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Gene-mediated cytotoxic immunotherapy (GMCI) is an immuno-oncology approach involving local delivery of a replication-deﬁcient adenovirus expressing herpes simplex thymidine
kinase (AdV-tk) followed by anti-herpetic prodrug activation
that promotes immunogenic tumor cell death, antigen-presenting cell activation, and T cell stimulation. This phase I doseescalation pilot trial assessed bronchoscopic delivery of AdVtk in patients with suspected lung cancer who were candidates
for surgery. A single intra-tumoral AdV-tk injection in three
dose cohorts (maximum 1012 viral particles) was performed
during diagnostic staging, followed by a 14-day course of the
prodrug valacyclovir, and subsequent surgery 1 week later.
Twelve patients participated after appropriate informed consent. Vector-related adverse events were minimal. Immune biomarkers were evaluated in tumor and blood before and after
GMCI. Signiﬁcantly increased inﬁltration of CD8+ T cells
was found in resected tumors. Expression of activation, inhibitory, and proliferation markers, such as human leukocyte antigen (HLA)-DR, CD38, Ki67, PD-1, CD39, and CTLA-4, were
signiﬁcantly increased in both the tumor and peripheral CD8+
T cells. Thus, intratumoral AdV-tk injection into non-smallcell lung cancer (NSCLC) proved safe and feasible, and it effectively induced CD8+ T cell activation. These data provide a
foundation for additional clinical trials of GMCI for lung cancer patients with potential beneﬁt if combined with other immune therapies.

and distantly.2 The addition of adjuvant chemotherapy and radiation
to surgery has only marginally improved outcomes, and thus novel
approaches are needed.3,4
During the last decade, immune checkpoint inhibitors (ICIs), such
as anti-CTLA-4, anti-PD-1, or PD-L1 antibodies, have emerged as
a novel therapeutic option in the armamentarium against NSCLC.
ICIs are thought to “remove the brakes” on existing anti-tumor
T cells. Although very promising, anti-PD-1 checkpoint blockade
still results in only a 30%–40% response rate in patients with
PD-L1 expression. When combined with chemotherapy, the
response rates are somewhat increased, but still under 50%.5,6
Increases in progression-free and overall survival have also
been observed; however, 5-year survival rates remain below
20%–30%.
The absence of clinical activity for ICIs in more than 50% of patients
may be due to the inability of many patients to mount an endogenous
anti-tumor immune response. In this scenario, there simply is no
response that can be “released.” To overcome this hurdle and expand
ICI potency, it would be necessary to stimulate or generate active
T cells with anti-tumor activity. These T cells either can be created
exogenously and reinfused via adoptive T cell transfer or formed
endogenously by vaccinating the patient with tumor or tumorderived antigens. Unfortunately, to date, vaccination at peripheral
sites has not proven successful as a therapeutic approach in solid tumors, including for NSCLC.7 Strong local tumor immunosuppression

INTRODUCTION
Non-small-cell lung cancer (NSCLC) is the leading cause of cancerrelated mortality in the United States and throughout most of the
world.1 Although surgery offers the best chance for cure, a substantial
proportion of resected patients, especially those with more advanced
stages with nodal invasion (i.e., stages II and IIIA), recur both locally
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and vaccines that target only a small number of antigens are key factors that likely limit this approach.
A potential strategy to overcome some of these challenges is “in situ
vaccination.” In this approach, an agent is administered directly into a
tumor with the goal of killing tumor cells to release multiple tumor
neo-antigens, to generate and/or recruit immune-effector cells, and
to shift the tumor microenvironment from immunosuppressive to
pro-inﬂammatory and immunostimulatory.8,9 Gene-mediated cytotoxic immunotherapy (GMCI) is an in situ vaccination approach
that uses aglatimagene besadenovec (AdV-tk), an “armed” non-replicating adenoviral (Ad) vector, to induce immunogenic cancer cell
death (e.g., apoptosis, autophagy, necroptosis) and an anti-tumor immune response through a multi-step process.10 Intratumoral injection
of this type 5 adenovirus stimulates a robust innate immune response
due to the presence of a large number of pathogen-associated molecular patterns (PAMPs), which include portions of the viral capsid and
viral nucleic acids.11 The transgene protein (herpes simplex virus
thymidine kinase [TK]), when combined with administration of the
antiviral prodrugs ganciclovir or valacyclovir, kills tumor cells in an
immunogenic fashion.12 The TK protein also acts as a super-antigen,
stimulating an even more potent immune response.10 Viral and TKmediated induction of immunogenic cell death promotes anti-tumor
responses via recruitment and activation of antigen-presenting cells
(APCs) and subsequent T cell activation, resulting in an acute and
long-lasting memory immune response.13–15 Our work and that of
others showed that direct intratumoral (i.t.) GMCI delivery can
disrupt physical barriers within the tumor and modify the tumor
microenvironment via induction of local anti-tumor inﬂammatory
cytokine production.16,17 This intra-tumoral approach results in a
broad, polyclonal anti-tumor immune response and improves CD8
T cell trafﬁcking and function.
GMCI has shown safety and anti-tumor activity in multiple trials for
solid tumor types, including glioblastoma,18,19 pancreatic cancer,20
prostate cancer,21 and mesothelioma/malignant pleural effusions.22
In a recent malignant pleural effusion study from our group, three
of four NSCLC patients whose disease progressed through two to
four prior lines of therapy, lived more than 2 years.22 In a phase II
glioblastoma study, survival outcomes were signiﬁcantly improved,
particularly in patients where most of the immune-inhibitory primary
tumor was removed.18 Interestingly, multiple preclinical studies have
suggested that the impact of GMCI may be maximized when used in a
neoadjuvant fashion with surgery or other debulking therapies.13,15,17
Similar advantages were seen with neoadjuvant use of an adenoviral
vector expressing interferon (IFN)-b.23 In these circumstances, the
debulking both removes physical barriers within the tumor microenvironment and reduces local and systemic tumor-associated immunosuppressive cytokine and cellular barriers.14,17
Based on these observations, the current study explored the use of
GMCI in the context of surgically resectable NSCLC. A phase I
dose-escalation trial of i.t. neoadjuvant GMCI followed by deﬁnitive
resection 3 weeks after vector delivery was conducted. Clinical objec-
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tives were to evaluate the safety, feasibility, and dosing of this combination. The scientiﬁc objective was to obtain biological data to better
understand the impact of GMCI on the tumor microenvironment
with a speciﬁc focus on i.t. CD8 T cell activation and function while
also assessing its effect on systemic immune responses. GMCI effects
were evaluated by comparing post-resection specimens to (1) an internal control consisting of each patient’s own pre-treatment needle
biopsy and blood samples, and (2) an external cohort of matched patients who had undergone standard surgical resection without
GMCI.24 The results showed safety, feasibility, and evidence of significant immune activation. These data provide a foundation for additional clinical trials to optimize a multi-modal approach of neoadjuvant immunotherapy followed by surgery for resectable NSCLC
patients.

RESULTS
Subject Characteristics

Between May 2017 and October 2019, 22 subjects with presumed
resectable NSCLC were enrolled in this phase I, dose-escalation trial
of i.t. GMCI. As shown in the CONSORT diagram (Figure S1), seven
patients were excluded and did not receive AdV-tk for one of the
following reasons: (1) declined participation after enrollment but
before receiving AdV-tk (n = 2), (2) no deﬁnitive cancer diagnosis
was made at the time of staging procedure (n = 4), and (3) positive
mediastinal lymph node biopsy at staging precluded future resection
(n = 1). Three patients received AdV-tk but did not complete the trial,
one due to refusal to take valacyclovir and two because the ﬁnal pathology was other than NSCLC.
Twelve subjects completed neoadjuvant GMCI (AdV-tk + valacyclovir) and surgery with characteristics shown in Table 1. There were
three patients each in cohorts 1 and 2, and six in cohort 3. The median
age was 65 (range, 55–80), and the mean tumor size (largest diameter)
from baseline imaging prior to injection was 5.9 cm (range, 2.6–
14.8 cm). Eastern Cooperative Oncology Group (ECOG) performance status was 0 in 50% and 1 in 50%. The pre-treatment stage
was based on imaging prior to lymph node interrogation during the
bronchoscopic staging procedure. The ﬁnal tumor-node-metastasis
(TNM) and surgical stage was based on the pathology assessment
from the resection surgery (Table 1). Seven tumors were squamous
cell carcinomas, four were adenocarcinomas, and one was classiﬁed
as a sarcomatoid carcinoma.
Feasibility

Vector was successfully injected into all patients and added fewer than
5 min to the staging procedures. One patient received AdV-tk via
thoracoscopic staging while the remainder underwent vector delivery
via peripheral radial ultraminature endobronchial ultrasound (EBUS)
guide sheath-directed bronchoscopy (Table 1). Resections were approached via thoracotomy and included lobectomy (n = 8), bilobectomy (n = 1), pneumonectomy (n = 2), and segmentectomy (n =
1). Although inﬂammation and adhesions were consistently noted
at the site of vector delivery, dissection of pulmonary vessels and
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Table 1. Patient Characteristics
Patient ID Age Sex ECOG Tumor Sizea (cm) Tumor Location Pre-treatment TNM Pre-treatment Stage Histology Delivery Method Final TNM Surgical Staging
Dose Level 1: 2.5 ! 1011 vp
1LU02

74

M

0

9.4

RLL

T4N0

IIIA

SCC

VATS

T4N2

IIIB

1LU04

55

M

1

4.0

RLL

T2aN0

IB

SCC

EBUS

T2bN0

IIA

1LU05

57

M

1

5.4

LUL

T3N0

IIB

SCC

EBUS

T3N1

IIIA

T4N0

IIIA

SCC

EBUS

T4N0

IIIA

Dose Level 2: 5 ! 1011 vp
2LU01

65

M

1

9.8

RUL

2LU02

72

M

1

3.2

RUL

T2aN0

IB

adeno

EBUS

T2aN0

IB

2LU04

77

M

1

2.6

LLL

T1cN0

IA

SCC

EBUS

T2aN0

IB

Dose Level 3: 1 ! 1012 vp
3LU01

65

M

0

4.3

RLL

T2bN0

IIA

SCC

EBUS

T3N2

IIIB

3LU02

70

M

1

14.8

LLL

T4N0

IIIA

sarco

EBUS

T4N0

IIIA

3LU06

80

F

0

1.8/4

RUL/RLL

T2aN0

IB

adeno

EBUS

T3N2

IIIB

3LU08

63

F

0

6.5

RLL

T3N0

IIB

SCC

EBUS

T3N0

IIB

3LU12

64

M

0

3.3

RUL

T2aN0

IB

adeno

EBUS

T1cN0

IA

3LU13

62

F

0

3.6

RUL

T2aN0

IB

adeno

EBUS

T3N0

IIB

SCC, squamous cell carcinoma; VATS, video-assisted thoracoscopic surgery; EBUS, endobronchial ultrasound; adeno, adenocarcinoma; sarco, sarcomatoid carcinoma.
a
Largest diameter from baseline imaging.

airways was not made more challenging. Additionally, surgeons did
not appreciate any off-target visible intrathoracic irregularities.
Safety

The study drug was well tolerated with no dose-limiting toxicities
(DLTs) observed in any of the 12 subjects. Treatment-related adverse
events (Table 2) included grade 1 fever (n = 1), ﬂu-like symptoms (n =
1), and nausea/vomiting/diarrhea (thought to be related to the valacyclovir) (n = 1). The only grade >2 laboratory abnormalities were
transient grade 3 lymphopenia (n = 2). There was no evidence of hypoxia or a pulmonary parenchymal inﬂammatory response following
AdV-tk delivery. Importantly, as mentioned above, GMCI did not
delay any of the surgical procedures. Unrelated adverse events, laboratory abnormalities, and all serious adverse events are included in
Tables S2–S4, respectively,

Patients received standard of care after surgery, including adjuvant
chemotherapy if indicated by ﬁnal pathologic disease stage. The primary endpoints of this phase I study were safety and feasibility, and
thus the sample size and study duration were not powered to evaluate
efﬁcacy. However, at the time of this manuscript submission, we contacted all patients to obtain follow-up (see Table S5 for details). As of
June 2020, the median time of follow-up was 17.7 months with a
range of 7.5–32 months. All patients were alive and there were three
recurrences. Patient 1LU02P on dose level 1, with a large 9.4-cm tumor and a pathologic stage IIIB (T4N2), developed recurrence
26 months after surgery. Patient 3LU01P on dose level 3, with a
4.3-cm tumor and pathologic stage IIIB (T3N2), recurred 6 months

Table 2. Related Adverse Events and Acute Laboratory Abnormalities
Greater Than Grade 1
CTC Grade

Clinical Responses

Five patients receiving the highest AdV-tk dose underwent imaging in
the 3-week period between AdV-tk injection and surgery. Reduction
in tumor size was observed in one of these ﬁve patients (Figure 1). It is
noteworthy that this responding patient was quite unusual in that the
tumor was classiﬁed as a sarcomatoid carcinoma. The biocorrelative
analysis of this tumor was also unusual in that it showed an extremely
high percentage of lymphocytes (see details below). In the other four
cases, the tumor size was unchanged.
At the time of surgery, the estimated average percentage of necrosis in
the resection specimens did not differ (p = 0.5) between the treated
tumors (29.4%; SEM of 8.6%) and a group of 24 control patients
matched by histology and tumor size (34.6%; SEM of 7.2%)

Adverse Event

1

2

3

Gastrointestinal Disorders
Diarrhea

1

Nausea

1

Vomiting

1

General Disorders and Administration Site Conditions
Fever

1

Flu-like symptoms

1

Laboratory Abnormalities Greater Than Grade 1
Lymphopenia

2

CTC, common toxicity criteria.
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Figure 1. CT Scans of Tumor before and after AdVtk Administration
Thoracic CT scans from PT 3LU02P show a reduction in
size of the pleural-based tumor (white arrows) when the
scan from pre-AdV-tk administration (A) is compared to
the scan immediately prior to surgery 3 weeks later (B).

after surgery. The third, patient 2LU02P on dose level 2, with stage IB
NSCLC, received no adjuvant treatment and had recurrence
24 months after surgery.
Biocorrelates
Effect of Neoadjuvant GMCI on CD8 Tumor-Infiltrating
Lymphocytes (TILs)

To study the effects of GMCI on TILs, portions of the surgical resections
done 3 weeks after vector injection (called the “post-Rx” samples) were
digested and analyzed using ﬂow cytometry. These samples were ﬁrst
compared to the baseline tumor needle biopsies taken at the time of vector injection (called the “pre-Rx” sample). This analysis was performed
on 7 of the 12 patients (left panels of Figures 2, 3, and 4). Four were not
included in the analyses due to lack of adequate baseline biopsy samples,
and one was excluded because it was a sarcomatoid carcinoma with an
unusually high baseline T cell inﬁltration (75% of live cells; more than 2to 3-fold higher than any other patient). To supplement the analysis,
TIL data from this trial were also compared to similar data from 44
early-stage lung cancers recently reported by our group using the
same ﬂow cytometry panels and protocols (called “control” samples);24
these data are shown in the right panels of Figures 2, 3, and 4.
A 3.5-fold average increase in the percentage of CD3+ cells (of live
cells in the tumor biopsy sample) was found in the post-Rx sample
compared to the pre-Rx samples (p = 0.01) (Figure 2). The most signiﬁcant and consistently increased T cell subset was the CD8+ cells,
with a 5.2-fold increase (p = 0.001). The percentage of CD8+ cells
(of live cells in the tumor biopsy sample) was also increased by 1.3fold in the post-AdV-tk samples compared to the control lung cancer
samples (p = 0.05). CD4+ cells were increased by 2.7-fold in the postRx samples compared to the pre-Rx samples (p = 0.04), although
these were not signiﬁcantly increased compared to the control samples. The average percentage of CD4+ regulatory T (Treg) cells (of
live cells in the tumor biopsy sample) was increased 2.6-fold (Figure 2); compared to control samples, the Treg cell percentage was
decreased by 58% (p < 0.001). A representative example of the ﬂow
tracings (from patient 3LU13P) is shown in Figure S2.
In tumors, characterization of the CD8+ cells revealed signiﬁcant increases in proliferation and activation markers compared to baseline
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(Figure 3). For example, the proliferation
marker Ki67 showed a 4.8-fold average increase
(p = 0.02) compared to baseline and a 1.8-fold
increase compared to the control group (p =
0.02). Similarly, the activation marker CD38
showed a 2.5-fold increase compared to baseline
(p = 0.002); this was not assessed in the control group. The average
increase in human leukocyte antigen (HLA)-DR was 1.7-fold, which
was not signiﬁcantly different from baseline (p = 0.40), although two
patients did show marked increases. A representative example of the
ﬂow tracings (from patient 3LU13P) is shown in Figure S3.
Expression of so-called “inhibitory” receptors on the CD8+ TILs, also
a sign of activation, were likewise signiﬁcantly increased (Figure 4). Of
those analyzed, PD-1 showed an average 1.9-fold increase (p = 0.002),
CD39 an average 2.9-fold increase (p = 0.04), and CTLA-4 an average
4.8-fold increase (p < 0.001) over baseline. No signiﬁcant differences
were seen in TIM3 or TIGIT expression levels, although one patient
had a large drop in TIM3 expression. Similarly, compared to control
tumors, there was a signiﬁcant 1.3-fold increase in PD-1 (p = 0.014)
and a 1.7-fold increase in CD39 (p = 0.018), with no signiﬁcant differences in TIM3 or TIGIT. A representative example of the ﬂow tracings (from patient 3LU13P) is shown in Figure S4.
To assess T cell functionality, we tested the ability of the CD8+ TILs
from the surgical resection to produce intracellular IFN-g or tumor
necrosis factor (TNF)-a ex vivo after stimulation with plate-bound
anti-CD3 antibody and compared these data with our previously reported results from normal lung tissue and similar early-stage lung
cancer patients24 (Figure S5). In that previous study, we found that
>20% of T cells from normal lung tissues responded to anti-CD3 antibody to produce IFN-g and thus deﬁned a response of <20% of T cells
responding as hypofunctional. Using this deﬁnition from the prior
study, only about one-third of early-stage lung cancer patients had
TILs that were relatively hypofunctional. Although the mean of the
percentage of cells making intracellular IFN-g after stimulation was
slightly higher in the post-AdV-tk samples compared to our historical
controls, the difference was not signiﬁcant, nor was the difference in
the percentage of cells making intracellular TNF-a (Figure S5).
Effect of Neoadjuvant GMCI on PD-L1 Expression in Tumors

When the pre-treatment biopsy provided a sufﬁcient sample, the extent
of tumor cells expressing membranous staining for PD-L1 was assessed
by a pathologist (C.D.) and compared to the surgical specimen. There
was no statistically signiﬁcant difference in the eight evaluable patients
(p = 0.39), although one patient had a large increase (Figure S6).
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Figure 2. Effect of Neoadjuvant GMCI on Types of
TILs
Left panels: samples from baseline tumor needle biopsies
taken at the time of vector injection (called the “pre-Rx”
sample) are compared to the surgical specimens (called
the “post-Rx” sample). The percentage of specific types
of T cells of live cells in tumor biopsy samples are plotted.
The following markers are plotted: CD3+ cells, CD8+ cells,
CD4+ cells, and CD4+ regulatory T cells (CD4+/FOXP3+
cells). Paired t tests were applied to define the statistical
significance (p value) of the changes. Right panels: the
percentages of specific types of T cells of live cells in the
tumor biopsy sample from the current study (Ad.TK) were
compared with values from a recent independent study24
where TIL phenotype and function were analyzed in 44
early-stage lung cancers using the same flow cytometry
panels and protocols (called “control” samples). Student’s t tests were applied to define the statistical significance (p value) of the differences.
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Effects of Neoadjuvant GMCI on T Cells in the Blood

To assess the systemic effect of i.t. injection of AdV-tk followed by
valacyclovir, baseline peripheral blood mononuclear cells (PBMCs)
were obtained from patients prior to vector injection and compared
to PBMCs obtained at the time of surgery, "3 weeks after vector delivery. As shown in Figure 5A, there were no signiﬁcant differences
in the percent of CD3 or CD8 T cells in circulation; however, there
was a signiﬁcant 20% decrease in the percent of circulating CD4
T cells (p = 0.04) and CD4+/FOXP3+ Treg cells (p = 0.02). As

shown in Figure 5B, highly signiﬁcant increases in three CD8 T cell activation and proliferation markers were observed, including a
3.4-fold average increase in CD38 (p =
0.006), a 4.2-fold average increase in HLADR (p = 0.002), and a 5.8-fold average increase
in Ki67 (p = 0.017). These markers have been
previously shown to indicate T cell activation
after vaccination.25 Flow cytometry tracings
for one representative patient are shown in
Figure 6. Similarly, there were signiﬁcant increases in expression of the “inhibitory” receptors we examined with an average expression
increase of 2.3-fold in PD-1 (p = 0.043), 2.1fold in CD39 (p = 0.043), and 2.9-fold in
CTLA-4 (p = 0.004). There was no detectable
change in TIGIT expression (Figure 5C). A
representative example of the ﬂow tracings
(from patient 3LU13P) is shown in Figure S7.

In order to examine the speciﬁcity of these
CD8+ T cell activation changes in this trial after
i.t. AdV-tk injection, we compared our data to
Ad.TK
patient samples stored from two previous
clinical trials in which we injected the same
AdV-tk vector (three samples), or a similar replication-deﬁcient
type 5 adenovirus vector encoding IFN-a (two samples) into the
pleural spaces of cancer patients. PBMCs from the ﬁve patients before
the delivery of the vectors and then again 14 days later were analyzed
using the same ﬂow cytometry protocol used for this trial. In the
PBMCs from the other adenovirus trials, smaller, but still signiﬁcant
increases in the pre- versus post-treatment expression of CD38
(average 1.7-fold increase; p = 0.02) and Ki67 (average 2.9-fold increase; p = 0.03) were seen without a signiﬁcant increase in HLA-
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Figure 3. Effect of Neoadjuvant GMCI on Activation
Markers and Cytokine Production in CD8+ TILs
Using the same samples as described in Figure 2, the
expression of three proliferation/activation markers (Ki67,
CD38, and HLA-DR) on the CD8+ TILs in the pre-Rx
samples were compared to post-Rx tumor samples.
Paired t tests were applied to define the statistical significance (p value) of the changes. The upper right panel
shows the comparison between the Ki67 expression in
this trial compared to our lung cancer control samples. A
Student’s t test was applied to define the statistical significance (p value) of the differences.

logic resection would generate memory immune responses that might reduce lung cancer
recurrence. To move forward with this strategy,
our ﬁrst step was to establish the safety and
feasibility of neoadjuvant AdV-tk delivery in
lung cancer and to determine the immediate
immunologic effects of GMCI.

DR expression (Figure S8). However, in samples from those trials, no
signiﬁcant systemic increases were seen in expression of CD39,
CTLA-4, TIGIT, or PD-1 (Figure S9).
Effect of Neoadjuvant GMCI on Anti-tumor Antibodies

Pre-AdV-tk injection serum and serum collected "6 weeks after surgery were available from eight subjects and used to perform immunoblots on gels containing seven different human lung cancer cell lines.
New or increased bands were identiﬁed in three of the eight subjects
(Figure S10).

DISCUSSION
The rationale for a neoadjuvant in situ vaccination approach is that
GMCI can release endogenous tumor antigens, alter the tumor microenvironment, stimulate endogenous TILs, and expand the tumor-speciﬁc T cell repertoire. Based on our previous preclinical and clinical
data (discussed above), we postulated that administering AdV-tk in
a neoadjuvant setting followed by standard-of-care complete onco-
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In terms of safety, our data show that direct i.t.
AdV-tk administration followed by oral valacyclovir administration was very well tolerated
and did not compromise the ability of the surgeon
to carry out a complete oncologic resection. Offtarget inﬂammatory responses were not obvious
within the chest or lung parenchyma and did
not impede the ability of the surgeon to identify
and to isolate bronchovascular structures and to
resect tumors safely. The safety of intra-tumoral
injection of adenoviral vectors into lung cancers
shown in this trial is consistent with a number
of previous studies where only minimal side effects were noted. These include injection of
adenoviral vectors encoding b-galactosidase and
interleukin (IL)-2,26 p53,27,28 and L523S, an immunogenic lung cancer
antigen.29
With regard to feasibility, the study showed that bronchoscopic AdVtk delivery was possible at the time of an initial diagnostic and staging
procedure. By coupling vector delivery with the standard-of-care
diagnostic procedure, we further reduced potential risk and discomfort to the patient. In our patient population, there were no difﬁculties
with the oral prodrug, but if needed, the intravenous (i.v.) prodrug
could be used as an alternate. Although there were technical challenges that restricted vector delivery to some lesions, in the future,
more advanced bronchoscopic technologies, such as robotics and
cone beam computed tomography (CT) scan, should expand the lesions accessible to bronchoscopic vector delivery. In addition, the
use of transthoracic needle biopsy may be an alternative vector delivery strategy. A minimally invasive video-assisted thoracoscopic injection was performed as a proof of principle, which could constitute yet
another alternative in selected patients.
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Figure 4. Effect of Neoadjuvant GMCI on Inhibitory/
Activation Markers in CD8+ TILs
Left panels: using the same samples as described in
Figure 2, the expression of five inhibitory/activation
markers (PD-1, CD39, CTLA-4, TIM3, and TIGIT) on
CD8+ T cells in the pre-Rx samples were compared to
post-Rx tumor samples. Paired t tests were applied to
define the statistical significance (p value) of the changes.
Right panels: the percentages of specific markers on
CD8+ T cells from the current study (Ad.TK) were
compared with values from a recent independent study,24
where TIL phenotype and function were analyzed in 44
early-stage lung cancers using the same flow cytometry
panels and protocols (control samples). Student’s t tests
were applied to define the statistical significance (p value)
of the differences.

based on the dose used. The vector dose for
future clinical studies being planned will be
within the dose range tested in the present study.
The other major goal of this trial was to evaluate
the immediate immune effects of GMCI. Since
GMCI induces a broad, polyclonal response to
undetermined tumor neoantigens, its effect
cannot be easily quantiﬁed by assessing the
numbers of antigen-reactive cells in blood or tumor using tetramer staining or enzyme-linked
immunospot (ELISPOT) assays, as is traditionally done for antigen-speciﬁc vaccines. It is
much more challenging to assess the immunological effects where the targets and responses
are generated in situ and are patient speciﬁc.
To identify T cell responses in this study, we
used an approach initially described by Miller
et al.25 that analyzed blood CD8 T cell responses
after yellow fever and vaccinia vaccines in
normal volunteers. In that study, using ﬂow cytometry, they were able to demonstrate that the
cellular response to the vaccine could be identiﬁed best by upregulation of the CD8 T cell activation markers CD38 and HLA-DR, along with
evidence of T cell proliferation marked by
increased expression of the intracellular marker
Ki67. They found that the response peaked
about 2 weeks after vaccination.

No maximum tolerated dose (MTD) was identiﬁed since there were no
DLTs in the tested dose levels, similar to other GCMI trials. Previous
clinical studies with GMCI have shown responses within the dose
ranges tested in this study and shown a relatively broad therapeutic
window. We did not detect signiﬁcant immune response differences

Although our study used i.t. injection and a systemic signal was not necessarily expected, blood
samples were evaluated in a similar time window as described in the
Miller study (at the time of vector delivery and "3 weeks afterward at
the time of surgery). Surprisingly, AdV-tk directly injected into
NSCLC tumors not only caused signiﬁcant immunostimulation in
the tumor microenvironment, but it also generated a signiﬁcant
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Figure 5. Effects of Neoadjuvant GMCI on T Cells in
the Blood
Expression of T cell markers was assessed on baseline
peripheral blood mononuclear cells (PBMCs) obtained from
each patient prior to vector injection and compared to
PBMCs obtained at the time of surgery (19–22 days after
vector delivery). Paired t tests were applied to define the
statistical significance (p value) of the change. (A) The
percentages of specific types of T cells within the live
PBMC population are plotted: upper left, CD3+ T cells;
upper right, CD8+ T cells; lower left, CD4+ T cells; lower
right, CD4+ regulatory T cells (CD4+/FOXP3+ cells). (B) The
percentage of CD8+ T cells expressing specific activation/
proliferation markers are plotted: upper left, CD38; upper
right, HLA-DR; lower left, Ki67 (proliferation marker); lower
right, 41BB (CD137). (C) The percentage of CD8+ T cells
expressing specific inhibitory/activation markers are
plotted: upper left, PD-1; upper right, CD39; lower left,
CTLA-4; lower right, TIGIT.
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Figure 6. Flow Cytometry Tracings Showing Activation Markers on CD8+ T
Cells in PBMCs from Patient 3LU13P
Examples of flow tracings from the CD8+ T cells of pre-treatment (day 0, upper
tracings) and post-treatment (day 21, lower tracings) in the PBMCs from one patient
(3LU13P) are shown. Expression of HLA-DR, Ki67, and CD38 are shown as
marked.

systemic signal as observed in peripheral blood T cells. Although
GMCI did not induce quantitative changes of CD8+ T cells in PBMCs,
CD8+ T cells were functionally more activated following GMCI with
signiﬁcant upregulation of CD38, HLA-DR, and Ki67. An increased
expression of the surface markers PD-1, CD39, and CTLA-4, which
can also be associated with recent T cell stimulation, was additionally
noted. There was also a small decrease in the percentage of CD4+ cells
and CD4+ Treg cells. In summary, these data indicate that i.t. GMCI
induced strong peripheral CD8+ T cell activation. However, we only
detected anti-tumor antibody responses to allogeneic cell lines in
three of our subjects. TCR sequencing was not performed because
interpretation would likely be difﬁcult due to an expected increased
in T cell clones directed against adenoviral antigens that could potentially overwhelm any neoantigen clones.
A major advantage of a neoadjuvant “window of opportunity” trial,
such as this, is the availability of a large tissue specimen at a controlled
time point after therapy administration, in this case, "3 weeks after
AdV-tk injection. However, in neoadjuvant studies, a major consideration is selection of appropriate comparator samples. Given the known
heterogeneity of NSCLC, the ideal comparator would be a large surgical
biopsy taken at the time of AdV-tk delivery. This was not possible, but
we were able to obtain pre-treatment core needle biopsies suitable for
immunohistochemical and ﬂow cytometric analyses in 7 of the 12 patients. To supplement our analysis, we used an independent surgical biopsy control group (that was very similar in histology, stage, sex, and
age to those operated upon in the current trial) from a large study
recently conducted by our group to analyze the CD8 T cell phenotypes

and function in early-stage lung cancers.24 These comparisons with our
surgical samples were quite congruent with our core needle biopsy
comparisons and showed a number of ﬁndings supporting the conclusion of i.t. GMCI-induced T cell activation. First, signiﬁcant increases
in the percentage of CD3+, CD4+, and CD8+ TILs in treated tumors
were noted. Second, signiﬁcant increases in the expression of the activation markers Ki67 and CD38 on the CD8+ TILs were seen, although,
in contrast to blood, the increase in TIL HLA-DR was not signiﬁcant.
Third, signiﬁcant increases in the so-called “activation/inhibitory receptors” that included PD-1, CD39, and CTLA-4 were also noted,
further suggesting that the T cells had been activated. The upregulation
of CD39 on the TILs is especially interesting, as a number of recent reports have suggested that CD39 is a marker of tumor-reactive TILs.30,31
Another value of the control group comparisons was exempliﬁed by the
analysis of CD4 Treg cells. In the study samples, there appeared to be a
small increase in the percentage of CD4 Treg cells in the surgical specimens compared to the pre-treatment core needle biopsy samples.
However, when compared to the historical control group, the percentage of CD4 Treg cells was signiﬁcantly lower, suggesting that GMCI
may actually have reduced the increase of CD4 Treg cells. In terms
of T cell functionality, we noted no differences in the amounts of cytokines secreted by the CD8+ TILs isolated from the post-AdV-tk surgical
samples from this trial compared to our previous study. However, in
both cases, less than half of the T cells showed hypofunction in
response to CD3 antibody stimulation (as compared to T cells obtained
from non-cancerous lungs). It is possible, however, that the higher level
of inhibitory receptors might have made these T cells more sensitive to
inhibition in situ.
The large tumors injected in this trial had a relatively high amounts of
necrosis noted on qualitative examination of the surgical specimen.
We think this necrosis was not likely due to the AdV-tk injection,
as we saw similar degrees of necrosis in a size-matched control group
of patients. However, induction of large areas of vector-induced necrosis is not critical for efﬁcacy, as the GMCI approach primarily depends on bystander effects caused by inducing immune responses.
This does not require large-scale tumor destruction, but only enough
cell killing to induce anti-tumor immune response. In our early
studies of AdV-tk after intrapleural instillation in mesothelioma patients, we saw only limited amounts of gene transfer 3 days after vector instillation, yet we induced strong immune and clinical responses
with a number of the patients living >3 years and two living longer
than 6.5 years.32
We also assessed the pre- and post-tumor biopsies for expression of
PD-L1 on the tumor cells. Unlike other AdV-tk human trials showing
PD-L1 upregulation (see below), the samples in this study did not
show any signiﬁcant increased PD-L1 expression. This may have
been impacted by the relatively large percentage of necrosis seen in
these tumors.
This feasibility trial was not powered to address clinical efﬁcacy; however, there were some interesting observations. First, none of the 12
subjects had succumbed to their disease with 7–32 months of

Molecular Therapy Vol. 29 No 2 February 2021

9

Please cite this article in press as: Predina et al., Neoadjuvant Gene-Mediated Cytotoxic Immunotherapy for Non-Small-Cell Lung Cancer: Safety and Immunologic Activity, Molecular Therapy (2020), https://doi.org/10.1016/j.ymthe.2020.11.001

Molecular Therapy

follow-up. Furthermore, only three subjects have had recurrences.
Given the advanced stage of the included subjects (see Table 1), we
think that this is provocative, but we also acknowledge the need to
continue follow-up and evaluate this strategy in larger studies. In
the highest dosing cohort, subjects underwent baseline and post-vector CT scans to assess for effects. One patient had an impressive
reduction in tumor size without any additional intervention in-between the scans (Figure 1). However, this response may be quite unusual, as this subject’s histology showed a very rare subtype (sarcomatoid carcinoma) and the subject had a very high baseline inﬁltration of
CD8 T cells that may have made them more responsive to the GMCI.
Our data extend the results from other clinical trials using i.t. GMCI
that demonstrate immune activation in injected tumors. Ayala et al.21
gave intra-prostatic AdV-tk injections followed by surgery 2–4 weeks
later. They noted a signiﬁcant "3-fold increase in CD8 T cells within
treated tumors. They also observed an increase in the percentage of
CD8 T cells expressing HLA-DR 2 weeks after GMCI started. Rojas-Martínez et al.33 performed a similar prostate cancer trial and
anecdotally noted increased numbers of activated CD8 T cells in
post-treatment biopsies. Aguilar et al.20 reported a trial of i.t. AdVtk injection in pancreatic cancer that showed a signiﬁcant increase
in CD8+ T cell inﬁltrates, as well as tumor PD-L1 expression.
Although there is a consistent trend of GMCI-mediated immune
stimulation, several questions remain. One of the presumed advantages of this approach is the ability to generate antigens in situ for
an auto-vaccination to the tumor. In pre-clinical models, this has
been demonstrated by same tumor challenge or passive transfer of
T cells from a treated animal to a naive animal.13,14,34 However, in
this clinical study, it is not known how much of the activation that
we observed was due to a response to the i.t. injection of a highly inﬂammatory replication-deﬁcient adenovirus11 or due to the immune
stimulation caused by tumor cell death and super-antigen activation
induced by the TK transgene.20 Although the question could be
partially answered by using a control adenoviral vector without transgene, this was not considered justiﬁed in a clinical setting. As an
imperfect alternative, the results were compared to ﬁve samples
from two previous clinical trials in which we instilled similar doses
of either AdV-tk or a similar replication-deﬁcient adenoviral vector
encoding IFN-a2A into the pleural spaces of patients with malignant
mesothelioma or lung cancer and obtained blood about 2 weeks
later.22,35 In those trials, there were also signiﬁcant increases of
CD38 and Ki67 in circulating CD8+ T cells, although the changes
observed were smaller than those seen in the current trial. These comparisons are difﬁcult to interpret because of the number of different
variables, including tumor types, small numbers of samples, and route
of administration. Nonetheless, it appears that i.t. GMCI for NSCLC
induced more potent peripheral CD8+ T cell activation than the previous intra-pleural injections.
The increase in expression of “inhibitory” receptors on TILs and
PBMCs, such as PD-1, CD39, and CTLA-4, is also a sign of activation,
but it could limit the effectiveness of the anti-tumor immune
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response. An increase in checkpoint ligand expression after GMCI
has been seen in other clinical trials. In the pancreatic cancer
GMCI clinical trial, PD-L1 levels were increased in ﬁve of seven patients analyzed.20 There is preclinical data to support the hypothesis
that a combination of adenoviral gene therapy (including oncolytic
adenoviral vectors and GMCI) with checkpoint inhibitors may be
synergistic.36 Woller et al.37 demonstrated that treatment of lung cancers with an oncolytic adenovirus signiﬁcantly abrogated systemic
resistance to PD-1 immunotherapy, leading to improved elimination
of disseminated lung tumors. Kuryk et al.38 found that combination of
an immunogenic oncolytic adenovirus with the anti-PD-1 antibody
pembrolizumab exhibited a synergistic antitumor effect in the humanized A2058 melanoma huNOG mouse model. With regard to
AdV-tk, Shin et al.39 showed that an adenovirus expressing both
TK and a soluble PD-1 enhanced antitumor immunity by strengthening the CD8 T cell response. Most relevant to our study, preclinical
experiments in a glioblastoma model showed synergy from the combination of GMCI and an anti-PD-1 antibody.15 Although in this
clinical trial, we did not observe consistent PD-L1 increases on the
NSCLC cells, it is known that PD-1-driven inhibition can also occur
during interactions of CD8 T cells with dendritic cells in tumordraining lymph nodes,40 supporting evaluation of a combined
approach with a checkpoint inhibitor regimen.
In summary, this trial of GMCI in resectable NSCLC shows that i.t.
AdV-tk delivery is safe, feasible, and results in systemic and intra-tumoral CD8+ T cell activation. Given these ﬁndings, additional studies
in NSCLC and combination studies with checkpoint blockade should
be considered to evaluate the ability to increase response rates and
reduce recurrence rates through generation of GMCI-mediated memory immunologic responses.

MATERIALS AND METHODS
GMCI

AdV-tk (aglatimagene besadenovec) is a non-replicating human
adenovirus serotype 5 vector containing the HSV-tk gene driven by
a Rous sarcoma virus long terminal repeat.41 Following transduction,
the HSV-tk protein produced from AdV-tk phosphorylates antiherpetic prodrugs (e.g., ganciclovir and valacyclovir), thus converting
to a toxic agent that produces immunogenic cell death. AdV-tk was
produced in accordance with current good manufacturing practices
and provided by Advantagene (d.b.a. Candel Therapeutics, Needham,
MA, USA). Following vector delivery, subjects were treated with
14 days of oral valacyclovir (2 g three times per day).
Study Design

This open-label, phase I dose-escalation trial was approved by the University of Pennsylvania Institutional Review Board (ClinicalTrials.gov:
NCT03131037). Informed consent was obtained before enrollment.
Eligible patients had presumed resectable NSCLC with lung tumors
measuring 2 cm or greater. All of the patients underwent radiographic
staging with 1-mm ﬁne-cut CT and positron-emission tomography
(PET) scanning. Any patient with mediastinal lymph nodes larger
than 10 mm in maximal measurement and evidence of elevated
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standardized uptake value (SUV) (>2.5) were not eligible for the trial
and underwent additional staging to determine whether they were surgical candidates. It is our institutional practice that if a patient who is
deemed a surgical candidate and has no PET avid nodes and all nodes
by CT scan are less than 5 mm in the short axis, then these patients do
not undergo pre-resection curvilinear EBUS nodal interrogation of nodes less than 5 mm, as it is technically challenging and the probability of
cancer recovery in these patients is likely less than 5%. Patients with nodes between 5 and 10 mm in size were staged with curvilinear EBUS
nodal interrogation of nodes at nodal stations 3, 4, and 7. One patient
had a level 5 node sampled via video-assisted thoracoscopic surgery
(VATS). No mediastinoscopies were performed. These nodal needle biopsies were evaluated in real time by a cytopathologist in the operating
room, and any patients with positive cytology were excluded from surgery and from the trial. By deﬁnition (as shown in Table 1), all patients
were deemed to be N0 by this approach.
Other eligibility criteria stipulated a minimum age of 18 years and
ECOG performance status of 0 or 1. Laboratory inclusion criteria
included bilirubin %1.5 ! upper limit of normal (ULN), serum glutamic-oxaloacetic transaminase (SGOT) (aspartate aminotransferase
[AST]) %3 ! ULN, granulocyte count (absolute neutrophil count
[ANC]) R1,000/mm3, peripheral lymphocyte count R500/mm3, hemoglobin R9 g/dL, platelets R100,000/mm3, serum creatinine
<2 mg/dL, and calculated creatinine clearance >30 mL/min.
On day 0, subjects underwent standard-of-care mediastinal lymph
node staging via EBUS or a minimally invasive surgical approach.
Any suspicious lymph nodes were examined on-site by a cytopathologist. When the absence of nodal involvement was conﬁrmed and the
primary lesion biopsy demonstrated ﬁndings consistent with NSCLC,
primary lesion biopsies were performed for collection of baseline tissue for biocorrelative analyses prior to AdV-tk injection. The assigned
AdV-tk dose was then administered in 2 mL using a 22G needle in up
to four locations within the tumor. Vector delivery was via peripheral
radial ultraminiature EBUS guide sheath-directed bronchoscopy. The
peripheral ultraminiature probes are 1.4 and 1.7 mm in diameter and
can be threaded through a guide sheath and advanced as far as the
pleural surface. Once a lesion was identiﬁed by peripheral ultraminiature radial EBUS, the guide sheath was left in place and instruments
for biopsy were passed through the guide sheath for tissue acquisition.
The guide sheath remained in place and the needle for vector delivery
was passed through the guide sheath into the tumor and the vector
was delivered. Three dose cohorts were evaluated: cohort 1, 2.5 !
1011 vector particles (vp); cohort 2, 5 ! 1011 vp; cohort 3, 1 ! 1012
vp. On day 1, subjects began oral valacyclovir at 2 g three times daily
for 14 days, as has been established in previous trials. Patients underwent standard-of-care surgery on day 18–24, followed by standardof-care adjuvant therapy based on ﬁnal surgical pathology staging.
Safety Monitoring

Toxicity was assessed using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version 4.03.42
DLTs were deﬁned as any of the following GMCI-related adverse

events: grade 3 or greater allergic reaction, grade 4 hematologic
toxicity persisting for >7 days (except lymphopenia), grade 3 hypoxia
lasting for 48 h, any grade 4 non-hematologic toxicity, or any grade 3
non-hematologic toxicity (except alanine aminotransferase [ALT],
AST, alkaline phosphatase, bilirubin, or creatinine) lasting for
>7 days. The MTD was deﬁned as the highest dose level in which
no more than one patient developed a DLT up to 2 weeks after
surgery.
Biocorrelative and Immunologic Data

Immune responses were assessed by evaluation of serially collected
pre- and post-vector tumor, serum, and PBMC samples. Baseline tumor samples were obtained by core biopsy or ﬁne needle aspiration,
and after-treatment samples were obtained from the operative specimen. Baseline biopsies and a portion of operative samples were
formalin-ﬁxed and parafﬁn-embedded and then compared using a
combination of hematoxylin and eosin staining and immunostaining
(CD8, PD-L1) as previously described by our group.35 The needle biopsy and a portion of the operative specimen were immediately digested as previously described43 and compared to baseline tumor aspirates by ﬂow cytometry (using antibodies against CD3, CD4, CD8,
FOXP3, Ki67, HLA-DR, CD38, CD39, 41BB, PD-1, CTLA-4, TIGIT,
and TIM-3). Tumor digests were also treated with monensin/brefeldin, submaximally stimulated with plate-bound anti-CD3 antibodies
(0.5 mg/mL) for 18 h, and then subjected to intracellular cytokine
staining for TNF-a and IFN-g as previously described in detail by
our group.24,44 Antibodies used are listed in Table S1. The data
from our previous analysis of early-stage lung cancer surgery patients24 was replotted and analyzed as a control group to the AdVtk-treated patients.
PBMCs were collected at day 0 (D0) and at the day of surgery and
compared by ﬂow cytometry in a batched fashion as previously
detailed.35
To detect induced humoral responses against tumor antigens, we performed immunoblotting against puriﬁed extracts from commercially
purchased allogeneic lung cancer cell lines similar to the approach we
have used previously for mesothelioma.35 Serum for immunoblotting
was obtained from D0 and "D43 (before the administration of adjuvant chemotherapy). Extracts from cells were prepared and immunoblotted with patient serum diluted at 1:1,500. Multiple exposures were
obtained and comparisons were made only on the exposures in which
the major bands detected on pre-treatment blots were of equal intensity in post-treatment blots. Two independent, blinded observers
visually scanned each blot to detect humoral responses and came to
a consensus score.
For estimates of tumor necrosis, each subject’s surgical pathology
specimens were reviewed and an estimate of tumor necrosis was
made by a thoracic pathologist (C.D.). We analyzed the entire tumor
when gross tumor size was %3.0 cm. For tumors R3.0 cm, one section per cm of tumor was submitted for evaluation using sections
showing the greatest dimension for evaluation. Tumor necrosis
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present was then evaluated based on the size of the tumor in its largest
dimension on each section and an estimate of area of tumor necrosis
relative to the tumor present. These values were then averaged to estimate total percent tumor necrosis. A case-control comparison was
made in which we selected two historical “matching” cases based
on similar histology and tumor size for each subject and estimated
the degree of necrosis.
Statistical Analysis

A standard 3+3 design was used to determine the MTD with an implicit 50% chance of further dose escalation after achievement of a
toxicity rate of 30%. Correlative data are presented as mean (standard
error) unless noted. Differences between two independent groups
with continuous data were compared by the Student’s t test. Differences between samples from the same patient taken at different
time points were compared by paired two-sided t tests. Comparisons
were made using Stata: Release 14 (Stata, College Station, TX, USA). A
p value of 0.05 was considered statistically signiﬁcant.

SUPPLEMENTAL INFORMATION
Supplemental Information can be found online at https://doi.org/10.
1016/j.ymthe.2020.11.001.
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Activation Markers with other Ad Trials
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Supplemental Figure 10. Immunoblots before and after Ad.TK

Supplemental Figure Legends
Supplemental Figure 1. Consort Diagram of the Phase 1 Trial
Twenty-two subjects met inclusion criteria and were enrolled in the Phase I trial. Seven
patients were excluded before vector instillation (see- Pre-treatment Dropout box for
reasons) and did not receive AdV-tk. Three patients were excluded after receiving AdVtk (see Mid-treatment Dropout box for reasons). Twelve patients completed the trial.
Three subjects received 2.5x1011 vp of AdV-tk (Cohort 1), 3 subjects received 5.0x1011
vp (Cohort 2), and 6 received 1.0x1012 vp (Cohort 3).

Supplemental Figure 2. Flow Cytometry Tracings Showing the Gating Strategy for
Lymphocyte Analysis in tumors and blood. Tumor digest from Patient 3LU13P was
examined for forward scatter (FSC) versus a live/dead stain (upper left tracing). Live
cells were gated and examined for side scatter (SSC) versus expression of CD3 to
identify T cells (circle in upper right tracing). CD3+ cells were gated and stained for
CD8 and CD4 cells (lower left tracing). CD3 cells were gated and stained for CD4 and
FOXP3 to identify T-regulatoy cells (upper right quandrant).

Supplemental Figure 3. Flow Cytometry Tracings showing Activation Markers on
CD8+ TILs from Patient 3LU13P.

Examples of flow tracings from the CD8+ T cells of

pre-treatment (Day 0, upper 3 tracings) and post-treatment (D21, lower 3 tracings) from
one patient (3LU13P) are shown.
shown as marked.

Expression of HLA-DR (DR), Ki67, and CD38 are

Supplemental Figure 4. Flow Cytometry Tracings showing Inhibitory Markers on
CD8+ TILs from Patient 3LU13P.

Examples of flow tracings from the CD8+ T cells of

pre-treatment (Day 0, upper 3 tracings) and post-treatment (D21, lower 3 tracings) from
one patient (3LU13P) are shown.

Expression of PD1, CD39, CTLA4, and TIGIT are

shown as marked.

Supplemental Figure 5. TIL activation
T cells isolated from each surgical sample were stimulated overnight with
brefeldin/monensin and plate-bound anti-CD3 antibody and subjected to flow cytometry
to detect intracellular cytokine production. The percent of CD8+ T cells expressing
cytokine is plotted. No differences in the ability of the CD8+ TILs to produce intracellular
IFN-γ or TNF- were noted in the samples from this trial (AdV-tk) when compared to the
CD8+ T cells from the early stage lung cancer patients (student t-test) (see Figure 2
population called Control).

Supplemental Figure 6: Expression Level of PDL1 on tumors as assessed by IHC. To
determine if GCMI would upregulate the expression of PD-L1, a pre-treatment biopsy
(when enough cells were present) and the surgical specimen after the treatment were
stained for PD-L1 and the extent of tumor cells expressing membranous staining for PDL1 was assessed by a pathologist (C.D.). We were able to assess staining in 8 pairs of
samples. Paired t-tests were applied to define the statistical significance (p value) of the
change.

Supplemental Figure 7. Flow Cytometry Tracings showing Inhibitory Markers on
CD8+ Cells in PBMC from Patient 3LU13P.

Examples of flow tracings from the CD8+

T cells of pre-treatment (Day 0, upper 3 tracings) and post-treatment (D21, lower 3
tracings) from the PBMCs from one patient (3LU13P) are shown.

Expression of PD1,

CD39, CTLA4, and TIGIT are shown as marked.

Supplemental Figure 8. Comparison of PBMC Activation Markers with other
Adenoviral Vector Trials
CD8+ T cell activation changes in this trial were compared to 5 samples from two previous
clinical trials in which the same AdV-tk vector followed by valacyclovir was injected
intrapleurally in patients with malignant pleural effusions (3 patients) and a trial in which
a similar replication-deficient type 5 Adenovirus encoding interferon alpha (IFN-α) was
injected intrapleurally into patients with malignant mesothelioma (2 patients). Thawed
PBMCs from the 5 patients before the delivery of the vector and then again 14 days later
were analyzed using the same flow cytometry protocol as used for the this AdV-tk trial.
The percentage of CD8+ T cells expressing each activation marker is plotted. In the right
hand panels, “Pre Rx” = values from current neoadjuvant AdV-TK trial before vector
instillation; “Post Rx” = values obtained at the time of surgery in the current trial; “Other
Ad Pre Rx” = values from previous AdV-TK trials before vector instillation; “Other Ad Post
Rx” = values from previous AdV-TK trials 2 weeks after vector instillation.

In the right

hand panels, the pre- and post-Rx values from the previous trials are compared. Paired
t-tests were applied to define the statistical significance (p value) of the change. The
following activation markers were assessed: CD38, HLA-DR, Ki67, and 41BB (CD137).

Supplemental Figure 9. Comparison of PBMC Inhibitory Receptors with other Ad
Trials
Left hand panels:

The percent of PBMC-derived CD8 T cells expressing PD1, CD39,

CTLA-4, and TIGIT from pre-treatment and post-treatment (day of surgery) data from
the current trial samples (first two bars) are compared with the pre- and post-vector
PBMC CD8+ T cell data from two previous clinical trials in which we injected
intrapleurally the same AdV-tk vector followed by valacyclovir (3 patients) into patients
with malignant pleural effusions and a trial in which a similar replication-deficient type 5
Adenovirus encoding interferon alpha (IFN-α) was injected intrapleurally into patients
with malignant mesothelioma (2 patients) (3rd and 4th bars).
Right hand panels: The changes in the percent of PBMC-derived CD8+ T cells
expressing PD1, CD39, CTLA-4, and TIGIT from the from two previous clinical trials for
each patient are plotted. None of these changes were significant by paired t-tests.

Supplemental Figure 10. Immunoblots before and after AdV-tk. We used pre-AdV-tk
injection serum and 4-6 weeks post-resection serum to perform immunoblots on gels
containing 7 different human lung cancer cells lines. Samples were available from 8
subjects. New or increased bands are shown in red boxes (in 3 of the 8 subjects).

Supplemental Information
Suppl. Table 1. Single cell surface and intracellular markers used in the study
Antibody
CD103
CD137 (41BB)
CD3
CD38
CD39
CD4
CD8
CTLA-4
FoxP3
HLA-DR
IFNKi67
PD-1
PD-L1
TIGIT
TIM-3
TNF-α

Clone
Ber-Act8
4B4-1
UCHT1, SK7
HIT2
A1
OKT4
RPA-T8
BNI3
206D
G46-6
4S.B3
20Raj1
EHI2-H7
M1H1
MBAS43
F38-232
Mab11

Source
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
BD Biosciences
BD Biosciences
Biolegend
BD Biosciences
Biolegend
eBioscience
Biolegend
Biolegend
eBioscience
Biolegend
Biolegend

Supplemental Table 2. Unrelated Adverse Events
Time period 1 corresponds to day 0-1 relative to AdV-tk administration, Time period 2 is day 2
to surgery (approximately day 21). Time period 3 corresponds to the day of surgery to 4 weeks
post-surgery. CTC= Common Terminology Criteria for Adverse Events.
Adverse Event
Blood and lymphatic system
Splenomegaly
Cardiac disorders
Atrial fibrillation
Heart failure
Sinus bradycardia
Sinus tachycardia
Ear and labyrinth disorders
Hearing impaired
Tinnitus
Gastrointestinal disorders
Abdominal distension
Abdominal pain
Constipation
Diarrhea
Dyspepsia
Dysphagia
Hepatic steatosis / Fatty liver
Indigestion
Nausea

Time period 1
CTC
CTC
CTC
1
2
3

Time period 2
CTC
CTC
CTC
1
2
3

Time period 3
CTC
CTC
CTC
1
2
3
1
1
1
1

1
1
1
1
1
2

1

1
1
1
1

1
1

1
1

General disorders
Diaphoresis
Edema limbs
Fatigue
Fever
Malaise
Non-cardiac chest pain
Pain
Infections and infestations
Skin infection
Wound infection
Lung infection (pneumonia)

1
1

1

1
1

1
1
3
1
1

1
1

5

2

1
1
1

Injury and procedural
Air leak
Fracture
Wound complication

1

2
1
1

Adverse Event

Time period 1
CTC
CTC
CTC
1
2
3

Metabolism and nutrition
Anorexia
Diabetes Mellitus Exacerbation
Hyperglycemia

Time period 2
CTC
CTC
CTC
1
2
3
1

Time period 3
CTC
CTC
CTC
1
2
3
2

1
1
1

Severe protein-calorie
malnutrition

1

Musculoskeletal
Back pain
Crepitus
Muscle spasms
Nervous system disorders
Dysgeusia
Headache
Paresthesia
Tremor
Psychiatric disorders
Agitation
Anxiety
Insomnia
Renal and urinary disorders
Urinary retention

1
1
1
1
1

1
1
1

1
1

1
2

1

2

Respiratory, thoracic,
mediastinal disorders
Bronchopleural fistula
Cough
Crackles
Dyspnea
Hemoptysis
Hypoxia
Nasal congestion
Pneumothorax
Subcutaneous emphysema
Wheezing

1
4

1

3
1

2

1
1
2
1
2
2
1

Surgical and medical
procedures
Surgical pain
Vascular disorders
Hypotension

1
1

1

1

Supplemental Table 3. Laboratory Abnormalities

Lab Abnormality

Post-Injection
CTC 1

Elevated AST/ALT
Elevated Bilirubin
Elevated Creatinine
Elevated Potassium
Elevated Sodium
Low Albumin
Low Calcium
Low Hemoglobin
Low Leukocytes (WBC)
Low Lymphocytes
Low Platelets
Low Potassium
Low Sodium

CTC 3

1
1
1
1
1
2
1
2
2
3
2

Post-Surgery
CTC 1

CTC 2

1

2

1
9
7
1
2
1
1
3

2
1

Supplemental Table 4. All SAEs reported.
Time period 3 corresponds to the day of surgery to 4 weeks post-surgery.

PCN
1LU04P
2LU01P
3LU01P

3LU05P

Category
Infections and
infestations
Cardiac disorders
Respiratory,
thoracic and
mediastinal
disorders
Metabolism and
nutrition disorders

AE Name

Time
Period

Time since
injection of
SAE (weeks)

CTC
Grade

Relation

Skin infection

3

3.1

3

Unrelated

Heart failure

3

5.3

3

Unrelated

Bronchopleural
fistula

3

6.3

3

Unrelated

Diabetes
Mellitus
Exacerbation

3

3.4

3

Unrelated

Supplemental Table 5. Patient data related to Recurrence

Histology

Final
TNM

Surgical
Staging

Adjuvant
Treatment

Recurrence

Time to
recurrence
(mos)

1LU02

SCC

T3N2

IIIB

Yes

Yes

26

1LU04

SSC

T2aN0

IB

Yes

1LU05
2LU01
2LU02
2LU04
3LU01
3LU02

SSC
SCC
Adeno
SSC
SCC
Sarco

T2bN1
T4N0
T2aN0
T2aN0
T3N2
T4N0

IIB
IIIA
IB
IB
IIIB
IIIA

Yes
Yes
Unknown
No
Yes
Yes

3LU06

Adeno

IIIB

Yes

NED
NED
NED
Yes
NED
Yes
NED
NED

3LU08
3LU12
3LU13

SCC
Adeno
Adeno

IIB
IA
IIB

No
Unknown
Yes

Patient
ID

T3N2,
T1N2
T3N0
T1N0
T3N0

NED
NED
NED

24
6

Date of
surgery

Last Time
of Contact

Median
time of
follow-up
(mos)

6/19/2017

1/9/2020
10/2/2019

32
23

9/21/2018
2/5/2019

1/9/2020
5/19/2020
6/17/2020
5/20/2020
12/30/2019
2/29/2020
5/21/2020

25
14
26
24
17.7
17
15

4/5/2019
10/29/2019
10/29/2019

1/29/2020
5/20/2020
5/13/2020

10
7.5
7.5

11/14/2017
12/12/2017
3/8/2018
5/4/2018
6/5/2018
8/3/2018

