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Abstract

Objective: The purpose of this pilot study was to evaluate
the feasibility and tolerability of weekly intratumoral
TNFerade™injections combined with concurrent capecitabi-
ne and radiotherapy in the treatment of patients with locally
advanced rectal cancer. Methods: Patients with T3, T4, or N+
rectal cancer received radiotherapy to a total dose of 50.4-
54 Gy in combination with capecitabine 937.5 mg/m? p.o.
b.i.d. TNFerade™ at a dose of 4 x 10'° particle units was in-
jected into the rectal tumor on the first day of radiotherapy
and weekly for a total of 5 injections. Surgery was performed
5-10 weeks after the completion of chemoradiation. Re-
sults: Nine patients were enrolled in this pilot trial. The stage
was cT2 in 2 patients, cT3 in 6 patients, cT4 in 1 patient, N-in
7 patients and N+ in 2 patients. Eight patients completed all

treatments. Grade 3 hematologic toxicity was observed in 2
patients. There was no toxicity directly attributable to the
injection procedure. A complete pathologic response was
observed in 2 of 9 patients. Conclusions: This study demon-
strates the feasibility of weekly intratumoral TNFerade™ in-
jections during chemoradiotherapy for locally advanced
rectal cancer. Pathologic responses with this combination
compare favorably to published rates.

Copyright © 2011 S. Karger AG, Basel

Introduction

Over 40,000 cases of adenocarcinoma of the rectum
occurred in the United States in 2008 [1]. Patients with
locoregionally advanced disease (T3, T4, or N+) have a
high risk of local recurrence if treated with surgical ther-
apyalone [2-4]. Concurrent 5-fluorouracil-based chemo-
radiotherapy improves survival and local control after
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surgical resection of locally advanced rectal cancer [2, 5,
6]. Treatment of rectal cancer with chemotherapy and ra-
diation in a neoadjuvant setting further improves local
control and reduces toxicity compared to postoperative
chemoradiation [7]. Because local recurrences are morbid
and difficult to manage effectively, radiation is being
evaluated with new agents delivered alone or with addi-
tional adjuvant therapy to improve outcomes and reduce
toxicity. Neoadjuvant chemoradiation may also increase
the number of patients eligible for sphincter-preserving
surgery [7]. Patients in whom sphincter-preserving sur-
gery is not possible due to technical factors may also ben-
efit from neoadjuvant therapy [7].

Tumor necrosis factor-a (TNF-a) is a soluble cytokine
that mediates cellular immune response and is cytotoxic
to tumor cell lines [8]. Intratumoral delivery of TNF-a in
combination with radiation has been shown to provide
additive or greater than additive effects in human tumor
xenografts [9-11]. A phase I clinical trial of systemic
TNF-a in combination with radiation in patients with
locally advanced and metastatic tumors has shown prom-
ising response rates; however, severe idiosyncratic toxic-
ity required discontinuation of therapy in a large propor-
tion of patients [12]. Major toxicities with this approach
are independent of the dose of TNF-« delivered and in-
clude angina, respiratory distress, arrhythmias, allergic
reactions, and leukopenia.

Efforts to deliver TNF-a locally to tumors to mini-
mize systemic effects have included the generation of
TNFerade™ biologic, and El-, E4-, and partial E3-de-
leted replication-deficient adenovirus type 5 vector.
TNFerade™ contains the human TNF-a cDNA with a
portion of the EGR-1 chemoradiation-inducible promot-
er ligated upstream. Preclinical studies have shown that
radiation combined with TNFerade™ vector administra-
tion was associated with a 5-fold increase in TNF-a levels
and a delay in tumor growth compared with tumors
treated with vector alone. Similar results have been ob-
tained in studies combining TNFerade™ with chemo-
therapeutic agents [13, 14]. TNFerade™ has been com-
bined with radiotherapy in patients with advanced solid
tumors and sarcoma and with chemoradiotherapy in pa-
tients with locally advanced pancreatic cancer [15-17].

This clinical trial was designed to assess the feasibility
and safety of delivering TNFerade™ biologic in combina-
tion with capecitabine and radiation in the neoadjuvant
setting in patients with locally advanced or recurrent rec-
tal cancer. The delivery of intratumoral injections con-
current with chemotherapy and radiation raises techni-
cal and logistical challenges, and a pilot trial was felt to
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be the most effective way to test if this approach was tech-
nically and logistically feasible while also allowing a pre-
liminary estimate of safety in a small patient subset. This
trial was undertaken with the goal of an eventual devel-
opment of a randomized registration trial to evaluate this
combination compared to the current standard of care.
Pathologic response and tumor regression were included
as endpoints in this trial to determine if they may be suit-
able endpoints for a future randomized trial with this
combination.

Patients and Methods

Patients

Patients older than 18 years, with histologically confirmed,
nonmetastatic T3, T4, or locally recurrent adenocarcinoma of the
rectum, were eligible for this study. Patients with regional lymph
node involvement were also eligible for this study. All study par-
ticipants were required to have an Eastern Cooperative Oncology
Group (ECOG) performance status of <2, adequate hematologic
(absolute neutrophil count =1,500/mm?; platelets of =100,000/
mm?), renal (serum creatinine of <2.0 mg/dl), hepatic (total bili-
rubin =<2.0 mg/dl, aspartate aminotransferase/alanine amino-
transferase <2.5 X upper limit of normal), and coagulopathic
[international normalized ratio <1.5 and partial thromboplastin
time (PTT) <upper limit of normal] function. Patients who had
received prior radiotherapy for rectal cancer or who had a history
of coagulopathy, cerebrovascular disease, thrombotic or embolic
disorders were excluded. They were required to be suitable candi-
dates for surgery and could not be receiving chronic corticoste-
roids. The study protocol was approved by the Institutional Re-
view Board of the National Cancer Institute (NCI) and thus meets
the standards of the Declaration of Helsinki in its revised version
of 1975 and its amendments of 1983, 1989, and 1996. All patients
provided informed consent before enrollment.

Treatment Plan

All patients underwent computed tomography (CT) scan of
the chest, abdomen, and pelvis and MRI or CT of the brain prior
to enrollment. Transrectal ultrasound or pelvic MRI with an en-
dorectal coil and colonoscopy were obtained within 4 weeks of
study entry. Duplex ultrasound of the lower extremities was ob-
tained to rule out deep venous thrombosis in all patients at the
time of enrollment. Diverting colostomy was performed if re-
quired for symptoms of obstruction prior to initiation of therapy.
The anticipated feasibility of a sphincter-preserving resection was
scored for each patient prior to initiation of neoadjuvant therapy
by an experienced colorectal surgeon.

Patients were treated with oral capecitabine at a dose of 937.50
mg/m? b.i.d. (Monday through Friday) delivered concurrently
with external beam irradiation. Capecitabine was initiated on the
first day of irradiation and continued until the final day of radia-
tion. Radiotherapy was delivered in daily fractions of 1.8 Gy
(Monday through Friday). It was delivered to the tumor, sacral
hollow, and pelvic lymph nodes at a dose of 45 Gy followed by a
5.4- to 9-Gy boost to the sacral hollow and gross tumor with mar-
gin for a total tumor dose of 50.4-54 Gy.
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Table 1. Operative characteristics following TNFerade™ during
chemoradiation for rectal cancer in 9 subjects

n
Sphincter-sparing operation predicted before treatment 5
Sphincter-sparing operation feasible at surgery 8
Complete pathologic response 2
Rectal cancer regression grade

RCRG1 7

RCRG2 2

RCRG3 0
Margin-positive resection 0

TNFerade™ at a dose of 4 X 10'° particle units in 2 ml of in-
jectate was delivered locally into the rectal tumor via endoscopy
or with transrectal ultrasound guidance with an 18-gauge deploy-
able injection needle array with machined submillimeter side
holes in each array tip (Quadrafuse™ or Quadra-fuse ST Multi-
Pronged Injection Needle; Rex Medical, Radnor, Pa., USA) [18].
For tumors smaller than the needle array, a single 20-gauge cus-
tom order needle with 3 side holes and no end hole was used for
injections (Bernardino; Cook Medical, Indianapolis, Ind., USA).
Injections were performed under direct ultrasound visualization
with multiple injections and rotations and retractions of the nee-
dlesin order to obtain a broad coverage of the tumor with the 2-ml
volume. Injections were performed on the first day of radiother-
apy and at weekly intervals thereafter for a total of 5 injections.
Patients received local anesthesia and/or intravenous conscious
sedation or deep sedation for the injections.

Toxicities were graded using the NCI Common Toxicity Cri-
teria version 3. Symptomatic treatment and appropriate medical
management of all toxicities were performed (i.e. antidiarrheal
therapy with loperamide). Capecitabine dosing was modified as
follows with the exception that dose modifications were not made
for lymphopenia alone. Capecitabine was interrupted for all grade
2 or greater toxicity until resolved to grade 0-1. Dose modifica-
tions upon resumption of capecitabine for grade 2 toxicity were as
follows: first occurrence no dose reduction, second occurrence
25% dose reduction, third occurrence 50% dose reduction, and
fourth occurrence discontinue permanently. Percent dose reduc-
tions were based on the starting dose of capecitabine. For grade 3
toxicities, a 25% dose reduction was used following the first oc-
currence and a 50% dose reduction was used for a second occur-
rence. Capecitabine was discontinued for a third occurrence of
grade 3 toxicity. For grade 4 toxicity, capecitabine was discontin-
ued or the dose reduced by 50% at the judgment of the treating
physician. A second occurrence of grade 4 toxicity required per-
manent discontinuation of capecitabine.

Weekly evaluations during chemoradiotherapy included clin-
ical evaluations, assessment of toxicity, and laboratory testing
[complete blood count, serum electrolyte panel, BUN, creatinine,
prothrombin time (PT)/PTT]. Seven weeks after completion of
chemoradiotherapy, patients underwent restaging with a CT of
the chest, abdomen, and pelvis, complete blood count, serum
electrolytes, BUN, creatinine, PT/PTT, and carcinoembryonic
antigen. Surgical resection of the rectal tumor was accomplished
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with a sphincter-preserving low anterior resection if possible. An
abdominoperineal resection (APR) was performed if necessary to
achieve clear margins. Surgery was delayed in patients with grade
3 or greater radiation toxicity or grade 4 or greater hematologic
toxicity until toxicity resolved to grade 2 or less.

Following at least a 4-week recovery period after surgery
(range 4.3-8 weeks), patients underwent staging evaluation in-
cluding a CT of the chest, abdomen, and pelvis, complete blood
count, serum chemistries (electrolytes, renal function, hepatic
function), PT/PTT, and carcinoembryonic antigen level. Patients
with no evidence of metastatic or recurrent disease began 5-fluo-
rouracil-based adjuvant chemotherapy off protocol.

Pharmacokinetics

Plasma samples were collected just prior to the first adminis-
tration of TNFerade™ and 15 min, 60 min, 3 h, and 18-24 h after
the first administration. Plasma samples were also collected at 2
and 4 weeks following completion of therapy. They were pro-
cessed immediately and stored at —-80°C until further use.

A TagMan™ -based assay was used for pharmacokinetic stud-
ies. The assay detects a specific sequence of the adenovirus vector
DNA sequence. The 5'-PCR primer, the 3’-PCR primer, and the
fluorescently labeled probe are located in the transcriptionally in-
ert spacer region of the vector sequence. The lower limit of detec-
tion of the assay is 10 copies of vector/1 wg of human genomic
DNA and the lower limit of quantification is 50 copies of vector/
1 pg of human genomic DNA. A standard curve was prepared
with vector diluted in human genomic DNA with concentrations
ranging from 10 to 1 X 10° vector copies/j.g of human DNA.

DNA was extracted from 100 p.l of serum and eluted into 100
wl of resuspension buffer using the MagAttract Virus Mini Kit
with the infectious disease package application (Qiagen, Valencia,
Calif., USA). Genomic DNA (1 pg) was added to serum samples
as a carrier. Normal control serum was purified with each batch
to rule out cross-contamination. PCR amplification was per-
formed with the ABI PRISM 7700 Sequence Detection System us-
ing PCR master mix (Applied Biosystems, Foster City, Calif.,
USA). Samples were run in triplicate with one replicate spiked
with vector to rule out the presence of PCR inhibitors. Each plate
was run with standards and additional controls including genom-
ic DNA control, no template control, and the extraction control.
A standard curve was generated by plotting the Cr value versus
copy number per standard sample. The mean copy number for
each sample was calculated from the standard curve.

Assessment of Pathologic Response

Characteristics of tumor regression at the time of resection are
described in table 1. Following surgery, the tumor was fixed and
processed per standard institutional guidelines. Pathologic re-
sponse was determined by a single pathologist with expertise in
gastrointestinal pathology for all cases. The entire gross tumor
and fibrotic area of the specimen were evaluated microscopically
for the percent of viable tumor remaining (fig. 1). Pathologic re-
sponse was evaluated with the rectal cancer regression grade
(RCRG) [19]. In brief, RCRGI responses had only microscopic foci
of tumor with marked fibrosis, RCRG2 responses exhibited
marked fibrosis with residual gross disease, and RCRG3 respons-
es exhibited little or no fibrosis with abundant macroscopic dis-
ease. Complete pathologic response was defined as the absence of
viable tumor cells in all evaluated sections.
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Fig. 1. Pathologic response after treatment. Pathologic response
was evaluated in all patients. Two representative hematoxylin and
eosin-stained sections are shown (40X magnification). a At the
time of surgical resection and pathologic evaluation, no gross tu-
mor was identified. Microscopically, there was marked fibrosis
with small foci of residual tumor (arrow). This response was clas-
sified as RCRGI. b Gross inspection revealed an ulcerated, firm
mass consistent with tumor. Microscopically, there was fibrosis
with residual tumor. This response was classified as RCRG2.

Assessment of Recurrence

Staging assessments consisted of history and physical exam as
well as CT scans of the chest, abdomen, and pelvis every 12 weeks
for 36 months and thereafter as per best clinical practice. Patient
evaluations are scheduled to continue until 15 years following
therapy. Recurrences were assessed by follow-up radiographic
evaluation =4 weeks after the initial response criteria were met.
Additional imaging of other sites was obtained in follow-up only
if clinically indicated. Surveillance colonoscopy was performed at
yearly intervals.

TNFerade™ with Radiation and
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Table 2. Patient characteristics

Sex
Male 6
Female 3
Age, years mean 42 (range 31-61)
Pretreatment stage
T2
T3
T4
Recurrent
N1
N2

—_— == = N N

Results

Patient Characteristics

Nine patients (6 men and 3 women) were enrolled in
this pilot study. Characteristics of the patients are de-
scribed in table 2. Two patients had T2 disease, 6 had T3
disease and 1 had T4 disease, and 2 patients were node
positive. Four patients were predicted to require an APR
by the treating surgeon prior to chemoradiotherapy. No
patient had detectable anal sphincter involvement prior
to treatment.

Pharmacokinetics

Complete pharmacokinetic data was available for 8
patients. In 1 patient, the vector was not detected at any
time point. In 2 of 8 patients, the plasma vector was de-
tectable in quantifiable levels. For these 2 patients, the
corresponding values detected at 15 min after the first
injection were 93 and 129 copies of TNFerade/pl of plas-
ma. In these same 2 patients, the level of detectable vector
at 60 min after the injection on week 1, day 1 was 6 and 3
copies of TNFerade/pl of plasma, respectively. In 5 of 8
patients, the vector was detectable but below the limits of
quantification. In all instances in which the vector was
detectable, it was only found in the 1st hour after injec-
tion on week 1, day 1. No vector was detected at week 3,
week 5, and week 2 and 4 posttreatment plasma samples
in any patient.

Feasibility

The primary endpoint of this study was to evaluate the
feasibility of intratumoral delivery TNFerade™ biologic
with concurrent capecitabine and radiotherapy. This ap-
proach required coordination and cooperation between
multiple services including medical oncology, surgical
oncology, radiation oncology, and interventional radiol-
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Table 3. Toxicity

Grade

Hematologic
Thrombocytopenia - -
Anemia -
Leukopenia - -
Lymphopenia - -
Neutropenia
Constitutional
Fatigue
Rigors
Fever
Anorexia
Gastrointestinal
Nausea
Diarrhea
Enteritis
Small bowel obstruction
Vomiting
Abdominal pain
Anorectal pain
Metabolic
Liver function abnormalities
Hypophosphatemia - - 4 -
Hyponatremia - - 4 -
Vascular
Epistaxis 1 - - -
Thrombosis - 12 - -
Dermatologic - rash 3 2 - -

[SVRNE, BN (S I 8] |

_ = W |
| DY N
|

I N W
I N = N |
| |

LN = =W
[ |
p—

—
|

\S)
|

Numbers represent the total number of patients experiencing
each grade of toxicity. * Venous access related.

ogy. Anatomiclocation of tumor in some cases altered the
approach for delivery of injectate (transrectal ultrasound
versus endoscopy), but with these two approaches injec-
tion was accomplished successfully in all patients. Loca-
tion of tumor, stage of tumor, and other patient and tu-
mor characteristics did not interfere with the ability to
deliver intratumoral injections successfully. No treat-
ment or injection was postponed or cancelled for logisti-
cal reasons.

Safety

Eight patients completed all treatments. CTC V3.0
toxicity is described in table 3. Two patients experienced
capecitabine-related grade 3 hematologic toxicity. One of
these grade 3 hematologic toxicities occurred concurrent
with ileitis requiring discontinuation of capecitabine and
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radiotherapy at 4,320 cGy. Capecitabine dose reductions
occurred in 3 other patients for hematologic or gastroin-
testinal toxicity. Radiotherapy was completed without
delay in 8 patients (5,040-5,400 cGy).

No toxicity was attributable to the injection proce-
dure. Specifically, there were no complications of bleed-
ing or clinically evident injection site reactions. Of note,
constitutional toxicities were higher than would be ex-
pected for capecitabine and radiotherapy; however, these
toxicities were all grade 1-2. One grade 2 catheter-asso-
ciated thrombosis was observed in a patient who had a
port placed after surgery for the purpose of receiving ad-
ditional chemotherapy. There were no other thrombotic
events. No correlation was observed between quantifiable
or detectable vector and any previously described TNF
toxicity including constitutional symptoms.

Response and Recurrence

Surgery was performed between 5 and 9 weeks after
completion of therapy. It was delayed in 1 patient until 10
weeks due to complications of cystic fibrosis thought to
be unrelated to therapy. Four patients were deemed to re-
quire APR prior to therapy; however, after neoadjuvant
therapy only 1 patient required an APR and the remain-
ing 8 patients successfully underwent sphincter-sparing
surgeries. Two of 9 patients achieved a complete patho-
logic response. Using RCRG, 7 of 9 patients were scored
as RCRG1 and 2 of 9 patients were scored as RCRG2. All
margins were negative in all patients.

With a median potential follow-up of 41.6 months,
only 1 patient has died at 39 months after study entry
from an epicardial metastasis. Two patients recurred at
distant sites. One patient developed pulmonary metasta-
ses 15.5 months after completion of local therapy. These
pulmonary recurrences were controlled with wedge re-
sections. This patient subsequently had an additional lo-
cal recurrence at 39.5 months. A 2nd patient developed
disseminated distant failure without evidence of local
failure. Two patients failed locally, 1 described above and
the other at 18 months after completion of local therapy.

Discussion

The addition of more active agents may increase the
efficacy of chemoradiotherapy for patients with locally
advanced rectal cancer, leading to enhanced local control
or an increased ability to obtain a margin-negative resec-
tion with sphincter preservation. This pilot study dem-
onstrated the safety and feasibility of delivering intratu-
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moral TNFerade™ injections weekly during the course
of chemoradiotherapy in the neoadjuvant setting for lo-
cally advanced rectal adenocarcinoma.

The most common grade 3 or 4 toxicities observed in
this cohort of patients were consistent with prior experi-
ence with pelvic radiation and capecitabine and consisted
primarily of leukopenia, lymphopenia, and diarrhea. Fe-
ver, rigors, and fatigue occurred more frequently than
would be expected with capecitabine and radiotherapy
alone; however, these toxicities were grade 1 or 2 in all
cases and self-limited. A single case of ileitis requiring
discontinuation of therapy near the total dose of radio-
therapy occurred. Although it is impossible to exclude
TNFerade™ as an explanation for this toxicity, this is a
known complication of chemoradiotherapy for rectal
cancer [20].

TNFerade™ was developed as a mechanism to deliver
a vector capable of providing high levels of local TNF-a
after induction without the complications observed with
systemic delivery of TNF-o. The ability to deliver the vec-
tor locally with minimal systemic leak is an important
characteristic to obtain tumor-selective effects and to
avoid the idiosyncratic toxic reactions associated with
systemic delivery of TNF-a. In the 8 patients in whom
complete pharmacokinetic data were available, the vector
was detected in 7 of 8 patients, but was below the limit of
quantification in all but 2 patients. The low level and rap-
id clearance of the vector from the bloodstream within
1 h suggest a small amount of leak of the vector at the time
of injection. Importantly, the vector was not observed in
the plasma at later time points after the first injection or
at subsequent injections suggesting clearance or that
treatment effect may have reduced systemic leak.

Although we were unable to evaluate vascular anato-
my and function serially in this trial, TNF-a is known to
alter tumor blood vessel integrity. It is possible that the
effects of TNF-a on tumor vessels may reduce the likeli-
hood of systemic leak of future injections. In regard to
any clinical impact of systemic leak, an evaluation of tox-
icity attributable to TNF-a is of importance. The toxicity
observed in this study that has previously been attributed
to TNF-a was low grade and relatively infrequent sug-
gesting that local delivery of the vector may be an effec-
tive means to minimize the systemic impact of TNF-a.

A secondary endpoint of this study was to evaluate
pathologic response to the combination of capecitabine,
radiation, and intratumoral injections of TNFerade™
with the intent of evaluating this measure for inclusion as
an endpoint in a future randomized assignment trial with
this combination as the experimental arm. Although the
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numbers of patients included in this trial are small and
firm conclusions cannot be drawn, it is important in any
study of a radiation or chemotherapy moditfier to report
the rate of response. In series evaluating the combination
of capecitabine and pelvic radiotherapy for locally ad-
vanced rectal cancer, pathologic complete response rates
of 8-16% and RCRGI rates of 37-43% have been described
[7, 21-28]. In the 9 patients treated with the regimen of
radiation, capecitabine, and intratumoral TNFerade™
injections, 2 met criteria for pathologic complete response
and 7 of the 9 patients were scored as having a response
compatible with RCRGI. Because the number of patients
treated in this pilot trial is small, no firm conclusions can
be drawn but these pathologic endpoints would seem to
be appropriate endpoints in addition to local control and
survival for a future randomized trial of this regimen.

All but 1 of the patients receiving intratumoral
TNFerade™ injections was able to undergo sphincter-
preserving surgery. Despite the high rate of local re-
sponse, 2 patients failed locally after treatment including
1 patient who developed a pathologic complete response,
reinforcing the importance of long-term follow-up and
local control as an endpoint in future trials of this com-
bination. Prior studies have suggested that the most com-
mon site of failure after therapy for rectal cancer is the
sacral hollow, presumably due to lymph node involve-
ment and disease extension into the perirectal fat. Al-
though the perirectal fat was not specifically targeted
with the injection, in some cases extravasation was ob-
served on occasion by ultrasound and was likely a com-
mon event based on the volume of injectate delivered. Al-
though not directly targeted with the injection, it is also
possible that lymphatic drainage provides delivery of vec-
tor to regional lymph nodes. With future trials of similar
agents, a consideration of the benefit of deep injections to
target disease in the perirectal fat will need to be balanced
with the concern for systemic leak.

A limitation of this pilot study is the relatively small
number of patients treated. Although our patient popu-
lation is small, these data suggest that treatment with in-
tratumoral TNFerade™ injections in combination with
capecitabine and pelvic radiotherapy results in promising
pathologic response rates with minimal additional toxic-
ity compared to capecitabine and radiotherapy alone. In-
tratumoral delivery of TNFerade™ was accomplished via
weekly endoscopy or with transrectal ultrasound guid-
ance and was logistically and technically feasible. This
procedure is minimally invasive and well tolerated, with
no toxicity directly attributable to the injection proce-
dure.
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Conclusion

The addition of weekly intratumoral injections of
TNFerade™ to capecitabine 937.50 mg/m? b.i.d. (Mon-
day through Friday) delivered concurrently with 50.4 Gy
of external beam irradiation was feasible and in general

well tolerated.
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