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Gene-mediated cytotoxic immunotherapy (GMCI) is an im-
mune strategy implemented through local delivery of an adeno-
virus-based vector expressing the thymidine kinase gene (agla-
timagene besadenovec, AdV-tk) followed by anti-herpetic
prodrug valacyclovir. A phase I dose escalation trial of GMCI
followed by chemotherapy was conducted in patients with
malignant pleural effusion (MPE). AdV-tk was administered
intrapleurally (IP) in three cohorts at a dose of 1 � 1012 to
1013 vector particles. Primary endpoint was safety; secondary
endpoints included response rate, progression-free survival,
and overall survival. Nineteen patients were enrolled: median
age 67 years; 14 with malignant mesothelioma, 4 non-small-
cell lung cancer (NSCLC), and 1 breast cancer. There were no
dose limiting toxicities. All 3 patients in cohort 2 experienced
transient cytokine release syndrome (CRS). Addition of cele-
coxib in cohort 3 reduced the incidence and severity of CRS
(none > grade 2). Three patients are alive (23–33 months after
GMCI), and 3 of 4 NSCLC patients had prolonged disease sta-
bilization; one is alive 29 months after GMCI, 3.6 years after
initial diagnosis. GMCI was safe and well tolerated in combina-
tion with chemotherapy in patients with MPE and showed
encouraging response. Further studies are warranted to deter-
mine efficacy.
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INTRODUCTION
Patients with a variety of malignancies can develop malignant
pleural effusion (MPE), with usually poor prognosis.1,2 The accessi-
bility of pleural fluid in the thoracic cavity facilitates directed
administration of therapeutic agents and subsequent analysis of
treatment effects, making patients with MPE an attractive model
to study gene transfer approaches. One such approach is gene-medi-
ated cytotoxic immunotherapy (GMCI),3 which generates a sys-
temic tumor vaccine effect through local delivery of an adenoviral
vector, aglatimagene besadenovec (AdV-tk), expressing the herpes
simplex virus thymidine kinase gene followed by an anti-herpetic
prodrug, such as valacyclovir.
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Although intratumoral injections of a non-replicating adenovirus
induce some inflammation, the hypothesized mechanism of GMCI
involves both thymidine-kinase-specific cytotoxic and immune stim-
ulatory properties. The cytotoxic effect is mediated by phosphoryla-
tion of the anti-herpetic prodrug, which generates nucleotide analogs
that lead to termination of tumor DNA repair or replication and
consequently cell death by necrosis and apoptosis.4,5 The prodrug is
administered systemically but cytotoxicity is localized to the tumor
due to the local administration of AdV-tk. Alteration of the tumor
microenvironment, induction of “danger” signals, and pro-inflamma-
tory cytokines, such as interleukin-2 (IL-2), IL-12, and IFN-gamma,
create a hyperimmunogenic microenvironment that stimulates anti-
gen-presenting cell maturation and CD8+ T cell expansion.3,6 This
immune effect is critical for effectiveness as evidenced by increased
efficacy of this approach in immune-competent compared with im-
mune-deficient models.7,8 Evidence of tumor cell necrosis, apoptosis,
and intratumoral T cell infiltration have been observed in phase I and
II trials using this approach.9–11

Adenoviral vectors are well suited for the large volumes and high ti-
ters required for intrapleural (IP) gene transfer based on their ease of
production and stability. The lack of viral integration and high immu-
nogenicity of adenoviral vectors are additional advantages for this
approach. Our group has previously studied the use of IP adenoviral
gene therapy for patients with malignant pleural mesothelioma,
including vectors expressing HSV-tk, interferon alpha, and interferon
beta.12–21 Adenoviral vectors were generally well tolerated in these tri-
als; gene transfer into tumors was detected, albeit with limited distri-
bution. Anti-tumor humoral immune responses were noted among
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Table 1. Patient Demographics

Patient Characteristics

Diagnosis

Malignant Mesothelioma NSCLC Breast Cancer Total

Number of patients 14 4 1 19

Median age in years (range) 69.5 (64–89) 62.5 (41–84) 61 67 (41–89)

Cohort

1 (1 � 1012 vector particles) 2 1 – 3

2 (1 � 1013 vector particles) 3 – – 3

3 (1 � 1013 vector particles + celecoxib) 9 3 1 13

Histology

epithelioid 9 – – 9

sarcomatoid 3 – – 3

biphasic 2 – – 2

adenocarcinoma – 4 1 5

ECOG
0 4 – 1 5

1 10 4 – 14

Line of treatment

1st 7 1 – 8

2nd 4 2 1 7

3rd 3 1 – 4
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subjects treated on these trials along with evidence of clinical
responses, including two very long-term survivors (8.5 years and
>15 years).20 Additionally, intraperitoneal delivery of up to 2 � 1013

vector particles followed by oral valacyclovir has also been evaluated
in patients with stage IIIc ovarian cancer without any emergent
dose-limiting toxicity (DLT).22

Clinical trials with GMCI have shown encouraging results with evi-
dence of biologic and clinical activity in multiple solid tumors,
including prostate, pancreatic cancer, and malignant glioma.9–11,23,24

Preclinical studies have indicated sensitivity and improved tumor re-
sponses of mesothelioma, lung, ovarian, and breast cancer cell lines
with GMCI followed by chemotherapy.12,25–28 Increased efficacy after
receipt of chemotherapy was shown to be due at least in part to induc-
tion of antigen-specific memory T cells, increase in number and activ-
ity of intratumoral cytotoxic CD 8+ T cells, improved leukocyte traf-
ficking into tumor sites, and augmentation of pro-inflammatory
cytokine changes in the tumor microenviroment.29 These observa-
tions support the hypothesis that a “priming” effect of GMCI could
be “boosted” using chemotherapy.29 Based on preclinical evidence
of synergy with sequential chemotherapy, we designed a dose escala-
tion study of AdV-tk accompanied by valacyclovir and then followed
by standard of care chemotherapy to evaluate the safety and potential
for clinical benefit in patients with MPE.
RESULTS
Patient Demographics

Twenty patients were enrolled between October 2013 and August
2015, and 19 completed therapy: 3 patients in cohort 1 (1 � 1012

vector particles); 3 patients in cohort 2 (1 � 1013 vector particles);
and 14 patients in cohort 3 (1 � 1013 vector particles plus celecoxib;
14 enrolled, 13 treated). One patient withdrew before receiving
treatment due to ineligibility on day 0. Median age was 67 years
(range 41–89). Fourteen patients had malignant mesothelioma
(9 epithelioid, 3 sarcomatoid, and 2 biphasic histology), 4 non-
small-cell lung cancer (NSCLC), and 1 breast cancer (Table 1).
All 19 patients were able to receive standard of care therapy post-
vector treatment (Table 2). Seventeen patients received chemo-
therapy, one patient (epithelioid malignant mesothelioma) received
palliative radiation therapy alone, and one patient with breast can-
cer received hormonal therapy. Eight patients received this therapy
as first-line treatment. The remaining 11 patients that received ther-
apy in the 2nd or 3rd line setting had progressive disease at the time
of enrollment.
Safety

The study protocol was well tolerated without dose-limiting toxicities
(DLTs) (Table 3). All three patients in cohort 1 experienced flu-like
symptoms, which were grade 1 (low-grade fever, fatigue, and malaise
on days 1–3 in one patient and fatigue starting on day 3 in another).
All three patients in cohort 2 experienced transient symptoms of
cytokine release syndrome (CRS), such as fever, nausea, and chills
(grade 2) in the first 24 hr after vector administration that resolved
within 3 days. The third patient in this cohort developed CRS with hy-
potension treated briefly with dopamine (grade 4), which resolved
within 24 hr.

Because of this toxicity, the protocol was amended to include therapy
with celecoxib as prophylactic treatment to the same vector dose of
cohort 2 to reduce the risk of CRS. This was based on the known
anti-inflammatory effects of celecoxib, experience in previous clinical
trials using celecoxib to reduce CRS with intrapleural administration
of adenoviral vectors,14 and preclinical research showing that cycloxe-
genase-2 (COX-2) inhibition augmented the effects of immunotherapy
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Table 2. Patient Disease and Treatment Characteristics

Case
No. Cohort

Age
(years) ECOG

Treatment
Level Diagnosis Histology Status

OS
(Months)

PFS
(Months)

RECIST
Response Post-vector Therapy

1MP01P 1 79 1 2nd line MM epithelioid D 5.9 3.8 SD gemcitabine

1MP02P 1 80 1 1st line MM sarcomatoid D 3.8 3.2 PD carboplatin/pemetrexed

1MP03P 1 84 1 2nd line NSCLC adenoca D 2.7 2.7 SD erlotinib/everolimus

2MP01P 2 67 1 3rd line MM epithelioid D 8.3 4.8 PD gemcitabine

2MP02P 2 64 0 3rd line MM epithelioid D 7.7 5.5 PD palliative RT

2MP03P 2 66 1 1st line MM epithelioid D 14.4 10.5 PR cisplatin/pemetrexed, RT

2MP04P 3 66 0 2nd line MM epithelioid A 33.4 8.2 SD
carboplatin/gemcitabine, RT,
vinorelbine, pembrolizumab,
MDG-009

2MP05P 3 61 0 2nd line breast ca adenoca D 13.6 6.2 SD anastrozole

2MP06P 3 67 1 1st line MM biphasic D 12.5 5.4 NE
cisplatin/pemetrexed, RT,
gemcitabine

2MP07P 3 41 1 2nd line NSCLC adenoca A 29.0 6.8 SD

carboplatin/paclitaxel, nivolumab,
gemcitabine/cisplatin, vinorelbine/
Adriamycin, bevacizumab/
vinorelbine

2MP08P 3 67 1 1st line MM sarcomatoid D 4.6 2.2 PD carboplatin/pemetrexed

2MP09P 3 78 1 2nd line MM sarcomatoid D 6.4 2.9 PD RT, gemcitabine

2MP10P 3 66 1 1st line MM epithelioid D 1.0 1.0 NE carboplatin/pemetrexed

2MP11P 3 72 1 1st line MM biphasic D 6.3 5.9 SD carboplatin/pemetrexed

2MP12P 3 71 1 3rd line NSCLC adenoca D 25.6 9.2 PR
carboplatin/paclitaxel, nivolumab,
Calithera study, RT

2MP14P 3 54 1 1st line NSCLC adenoca D 25.8 25.8 PR carboplatin/pemetrexed/bevacizumab

2MP15P 3 74 1 3rd line MM epithelioid D 17.2 7.5 SD gemcitabine, pembrolizumab

2MP16P 3 73 0 2nd line MM epithelioid A 22.9 22.9 SD carboplatin/pemetrexed

2MP17P 3 89 0 1st line MM epithelioid D 13.3 8.0 PR carboplatin/pemetrexed

MM, malignant mesothelioma; RT, radiation therapy.
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using Ad.IFN-b in mesothelioma.32 Celecoxib was administered at a
dose of 400 mg orally twice per day starting 3 days before AdV-tk
administration and continuing for 2 days after. This dose and schedule
was chosen based on the previous experience in the Ad-IFNa2b trial.14

However, in this study, celecoxib was only continued for 2 days after
vector administration, rather than 11, because CRS symptoms were
noted to be transient (<48 hr).

Addition of prophylactic celecoxib in cohort 3 reduced the incidence
and severity of CRS (Table 3) among the first 3 patients treated. Ten
patients were then enrolled and treated in an expansion of cohort 3.
Among all 13 patients in cohort 3, CRS grade 1 was reported in 31%
and grade 2 in 23%. None of the patients in this cohort experienced
>grade 2 CRS. Overall in the study, no DLT was identified, and there
were no treatment-related deaths.

Laboratory abnormalities were generally grade 2 or less and similar
across cohorts, with the exception of higher grade lymphopenia dur-
ing the first week in cohorts 2 and 3, which was considered possibly
related (Table S1). These events were transient and did not have
1200 Molecular Therapy Vol. 26 No 5 May 2018
any clinical consequences. A single instance of grade 4 lymphopenia,
occurring 4 weeks after AdV-tk, was considered possibly related, with
chemotherapy considered a contributing factor.

Response Evaluation

Response according to RECIST and modified RECIST was evaluable
for 17 patients (Figure 1; Table 2). One patient (2MP06P) had a posi-
tron emission tomography (PET) computed tomography (CT) as
baseline study, so formal RECIST measurements could not be per-
formed (suboptimal comparison) and a second patient (2MP10P)
died of progressive disease before the second restaging scan. For the
seventeen patients with response evaluable disease, four patients
had a partial response, all of which were in the high-vector dose group
(29% response rate for evaluable high-dose patients), and two of these
were patients with NSCLC (50% response rate for NSCLC). The pa-
tient (with malignant mesothelioma) that experienced transient grade
4 CRS (2MP04P) had a partial response that lasted for 8.6 months.
Radiographic images of RECIST responses are shown in Figure 2.
Response duration was 4–24 months for the 4 patients with partial
response (PR). In addition, one patient with malignant mesothelioma



Table 3. Acute Adverse Events Deemed Related to Experimental Therapy

Category Event

Cohort 1 (n = 3) Cohort 2 (n = 3) Cohort 3 (n = 13)

Grade 1 Grade 2 Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Flu-like and CRS
flu-like symptoms 3 (100%) – 1 (33%) 1 (33%) – – 5 (39%) 1 (8%) – –

CRS – – – 2 (66%) – 1 (33%) 4 (31%) 3 (23%) – –

Gastrointestinal
disorders

diarrhea – – – – – – 1 (8%) – – –

dyspepsia – 1 (33%) – – – – – – – –

GERD – – – 1 (33%) – – – – – –

nausea – – – – – – – 2 (16%) – –

vomiting – – – – – – – 1 (8%) – –

weight loss – – – – – – 1 (8%) – – –

Other

blurred vision – – – – – – 1 (8%) – – –

headache – – – – – – – 1 (8%) – –

presyncope – – – – – – – 1 (8%) – –

Respiratory
cough – 1 (33%) – – – – 2 (16%) – – –

dyspnea – – – – – – 1 (8%) 1 (8%) – –

Possibly, likely, or definitely related to experimental treatment. GERD, gastroesopahgeal reflux disease.
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(2MP04P) had a subsequent durable response to pembrolizumab that
is ongoing after 12 months (Figure 3).

The pleural effusion improved or was stable after IP AdV-tk in all
patients, except one patient with progressive disease who died at
1 month. The pleural catheter was able to be removed in 12 of 19 pa-
tients within 2 months (within 2 weeks for 7 patients), despite being
in place prior to IP AdV-tk for an average of 4 months (range
12–840 days).

Three patients are alive and in active follow-up (one with NSCLC and
2 with malignant mesothelioma), with a range of follow-up duration
of 23–33 months after IP AdV-tk. The other 16 patients have died of
progressive disease. Figure 3 shows the disposition of all patients. For
the 4 patients with NSCLC, median overall survival was 25.7 months
post-AdV-tk. All three NSCLC patients in the high-dose group had
prolonged disease stabilization and survived more than 2 years
post-vector instillation. One patient who received AdV-tk therapy
in the 2nd line setting following progression on platinum-based
chemotherapy is still alive at 29 months, 3.6 years from initial diag-
nosis. Interestingly, two of the three NSCLC patients also received
anti-programmed death receptor pathway (PD-1)-directed therapy
after they progressed following GMCI. Of the two long-term survi-
vors with malignant mesothelioma, one patient (2MP04P) also
received anti PD-1 therapy and is currently alive at 33 months
post-AdV-tk therapy.

Correlative Analyses

All patients were evaluated for baseline adenoviral-neutralizing anti-
body titers (Table S2). There was no apparent correlation between
antibody titer and safety or tumor response. Changes in the expres-
sion of anti-tumor antibodies in the serum after treatment were eval-
uated by western blot for 13 patients. In 7 patients, there were no
distinct changes in the number or intensity of anti-tumor immuno-
blot bands; in 4, there were increases in tumor bands, and in 2, there
were mixed changes (some bands increasing and some decreasing). A
representative blot showing increased bands in the NSCLC patient
who is still alive is shown in Figure S1. Due to the small patient
numbers and heterogeneous populations, significant differences in
survival or in radiographic response rates could not be correlated
with these humoral responses.

DISCUSSION
GMCI, an immune-stimulatory strategy implemented through local
delivery of aglatimagene besadenovec (AdV-tk) followed by an anti-
herpetic prodrug, has shown safety and encouraging results in various
solid tumor clinical trials. Our group has previously assessed safety
and feasibility of intrapleural delivery of various adenoviral vectors
in patients with malignant mesothelioma. This study was designed
to evaluate the safety and feasibility of intrapleural administration
of increasing doses of AdV-tk followed by chemotherapy in patients
with MPE frommultiple histologies, including NSCLC. The rationale
for this trial was to evaluate the feasibility of using GMCI to induce
enhanced anti-tumor immune responses in these patients.

The study design stipulated dose escalation starting at 1� 1012 vector
particles per patient and escalating subsequent cohorts by one log.
There were no significant adverse events in the first cohort. However,
CRS was evident in all patients treated in cohort 2 (1 � 1013 vector
particles per patient). Based on our earlier experience using COX-2
inhibitors in this setting to decrease inflammatory responses when
delivering an AdIFNa2b vector, the protocol was amended to add a
cohort maintaining the AdV-tk dose but adding celecoxib. Because
the CRS observed with AdV-tk was of much shorter duration than
Molecular Therapy Vol. 26 No 5 May 2018 1201

http://www.moleculartherapy.org


Figure 1. Waterfall Plot of RECIST Tumor Responses

Molecular Therapy
what had been observed in the AdIFNa2b study, the celecoxib dura-
tion was shortened from 14 days in that protocol to 5 days in the cur-
rent study. Symptoms of CRS were successfully mitigated with the use
of prophylactic celecoxib. A total of 13 patients were successfully
dosed in cohort 3 without additional >grade 2 CRS symptoms. It
thus appears that this approach can be used in an outpatient setting.

Overall, intrapleural AdV-tk was well tolerated. Among all patients
treated, flu-like symptoms were the most common adverse events.
All patients were subsequently able to receive standard of care sys-
temic therapy. Although immune responses were clinically evident,
with the small number of evaluable patients, we were unable to corre-
late antibody responses with clinical responses or outcomes. Addi-
tionally, our study did not specifically evaluate induction of cellular
immune responses, limiting our ability to correlate biologic immune
response with clinical outcomes.

In terms of efficacy, despite the advanced stages of disease of the study
population, the disease control rate (DCR) was 71%; eight of the 17
evaluable patients had stable disease and four had a partial response.
All four patients with a PR received the higher 1� 1013 vector particle
dose. Interestingly, the last patient in cohort 2, who had a grade 4
CRS, was one of the patients with a PR. Three other responders all
received the higher vector dose and prophylactic celecoxib therapy
(cohort 3) and did not experience the same level of CRS. The obser-
vation of responses clustered in the patients who received higher
doses of vector, with or without celecoxib, is hypothesis generating.
The CRS symptoms may reflect the potent acute immune stimulation
generated by the AdV-tk. The mitigation of the symptoms by cele-
coxib is an important safety enhancement of GMCI at these higher
doses. The observation of objective responses in some of these pa-
tients suggests that celecoxib does not attenuate the beneficial im-
mune response to GMCI. Additional studies will be required to
further evaluate the potential impact of COX-2 inhibition in conjunc-
tion with GMCI.

Although it is difficult to interpret survival outcomes in a small phase
1, dose escalation study, especially one that enrolled patients with
1202 Molecular Therapy Vol. 26 No 5 May 2018
diverse histologies receiving different standard of care chemotherapy,
the results presented here provide some encouraging observations.
For example, all three patients with NSCLC in the high-dose groups
had unexpectedly long disease stabilization post-AdV-tk instillation,
with overall survival exceeding 2 years post-treatment. Even though it
is impossible in a study, such as this one, to determine whether these
responses are related to subsequent chemotherapy, vector adminis-
tration, or the combination of the two, these early signals of efficacy
and immune activation are encouraging.

Others have noted that some patients treated with immune therapies,
such as checkpoint inhibitors, go on to manifest very slowly progress-
ing disease, sometimes with surprisingly prolonged survival.33 It has
been hypothesized that this phenomenon may reflect the delayed ef-
fects of immunotherapy, which may also make tumors more suscep-
tible to subsequent therapies, including chemotherapy.34 This may be
particularly pertinent for the combination of GMCI with anti-PD1
checkpoint inhibitors. AdV-tk has been shown to increase PD-L1
expression on tumor cells.11 Interestingly, three of the four long-
term survivors on this trial received subsequent anti-PD1 therapy
during the course of their therapeutic management.

The results from this study raise some interesting hypotheses with re-
gard to themolecular effects of GMCI on tumor biology. For example,
the observation of prolonged survival following checkpoint inhibitors
raises the possibility that GMCI could potentially make immunolog-
ically “cold”MPE tumors “hot” and thereby increase the response rate
to downstream immune checkpoint inhibition.35 Study of patients
with earlier stage lung cancer, in which tumors could be directly in-
jected with GMCI followed by on-treatment biopsies, could validate
this mechanism. A trial to evaluate the above questions, with a focus
on incorporation of tumor biopsies before and after AdV-tk endo-
bronchial injections, has been initiated.

It is important to recognize the limitations of this study. It was rela-
tively small, nonrandomized, conducted at a single center, and
included several different histologies. Patients could enter the trial
at any point in their therapeutic trajectory; there was no limit on
the number of prior treatments. Post-AdV-tk, chemotherapy regi-
mens were at the discretion of the treating oncologist, and as a result,
patients received a variety of different regimens. RECIST measure-
ments were performed in a retrospective fashion. Nonetheless, this
study showed that intrapleural administration of high-dose AdV-tk
plus celecoxib followed by systemic chemotherapy was safe, feasible,
and well tolerated in patients with malignant pleural effusion. We
noted long-term survival in a subgroup of patients, which may be
an indication of successful induction of immune responses with
this approach.

MATERIALS AND METHODS
Study Design

This was an open-label, phase I, dose-escalation trial to evaluate
safety of IP administration of AdV-tk followed by valacyclovir and
standard of care chemotherapy. The institutional review board at



Figure 2. Images of Two Patients with Partial

Responses Post-AdV-tk
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the University of Pennsylvania approved the protocol. Specific writ-
ten informed consent was obtained from each patient before enroll-
ment. The study was listed on clinicaltrials.gov (NCT01997190).

Patients older than 18 years of age with malignant pleural effusion
(defined as positive pleural fluid cytology) and clinical indication for
placement of pleural catheter were enrolled. Eligible patients included
those with tumors derived fromNSCLC, small-cell lung cancer, malig-
nant mesothelioma, breast cancer, and ovarian cancer. For patients
with malignant mesothelioma, histologic proof was required, but pos-
itive pleural fluid cytology was not required for enrollment. Additional
eligibility criteria included Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1 and forced expiratory volume
(FEV1) at of at least 1 L or 40% of predicted. Laboratory inclusion
criteria included bilirubin % 1.5� upper limit of normal (ULN),
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase %2� ULN, hemoglobin R9 g/dL, plate-
lets >100,000/mm3, absolute neutrophil count (ANC) >1,000/mm3,
serum albumin level R2.5 g/dL, serum creatinine <2 mg/dL, and
calculated creatinine clearance >30 mL/min.

The AdV-tk vector has been previously described.30 The study had
three cohorts: cohort 1, AdV-tk dosed at 1 � 1012 vector particles;
cohort 2, AdV-tk at 1 � 1013 vector particles; and cohort 3, AdV-tk
at 1 � 1013 vector particles plus celecoxib at a dose of 400 mg orally
twice per day starting 3 days before AdV-tk administration and
continuing for 2 days after AdV-tk administration. The AdV-tk
dose was delivered in 20 mL infused slowly through a pleural catheter
M

after the pleural cavity wasmaximally drained of
pleural fluid. The pleural catheter was then
flushed with 30 mL of saline. Patients were
monitored in an inpatient setting for 24 hr after
IP administration of the vector. Valacyclovir administration began
the day after AdV-tk infusion (2 g orally three times a day [TID]
for 14 days). Chemotherapy could begin after completion of valacy-
clovir, at the discretion of the treating medical oncologist. After three
patients were evaluated in the third cohort, a planned expansion
phase of 10 additional patients was conducted.

Assessments

Toxicity was assessed using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version 4. DLTs
for AdV-tk administration were defined as grade 3 or greater allergic
reaction, grade 4 hematologic toxicity persisting for >7 days except
lymphopenia, grade 3 hypoxia lasting for 48 hr, grade 4 hypoxia,
and any grade 3 or 4 non-hematologic toxicity (except ALT, AST,
alkaline phosphatase, bilirubin, or creatinine) lasting for >7 days. Re-
staging studies were performed at 6–8 weeks post-AdV-tk instillation
and then every 8–12 weeks at the discretion of the treating medical
oncologist. CT images were reviewed by an attending radiologist
specializing in thoracic imaging. Measurements were made using
RECIST or modified RECIST for patients with malignant mesotheli-
oma described by Byrne et al.31 The patients were seen every 3months
during the first year and then every 6 months during the second year.
After 2 years, clinical assessment of late toxicity and disease status was
conducted yearly.

Correlative Studies

Antiviral immune responses in the form of neutralizing adenovirus
antibody titers (Nabs) were assessed as previously described.16 To
Figure 3. Swimmer’s Plot of Follow-Up and

Response to Therapy following AdV-tk
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detect induced humoral responses against tumor antigens, we per-
formed immunoblotting against purified extracts from allogeneic me-
sothelioma cell lines and lung cancer cell lines, as appropriate. Cell
lines were derived from patient pleural fluid samples from previous
clinical trials and were grown in culture as previously described.19

Extracts from cells or purified proteins were prepared and immuno-
blotted with patient serum (diluted at 1:1,500) from time points at
baseline and 6 weeks after treatment. Multiple exposures were ob-
tained, and comparisons were made only on the exposures in which
the major bands detected on pre-treatment blots were of equal inten-
sity in post-treatment blots. Two independent, blinded observers
visually scanned each blot to detect new bands or bands that appeared
markedly increased in the post-treatment serum and came to a
consensus score. The blots were semiquantitatively scored as follows:
�1, loss of existing bands; 0, no change in any bands; 1, minimal
changes (i.e., increased intensity in one or two bands); and 2, clear in-
creases in >2 bands or appearance of new bands.

Statistics and Observations

The primary endpoint of this dose escalation trial was safety. Adverse
events were recorded and summarized according to CTCAE version
4.0. Secondary endpoints included response rate per RECIST and
mRECIST, progression free survival (PFS), overall survival (OS),
and immune response. PFS and OS were calculated from time of
instillation of AdV-tk to progression, death, or date of last follow-
up censored by the end of the subject’s observation. Any subject
who received AdV-tk was included in the analyses. No comparative
statistical analyses were performed.

SUPPLEMENTAL INFORMATION
Supplemental Information includes one figure and two tables and can
be found with this article online at https://doi.org/10.1016/j.ymthe.
2018.02.015.
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Category Event
Cohort 1 (n=3) Cohort 2 (n=3) Cohort 3 (n=13)

Grade 1 Grade 2 Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Hematologic

Anemia 1 (33%) 1 (33%) 1 (33%) 1 (33%) 1 (33%) 3 (23%) 1 (8%)

Leukopenia 1 (33%) 1 (8%)

Lymphopenia 2 (66%) 1 (33%) 1 (33%) 1 (33%) 3 (23%) 3 (23%) 1 (8%)

Thrombocytopenia 1 (8%)

Other Laboratory

High Alkaline Phosphatase 1 (8%)

High AST/ALT 1 (33%)

High Creatinine 2 (66%) 4 (31%) 2 (15%)

Hyponatremia 1 (33%) 4 (31%)

Hyperkalemia 3 (23%) 1 (8%)

Hypernatremia 1 (33%)

Hypoalbuminemia 1 (33%) 2 (66%) 1 (33%) 3 (23%) 4 (31%)

Hypocalcemia 2 (66%) 6 (46%)

Supplementary Table 1. Treatment emergent acute (day 1-16) laboratory abnormalities



Patient Baseline Nab Titers

1MP01P 1:200

1MP02P 1:200

1MP03P <1:25

2MP01P 1:75

2MP02P 1:50

2MP03P <1:25

2MP04P 1:400

2MP05P 1:400

2MP06P 1:100

2MP07P 1:100

2MP08P <1:25

2MP09P 1:150

2MP10P 1:30

2MP11P 1:50

2MP12P 1:400

2MP14P 1:100

2MP15P <1:25

2MP16P >1:25,600

2MP17P 1:800

Supplementary Table 2. Baseline Adenoviral Neutralizing Antibody Titers



Supplementary Figure 1. Anti-tumor Antibodies by Western Blot

Extracts from cells or purified proteins were prepared and immunoblotted with patient serum (diluted at 1:1500) f

baseline, and post treatment. Comparison shows increase in the major bands detected.


	Phase I Study of Intrapleural Gene-Mediated Cytotoxic Immunotherapy in Patients with Malignant Pleural Effusion
	Introduction
	Results
	Patient Demographics
	Safety
	Response Evaluation
	Correlative Analyses

	Discussion
	Materials and Methods
	Study Design
	Assessments
	Correlative Studies
	Statistics and Observations

	Supplemental Information
	Author Contributions
	Acknowledgments
	References


