, platelets > 100,000/mm3, 
WBC  >  3000/mm3, ANC  >  1500/mm3, serum creatinine 
<2 mg/dl and calculated creatinine clearance >10 ml/min.

Assessments

Toxicity was assessed using the National Cancer Institute 
common terminology criteria for adverse events (CTCAE) 
version 3.0. Dose-limiting toxicities (DLTs) were defined 
as any grade 4 toxicity or a grade 3 toxicity requiring inter-
ruption in therapy for more than 7 days.

Tumor response was determined according to response 
evaluation criteria in solid tumors (RECIST) [2]. Partial 
response (PR) was defined as at least a 30 % decrease in 

image size compared with baseline, and progressive disease 
(PD) was an increase of at least 20 % or the appearance of 
new lesions. Stable disease (SD) was either decrease insuf-
ficient to qualify as PR or increase insufficient to qualify 
as PD. CA 19-9 response was the maximum percentage 
decline relative to baseline calculated as follows: [(baseline 
CA 19-9 −  lowest post-treatment CA 19-9)/baseline CA 
19-9] × 100. Patients without CA 19-9 elevation at base-
line or without post-treatment CA 19-9 measurement were 
not evaluable.

The Functional Assessment of Cancer Therapy-Hepato-
biliary (FACT-Hep) version 4 was used to assess patient-
reported outcomes at baseline and at follow-up visits. The 
FACT-Hep instrument is a 45-item questionnaire with 
physical, social, emotional, functional and hepatobiliary 
domains validated for use in PanCa patients [35].

Immunohistochemistry

Paraffin-embedded tumor sections were stained with anti-
bodies specific for PD-L1 (programmed death ligand 1, 
Novus Biologicals, Littleton, CO), CD4 (Novocastra/Leica 
Biosystems, Buffalo Grove, IL) and CD8 (Dako, Carpinte-
ria, CA) using standard techniques.

Statistical analysis

The primary method of data analysis for this phase I study 
was descriptive. Progression-free survival (PFS) and over-
all survival (OS) were calculated from the time of first 
AdV-tk injection until progression or death using the 
Kaplan–Meier method. Density of T cell infiltration before 
and after treatment was compared with the Mann–Whitney 
test using GraphPad Prism version 5.0.

Results

Patients and treatment

Three institutions collaborated on this project: James Can-
cer Hospital at The Ohio State University Wexner Medi-
cal Center (Columbus, OH), City of Hope National Medi-
cal Center (Duarte, CA) and Scripps Green Hospital (La 
Jolla, CA). A total of 27 patients were enrolled: 14 patients 
in Arm A (Fig.  1a) and 13 patients in Arm B (Fig.  1b). 
Twenty-four of 27 patients completed both AdV-tk plus 
prodrug courses with three at each dose level in each arm 
(Tables 1, 2). The three dropouts included: one patient in 
Arm A that completed one course and subsequently died 
due to an unrelated myocardial infarction; a second patient 
in Arm A withdrew after metastases were discovered on 
operative exploration; the third was a patient in Arm B who 
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chose to withdraw due to valacyclovir intolerance. All 12 
patients completing therapy in Arm A had operative explo-
ration. Eight underwent tumor resection and four were not 
resected: three due to distant metastases and one due to 
LAPC found at the time of surgery. Patient characteristics 
at baseline and TNM surgical stage are shown in Table 1. 
For Arm B, all 12 patients completed chemoradiation with-
out significant delays or interruptions. Baseline characteris-
tics for Arm B are shown in Table 2.

Safety

No DLTs were observed. The majority of clinical abnor-
malities observed were grade 1 or 2 and designated by the 
investigators as unrelated or unlikely related to GMCI. 
Grade 2–4 clinical abnormalities designated as possibly or 
probably related are shown in Table  3. Fatigue, anorexia, 
nausea, vomiting and abdominal pain were the most fre-
quent adverse events (AEs) and are common symptoms in 
patients with PanCa.

Arm A Three patients experienced grade 3 AEs deemed 
possibly related to the experimental intervention after the 
first injection prior to the second injection. Two experi-
enced worsening of abdominal pain soon after injection 
and one developed dehydration with renal insufficiency 
that resolved with hydration. There were no grade 3 or 4 
possibly related AEs after the second injection. The most 
common laboratory abnormalities occurring after the first 
injection, some of which were abnormal at baseline but 
worsened, were AST/ALT and bilirubin elevation. Most 
of these patients had biliary obstruction at baseline but 
did not have stents placed since resection was planned 
and yet, still tolerated the first course of AdV-tk/prodrug 
prior to surgery. The most common laboratory abnor-
malities occurring after the surgery and second injection 
were anemia, AST/ALT and alkaline phosphatase eleva-
tion. None of the laboratory abnormalities were clinically 
significant.

Arm B Only one grade 3 and no grade 4 clinical events 
occurred that were deemed possibly or probably related. 
The grade 3 event was transient dehydration with creatinine 
elevation probably related to valacyclovir. The most com-
mon grade 3–4 laboratory abnormality occurring after the 
first and second injections during chemoradiation was tran-
sient lymphopenia.

Clinical outcome

Arm A All eight resected patients had R0 resection: four 
were not resected, one due to LAPC and three due to 
metastases found at the time of surgery (Table 1). One of 
the resected patients that had lymph node involvement is 
alive without recurrence more than 66  months after start-
ing treatment. The patient with LAPC (superior mesenteric 
artery involvement) initially opted to forego additional ther-
apy. Restaging after 3 months showed no progression. Sub-
sequently, gemcitabine/erlotinib was given for 2  months 
followed by 2 months of 5-FU/RT. Response was adequate 
for resection but was complicated by finding erosion of the 
biliary stent into the portal vein, which likely led to post-
operative sepsis from which the patient subsequently died. 
The three patients with metastatic disease survived from 9 
to 12.4 months.

Arm B All 12 patients had LAPC and received the study-
specified 5-FU/RT, after which other standard chemother-
apy, gemcitabine with or without erlotinib, was given to 
most patients. Three patients achieved a confirmed partial 
response (PR), seven patients had stable disease (SD), and 
one patient had progression based on metastases identified 
at 2.1 months (Table 2). One patient refused further evalu-
ations or additional treatment after 5-FU/RT. This patient 
reported preserved quality of life until death at 12 months. 
The one patient that withdrew in Arm B after the first 

Arm A
14 patients enrolled

Dose level 1
3 completed + 1 

dropout

Dose level 2
3 completed + 1 

dropout

Dose level 3
N=3

Dose level 4
N=3

Alive, NED
N = 1

OS>66 mo

Death from 
pancreatic 

cancer
N = 7

OS=9-30 mo

Death from 
pancreatic 

cancer
N = 3

OS= 9-12 mo

Responded and 
then resected, 

died from 
sepsis
N = 1

Course #1 & 2 Completed
N=12

Unresected, 
Locally 

advanced
N = 1

Resected
N = 8

Unresected, 
Metastases

N = 3

Arm B
13 patients enrolled

Dose level 1
N=3

Dose level 2
N=3

Dose level 3
N=3

Dose level 4
3 completed + 1 

dropout

Course #1 & 2 completed, with chemoradiation
N = 12

Dropout had PR 
in week 6 despite 

discontinuing 
chemoradiation

SD
N = 7

PR
N = 3

PD
N = 1

Not Evaluated
N = 1

OS
3.5-14  mo

OS
8-29 mo

OS
17 mo

OS
12 mo

b

a

Fig. 1   CONSORT diagrams for Arm A (a) and Arm B (b)
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injection (dose level 4) received approximately half of the 
first valacyclovir course and a shortened course of chemo-
radiation and yet had a partial response. All seven patients 
with evaluable serum CA 19-9 levels had a drop of at least 
50 % with a range of 72–100 % (Table 2).

The RECIST objective response rate for Arm B was 
25 % and disease control rate (PR + SD) was 83 %. In the 
three PR patients, response duration was 7 and 7.9 months 
in two of them; in the third, response was sufficient to 

attempt resection; however, due to metastases observed 
at the time of laparotomy, resection was not performed. 
Median progression-free survival (PFS) and overall sur-
vival (OS) for Arm B were 5.8 and 12 months, respectively, 
with 1-year survival of 50 %.

Health-related quality of life assessed using the patient-
reported FACT-Hep questionnaire was stable after treat-
ment compared with baseline for Arm A and Arm B (Sup-
plementary Materials Fig. 1).

Table 1   Patient demographics and outcomes for Arm A

vp vector particles; ECOG ECOG performance status; LN lymph nodes; EUS endoscopic ultrasound; open injection during surgery; n/a not 
available
a  Region of the pancreas in which the tumor was located

Case # Dose (vp) Age  
(years)

Baseline  
ECOG

Baseline  
CA 19-9

Resected Tumor  
location*

Stage Injection  
method

OS (mo)

1A02 3 × 1010 40 0 250 No Head M1 EUS/open 9

1A03 3 × 1010 70 0 69 Yes Head pT3N1, 1/15 LN+ EUS/open >66

1A04 3 × 1010 57 0 1384 No Head M1 EUS/open 11.7

2A02 1 × 1011 53 1 21,660 Yes Head pT3N1, 7/21 LN+ EUS/open 10

2A03 1 × 1011 59 0 893 No Head T4 EUS/open 9.4

2A04 1 × 1011 68 0 40 Yes Head pT3N1, 5/24 LN+ EUS/open 30.4

3A01 3 × 1011 66 1 1223 Yes Head pT3N1, 6/27 LN+ EUS/open 10.4

3A02 3 × 1011 78 1 15,136 Yes Head pT3N1, 6/24 LN+ EUS/open 10.2

3A03 3 × 1011 71 0 451 Yes Head T2N0, 0/15 LN+ EUS/open 20.6

4A01 1 × 1012 68 1 1721 Yes Head pT3N1, 2/13 LN+ EUS/open 11.5

4A02 1 × 1012 65 0 15 Yes Tail pT3N0, 0/16 LN+ EUS/open 9.4

4A03 1 × 1012 70 1 127 No Head M1 EUS/open 12.4

Median 67 0 672 11

Table 2   Patient demographics and outcomes for Arm B

a  Sum of target lesion diameters; vp vector particles; ECOG ECOG performance status; EUS endoscopic ultrasound; CT CT-guided percutane-
ous; SD stable disease; PR partial response; PD progressive disease; n/a not available
b  Region of the pancreas in which the tumor was located

Case # Dose (vp) Age  
(years)

Baseline  
ECOG

Baseline  
CA 19-9

Baseline  
tumor (cm)a

Tumor  
locationb

Injection  
method

Tumor response  
(RECIST)

CA 19-9  
response

PFS  
(mo)

OS  
(mo)

1B01 3 × 1010 81 1 79 4.5 Head EUS SD n/a 3.5 3.5

1B02 3 × 1010 65 1 1995 n/a Head EUS SD 72 % 5.8 5.8

1B03 3 × 1010 62 0 1252 13.3 Tail CT PR 82 % 11.5 21.5

2B01 1 × 1011 76 0 2424 4.2 Body CT n/a n/a 12.2 12.2

2B02 1 × 1011 55 1 298 7.4 Head CT PR 100 % 18.3 28.7

2B03 1 × 1011 62 2 29 5.9 Head/body CT SD n/a 4.7 11.7

3B01 3 × 1011 75 0 16,364 3.0 Head EUS PD 96 % 2.1 16.9

3B02 3 × 1011 67 1 9835 3.5 Head CT SD n/a 4.5 10

3B03 3 × 1011 56 0 5817 7.3 Body EUS PR 91 % 3 8.4

4B01 1 × 1012 73 1 61 9.0 Head EUS SD 72 % 8.3 14.2

4B03 1 × 1012 55 0 10 6.79 Head CT SD n/a 9.3 13.4

4B04 1 × 1012 62 0 10,913 2.8 Head EUS SD 96 % 5.8 5.8

Median 64 1 1624 5.9 5.8 12
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Immunologic effects

Immune cell infiltration was characterized in resected 
tumors after AdV-tk/prodrug compared with pre-treatment 
biopsy samples in seven patients (Table 4). All patients had 
an increase in CD8+ T cell infiltrate (Fig. 2b), with an aver-
age fold increase of 21.66 (range 6.00–74.85, p = 0.0021). 
CD4+ infiltrates were not significantly changed (Fig.  2a). 
Programmed death ligand 1 (PD-L1) levels were increased 
in five of seven samples analyzed (Table 4 and Supplemen-
tary Materials Fig. 2).

Discussion

In this study, GMCI was well tolerated and generated 
favorable responses compared with historical controls. 
Adding GMCI to 5-FU/RT or surgery did not increase tox-
icity and showed preliminary evidence of efficacy with sur-
vival and response data comparing favorably to standard of 
care alone. The clinical activity and immune stimulation 
did not seem to be dose-related as it was seen in multiple 
dose levels. This was also seen in prostate cancer, where 
beyond a threshold dose, PSA responses occurred in each 

Table 3   Adverse events after 
first AdV-tk injection until 
3 weeks after second AdV-tk 
injection

CTC Common terminology criteria for adverse events version 3.0

Arm A Arm B

CTC grade CTC grade

2 3 4 2 3 4

Possibly or probably related clinical abnormalities

 Abdominal pain 1 2 0 2 0 0

 Anorexia 0 0 0 1 0 0

 Dehydration 0 1 0 0 1 0

 Fatigue 0 0 0 3 0 0

 Vomiting 0 0 0 2 0 0

Laboratory abnormalities

 Elevated alkaline phosphatase 1 3 0 0 1 0

 Elevated amylase 0 1 0 0 0 0

 Elevated AST/ALT 3 6 0 2 0 0

 Elevated bilirubin 3 1 3 1 1 0

 Elevated creatinine 3 0 0 0 1 0

 Elevated lipase 1 1 1 0 0 0

 Low calcium 4 1 0 1 0 0

 Low hemoglobin 5 2 2 1 1 0

 Low Lymphocytes 2 1 1 0 7 6

 Low potassium 0 0 0 0 1 0

 Low sodium 0 1 0 0 3 0

 Low WBC 0 0 0 1 0 0

Table 4   PD-L1 expression 
and T cell infiltration in 
tumors before and after 
AdV-tk + prodrug

a  Average number of positive cells in three high-powered fields before (pre) or after (post) AdV-tk + prod-
rug

Dose level Case # PD-L1 CD4 CD8a

Pre Post Prea Posta Fold change Prea Posta Fold change

1 1A03 − ++ 0.67 1.67 2.49 4 31.33 7.83

2 2A02 − ++ 4 9 2.25 1.67 55 32.93

3 3A01 + + 1.33 0.33 0.25 1.67 125 74.85

3 3A02 + +++ 3 1.67 0.56 4.33 48.33 11.16

3 3A03 + +++ 9.67 7.33 0.76 8 98.33 12.29

4 4A01 + + 8.33 5 0.60 6 39.33 6.56

4 4A02 − +++ 3.33 7.67 2.30 6.33 38 6.00

Average CD4 change: 1.32 Average CD8 change: 21.66
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of three higher dose levels [25]. A broad therapeutic win-
dow is consistent with the unique mechanism of action 
for tumor vaccines. There were no DLTs observed, and 
only 4/24 patients had transient grade-3 clinical abnor-
malities that were deemed possibly related by the investi-
gators (Table 3). Immune-related adverse events were not 
observed. This phase 1 study documents the safety and 
potential efficacy of GMCI in patients with PanCa.

For the resectable arm (Arm A), patients tolerated 
receiving one course of GMCI prior to surgery and a sec-
ond AdV-tk injection at the time of surgery. This allowed 
assessment of immune biomarkers in tumor samples 
from the eight patients that underwent resection. Of those 
eight, six had positive lymph nodes, a poor prognostic 
factor. One of the six with positive lymph nodes is recur-
rence free after >66  months of follow-up. Response rates 
were not evaluated for Arm A since surgical resection was 

part of the treatment plan. The three patients with meta-
static disease discovered during surgery survived from 9 
to 12.4  months after receiving gemcitabine-based chemo-
therapy. The expected median survival for this population 
is ~6  months [36]. In one of these patients, necrosis in a 
non-injected metastatic lesion in the liver was observed 
(data not shown). This may indicate a systemic response to 
the tumor.

The median OS for patients with LAPC (Arm B) was 
12 months, with a 1-year survival rate of 50 %. This com-
pares favorably to median OS of 9 months and 1-year sur-
vival of 28 % reported for 5-FU/RT [37]. It also compares 
favorably with the improvements to 11.1 and 42  % with 
gemcitabine/RT, but GMCI did not show toxicity above 
that seen with 5-FU/RT alone which is less than the toxic-
ity of gemcitabine/RT [37, 38]. Similarly, RECIST objec-
tive response rate for Arm B was 25 % and disease control 
rate (PR +  SD) was 83  %, which also compares well to 
the gemcitabine/RT rates of 6 and 74 %, respectively [38]. 
While conclusions cannot be drawn from comparison of 
individual studies conducted separately, these data support 
further evaluation of this approach in randomized compari-
son studies.

Pancreatic cancer is one of the most recalcitrant of 
human malignancies. Complete resection is the only poten-
tially curative option. Unfortunately, PanCA is most often 
a systemic disease at diagnosis. For most patients follow-
ing resection, metastases appear soon after surgery, indi-
cating preexisting micro-metastasis and persistent residual 
disease. Non-resectable LAPC and metastatic disease have 
an even more dismal prognosis. Recently, nab-paclitaxel 
received FDA approval in combination with gemcitabine 
for metastatic disease based on a randomized trial with a 
median survival of 8.5  months for the combination com-
pared with 6.7 months for gemcitabine alone [3]. In another 
recent report, FOLFIRINOX improved median survival to 
11.1 months compared with 6.8 months with gemcitabine 
[2]. While these more aggressive regimens show improved 
survival, at least in the metastatic setting, toxicities threaten 
quality of life relative to gemcitabine alone [39, 40]. None-
theless, use of these more aggressive regimens at earlier 
stages of the disease may improve outcomes and increase 
the number of patients that can be resected. In a recent 
report using FOLFIRINOX followed by chemoradiation in 
LAPC, overall response rate was 27 % leading to RO resec-
tions in 5/22 (23 %) patients [41]. Unfortunately, three of 
five resected patients developed distant metastases within 
5  months, indicating the presence of persistent residual 
disease.

Immunotherapy may provide an approach to attacking 
minimal residual disease. The results from the current study 
and previous studies demonstrate that pancreatic tumors are 
susceptible to immune therapy, especially after debulking. 

b

a

Fig. 2   Significant increase in CD8+ but not CD4+ T cell infiltration 
in tumors after AdV-tk injection and prodrug course. Paraffin sec-
tions from pre-treatment biopsy or post-treatment surgical resection 
for seven patients with available samples were stained with anti-CD4 
(a) or anti-CD8 (b) antibodies and the number of positive cells per 
high-power field (hpf) counted. The average number of positive cells 
in three high-powered fields is displayed in the scattergrams. The 
before (pre) and after (post) treatment values were compared using 
the Mann–Whitney test
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Although PanCa has been reported to elicit immune 
inhibitory factors including MDSCs, Tregs and inhibitory 
cytokines, these are suppressed by surgery, radiation and 
chemotherapy [22, 23, 42, 43]. PanCa patients undergo-
ing surgery and/or chemoradiation have been shown to be 
capable of mounting humoral or cellular immune responses 
[44–46], and antigen-specific tumor vaccine studies with 
K-ras, CEA and MUC1 have shown that PanCa patients 
can mount long-term T cell reactivity [47, 48]. However, in 
single-antigen approaches, tumor escape can be a problem 
[49]. In a multivalent study using GM-CSF-modified allo-
geneic tumor cell vaccine (GVAX), which presents a large 
number of tumor antigens, patients with longer disease-free 
survival had an expanded repertoire of T cells responding 
to a number of mesothelin epitopes [50]. However, anti-
gens from allogeneic cell lines may not represent the domi-
nant tumor antigens of the individual patient. The GMCI 
approach presented here provides both a multivalent and a 
patient-specific systemic anti-tumor immune response [4].

This study demonstrated the feasibility, safety and pre-
liminary activity of AdV-tk administration to pancreatic 
cancer patients via EUS- or CT-guided injection as well 
as intraoperative injections. It showed no overlapping tox-
icity when combined with SOC 5-FU/XRT chemoradia-
tion or surgery. It also showed encouraging efficacy signs. 
Although modern, more aggressive chemotherapeutic regi-
mens have also shown improved outcomes, their toxicity 
profile approaches the limit of tolerability.

It is hard to imagine adding more aggressive, more toxic 
reagents to the present approaches. However, immuno-
therapy, that does not add further toxicity, may provide a 
good option to further combat systemic disease and immu-
notherapy may have the highest likelihood of success in 
the setting of minimal residual disease after aggressive pri-
mary debulking. T cell infiltration in melanoma and some 
other tumor types is considered a good prognostic factor 
[51]. However, pancreatic adenocarcinoma is considered 
to be “immunologically inert” without immune cell infil-
tration. Another phenomenon seen in melanoma is adap-
tive immune resistance in which immune responses lead 
to up-regulation of immune inhibitory factors such as the 
programmed death 1 (PD-1) pathway [51]. GMCI elicited 
a potent induction of CD8+ T cell infiltration in the tumors 
after treatment compared to before treatment. Immune 
stimulation with GMCI also led to increased expres-
sion of PD-L1 in pancreatic tumor cells. This has also 
been observed with other immune therapies. For exam-
ple, increased PD-L1 expression was recently reported in 
pancreatic tumors in a GVAX study [52]. The induction of 
PD-L1 expression is another sign of the biologic activity of 
GMCI, but this may dampen the effector T cell response. 
Combining GMCI with PD-1/PD-L1 inhibitors would be a 
logical next step, initiating an anti-tumor immune response 

with GMCI and preventing down-regulation of the effector 
cells with checkpoint inhibitors, thus potentiating the over-
all systemic immunity.

The potential for added efficacy without added toxic-
ity from combination of the most efficient SOC with one 
or more immunotherapies is tantalizing. The data pre-
sented here provide strong rationale for further evaluation 
of GMCI in newly diagnosed PanCa in combination with 
more modern chemotherapeutic regimens and the rationale 
for possibly combining with checkpoint inhibitors. A rand-
omized phase 2 study combining GMCI with neoadjuvant 
modified FOLFIRINOX and gemcitabine-based chemo-
radiation is being launched building on recently published 
results with this regimen [53].
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