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Abstract

Objectives—Preoperative chemotherapy and radiation for localized esophageal cancer produces
cure rates near 30% when combined with surgical resection. Vandetanib, a small molecule
receptor tyrosine kinase inhibitor of VEGFR-2, VEGFR-3, RET and EGFR, demonstrated synergy
with radiation and chemotherapy in preclinical models. We conducted a phase | study to assess the
safety and tolerability of vandetanib when combined with preoperative chemoradiation in patients
with localized esophageal carcinoma who were surgical candidates.

Methods—~Patients with stage 11111 esophageal and gastro-esophageal junction (GEJ) carcinoma
without prior therapy were enrolled in a 3+3 phase 1 design. Patients received once daily
vandetanib (planned dosing levels of 100, 200, and 300 mg) with concomitant daily radiotherapy
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(1.8 Gyl/day, 45 Gy total) and chemotherapy, consisting of infusional 5-FU (225 mg/m2/day over
96 hours, weekly), paclitaxel (50 mg/m2, days 1, 8, 15, 22, 29) and carboplatin (AUC of 5, days 1,
29).

Results—A total 9 patients were enrolled with 8 having either distal esophageal or GEJ
carcinomas. All patients completed the planned preoperative chemoradiation and underwent
esophagectomy. Nausea (44%) and anorexia (44%) were the most common acute toxicities of any
grade. One grade 4 non-hematologic toxicity was observed (gastro-bronchial fistula). One
additional patient suffered a late complication, a fatal aorto-enteric hemorrhage, not definitively
related to the investigational regimen. Five (56%) patients achieved a pathologic complete
response (PCR). Three (33%) additional patients had only microscopic residual disease. Five
(56%) patients remain alive and disease free with a median follow-up of 3.7 years and median
overall survival of 3.2 years. The maximum tolerated dose was vandetanib 100 mg/day.

Conclusions—Vandetanib at 100 mg daily is tolerable in combination with preoperative
chemotherapy (5-FU, paclitaxel, carboplatin) and radiation therapy with encouraging efficacy
worthy of future study.
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Introduction

Annually, in the United States 17,040 cases of esophageal cancer are detected, a number
staggeringly close to the estimated annual death rate of 15,070[1]. For those patients who
are able to undergo surgical resection, cure rates remain at approximately 30% [2]. CALGB
9781, the CROSS trial, and a recent meta-analysis have demonstrated that the addition of
neoadjuvant therapy to esophagectomy confers a survival advantage[3-5]. At present,
combined chemoradiotherapy and surgery represents the standard of care for patients with
locally advanced esophagogastric carcinoma. Two cycles of cisplatin and 5-fluorouracil (5-
FU) on days 1 and 29, as used in CALGB 9781[3], or a regimen of weekly carboplatin and
paclitaxel[4] have become acceptable radiosensitizing adjuncts to preoperative radiotherapy.
Following multimodality therapy, up to 13% of patients develop at least local recurrence,
though distant metastases remain the dominant mode of treatment failure, representing 77—
84% of all recurrences[6, 7]. Thus, both improvements in systemic therapy and new
radiosensitization strategies are urgently needed.

Additional novel chemotherapy regimens have been explored in hope of improving
outcomes. A phase /11 trial demonstrated the feasibility of administering weekly paclitaxel,
infusional 5-FU and carboplatin in conjunction with radiotherapy. One third of patients in
this study achieved a pathologic complete response [8]. A further trial of neoadjuvant
concurrent chemoradiation utilizing paclitaxel, infusional 5-FU, and carboplatin also
produced encouraging results, with a pathologic complete response rates of 38% and a three
year survival of 41% in a cohort of patients with potentially resectable esophageal
carcinoma[9].
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Vandetanib (ZD6474) is an oral tyrosine kinase inhibitor of VEGFR-2, VEGFR-3, RET and
EGFR. VEGF expression has been linked to worse outcome in resectable esophageal cancer
[10, 11]. EGFR over-expression is seen in 30-70% of esophageal cancers, and EGFR
polysomy in approximately 25% [12-14]. EGFR expression is associated with worse
prognosis in patients with locally advanced disease [12, 14, 15]. Pre-clinical work utilizing
an esophageal squamous carcinoma cell line has supported the synergy of chemotherapy
(both taxanes and platinum analogues) with EGFR inhibition, specifically vandetanib [16].
Xenograft studies evaluating multiple tumor types have demonstrated the potent
radiosensitizing effects of vandetanib[17]. Vandetanib is slowly absorbed and eliminated
with a median terminal half-life (t,;) of approximately 5 days[18]. Common adverse events
when utilized as a single agent include rash, diarrhea, hypertension and QTc
prolongation[19]. Further work has demonstrated its tolerability when combined with
carboplatin and paclitaxel [20, 21]. Based on this data, we conducted a phase | clinical trial
to determine the feasibility of VEGFR, RET and EGFR targeting via vandetanib in
combination with carboplatin, paclitaxel and 5FU chemoradiotherapy in localized stage 11—
I11 operable esophagogastric carcinoma.

Patients and Methods

Patients

Patients aged 18 years and older with previously untreated histologically documented
carcinoma of the esophagus, GEJ, or stomach for whom preoperative chemoradiation was
appropriate were eligible for enrollment. Adenocarcinomas and squamous cell carcinomas
were both permissible. Patients were required to have potentially resectable disease, without
evidence of distant metastases. All patients underwent pretreatment multidisciplinary
evaluation, a contrast-enhanced CT of the chest and abdomen, esophagogastroscopy and
endoscopic ultrasound (EUS) within 4 weeks of registration. Pre-treatment PET was
recommended. Patients had to have an ECOG Performance Status of < 2. Exclusion criteria
included prior thoracic radiation, severe or uncontrolled systemic disease, uncontrolled
hypertension (BP = 160/100), active pregnancy or breast feeding, uncontrolled diarrhea,
ANC < 1,500/mm3, platelet count < 100 K/mm3, serum bilirubin > 1.5 times upper limit of
normal, serum creatinine > 1.5 times upper limit of normal or creatinine clearance < 50 mL/
minute, AST or ALT > 2.5 times upper limit of normal, potassium < 4 mmol/L despite
supplementation, and serum calcium or magnesium out of the normal range despite
supplementation. Additional exclusion criteria included any of the following cardiac
abnormalities: = NYHA class 2 heart failure within 3 months of registration, LVEF < 45%,
history of arrhythmia requiring treatment or producing symptoms, asymptomatic sustained
ventricular tachycardia presence of a left bundle branch block, baseline QTc which was
unmeasurable or = 480 msec using Bazett’s correction, or use of concomitant medications
that may cause QTc prolongation, Torsades de Pointes or induce CYP3A4 function. Patients
provided written informed consent, and the protocol was approved by the Institutional
Review Board of Fox Chase Cancer Center.
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Study Design

This was a single-arm phase | dose escalation study. All patients received external beam
radiotherapy (RT) with megavoltage linear accelerators (> 6 MV) to deliver multiple (> 2)
fields. Patients were treated 5 days per week at 1.8 Gy/day for 25 fractions (total dose 45
Gy). The use of intensity modulated radiation therapy was not permitted. The superior and
inferior borders of the field were 3 cm beyond the tumor. Lateral borders were 2 cm beyond
the lateral edge of the tumor, as defined by EUS, esophagram or CT. Periesophageal nodes
were included. For primary tumors above the carina (proximal esophagus), the
supraclavicular nodes received treatment. Lower esophageal and GEJ patients received
treatment to clinically negative celiac lymph nodes. All clinically positive lymph nodes
received treatment. Dose was prescribed to the isocenter.

Chemotherapy with 5-FU, paclitaxel, and carboplatin was administered concurrently with
radiation therapy. 5-FU, 225 mg/m2/day, was delivered via a 96 hour continuous infusion
from Monday to Friday through the duration of radiotherapy. Paclitaxel, at a dose of 50
mg/m2, was administered via weekly infusion on days 1, 8, 15, 22, and 29 of radiotherapy.
Carboplatin, AUC of 5, was administered via IV infusion on days 1 and 29 of radiotherapy.
Vandetanib was administered as a daily tablet, continued from day 1 through the completion
of radiation therapy. Dosing levels are summarized in Table 1. In the absence of dose-
limiting toxicity, dose escalation would not proceed beyond dose level 3, as 300 mg per day
had previously been shown to be the maximum tolerated single agent dose (MTD)[18, 20].

Radiotherapy was temporarily suspended for = grade 3 neutropenia or thrombocytopenia,
vomiting for = 3 days unresponsive to antiemetics, = 5 watery stools per day unresponsive to
anti-diarrheals or weight loss of > 10%. Interruption of therapy was to continue until the
toxicity had resolved sufficiently to allow for resumption of therapy. For grade 3 toxicities
attributable to vandetanib, the drug was held until resolution of toxicity to grade 1 or less. At
that point, vandetanib was to be resumed with a dose reduction. If grade 3 or greater toxicity
recurred or vandetanib was required to be held for > 3 weeks, the medication was
permanently discontinued.

At 21 to 28 days following completion of induction chemoradiation, all patients underwent a
repeat staging and pre-operative evaluation with physical examination, PFTs and a contrast-
enhanced CT of the chest and abdomen. All patients underwent baseline and pre-operative
PET-CT imaging. Esophagectomy was performed 6-8 weeks following completion of
induction chemoradiation. The surgical approach was determined by the surgical
investigator; transhiatal, Ivor-Lewis, or 3-hole approaches were acceptable. A baseline CT of
the chest and abdomen was performed 6-8 weeks after surgery, with subsequent surveillance
CT imaging of the chest and abdomen performed every 6 months through 36 months post-
therapy, and then annually through 60 months.

Response Assessment

Pathologic response was assessed at the time of surgery. Tumor regression grading was
additionally performed by independent pathologic review, utilizing the 5-tiered system
previously described by Mandard, et al[22] (Figure 1).
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Dose Limiting Toxicity

Toxicity was scored according to the National Cancer Institute’s Common Toxicity Criteria
(NCI CTCAE, version 3.0). Any patient who initiated the chemoradiation protocol and
received at least one single dose of vandetanib was considered evaluable for toxicity.
Evaluation for toxicity continued through the course of chemoradiation and for a period of 4
weeks post-surgery to evaluate for potential treatment effects on wound healing. DLT was
defined as any of the following: > grade 3 non-hematologic toxicity persisting for > 14 days,
grade 4 non-hematologic toxicity, grade 4 hematologic toxicity lasting > 7 days, surgical
complications of wound healing or hemorrhage grades 4-5 occurring < 4 weeks from
surgery, or any toxicity requiring > 14 day interruption of radiation therapy. Late toxicity
(onset >90 days since initiation of RT or persisting beyond 90 days) monitoring was
assessed using the RTOG Late Radiation Morbidity Scoring Schema.

Dose Escalation Schema

Three patients were entered into each dose level. If no patients experienced a dose-limiting
toxicity (DLT), the next dose level was opened. If a DLT was observed in one of three
patients, three additional patients (a total of six) were accrued at this level. If DLTs were
observed in < one of 6 patients, then escalation to the next level took place. If DLTs were
observed in = 2 of 3 or = 2 of 6 patients, then the MTD had been exceeded and no further
escalation took place. If not already accrued, three additional patients would be enrolled at
the previous dose level. The MTD was predefined as the highest dose level where < 2
patients out of 6 experienced a DLT.

Statistical Methods

Results

Progression-free survival (PFS) was measured from treatment start date until disease
progression or death from any cause. Overall survival (OS) was measured from treatment
start date until death from any cause. PFS and OS were determined using the Kaplan-Meier
method, with times censored at the close-out date for patients still being followed without
evidence of disease/death, or the date of last contact for those patients lost to follow-up.

Patient characteristics

Nine patients were enrolled in this study between 3/2009 and 8/2010 at Fox Chase Cancer

Center. The median patient age was 60 years (range, 33 — 77). The majority of patients had
distal esophageal adenocarcinomas with involved lymph nodes. Further patient and tumor

characteristics are listed in Table 2.

Treatment Delivery

Locoregional therapy—All patients completed the planned course of radiation to the
target radiation dose, and proceeded to definitive surgical resection without significant delay.
There were no operative mortalities. Five patients did not require any treatment break from
radiotherapy. For 2 patients, a treatment interruption of 2 consecutive days was necessary,
and for 2 patients a treatment interruption of 5 consecutive days was required. Violation of
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the radiation treatment guidelines was noted in the second patient on protocol. As opposed
to the protocol-defined conventional or 3D-conformal radiotherapy, he initiated therapy with
an IMRT plan and received 540 cGy in this fashion. Once this was noted and corrected, he
received the remainder of his therapy via either conventional AP/PA fields (900 cGy) or a 7-
field 3D-conformal plan (3060 cGy). No further violations were noted through the duration
of the protocol.

Chemotherapy—Nine patients were accrued across dose levels 1 and 2 as detailed in
Table 1. Three patients were enrolled on dose level 1 without any dose limiting toxicity
observed. Therefore, dose escalation proceeded to dose level 2, as planned. After 1 patient
was enrolled onto dose level 2, a late sudden death occurred. The first patient enrolled on the
trial suffered a fatal aorto-enteric hemorrhage at the gastro-esophageal anastomosis on day
99, more than 60 days since the last dose of vandetanib. Further enrollment to dose level 2
was temporarily halted. Upon review, the fatal event was deemed unlikely related to the
study medication, and likely a complication of surgery. However, given that a relationship to
the study drug could not be excluded, dose level 1 was then expanded. No DLTs were
observed in the next three patients and enrollment thus proceeded to complete dose level 2.

The third patient enrolled at dose level 2 required a dose reduction of 5-FU during week 4
due to occurrence of grade 3 syncope. Chemotherapy was held altogether on day 29 due to
grade 3 mucositis, with other therapy administered as planned. Following esophageal
resection, his post-operative course was complicated by formation of a gastro-bronchial
fistula, which was deemed to be a DLT (grade 4 wound healing) and required surgical repair.
After discussion with the Data Safety Monitoring Committee, the decision was made to
close the study, with the determination of 100 mg daily of vandetanib as the maximum
tolerated dose.

In total, dose interruptions of vandetanib were necessary during chemoradiotherapy for 3
patients (33%). Grade 3 transaminitis necessitated a dose reduction of vandetanib in one
patient. Chemotherapy was dose reduced in 2 patients (one in each dose level). In one of
these patients it was held during the final 8 days of radiotherapy. One additional patient at
each dose level had chemotherapy held for at least 7 days due to toxicity, allowing for the
full delivery of radiotherapy in combination with vandetanib.

A summary of common toxicities is provided in Table 3. The most common non-
hematologic toxicities were nausea and anorexia. Grade =2 nausea and = grade 1 anorexia
occurred in 4 patients (44%). Grade 3/4 adverse effects judged to be at least possibly related
to vandetanib included anorexia (1), hyponatremia (1), abdominal pain (1), and depression
(1). As previously noted, one patient at dose level 1, with a squamous carcinoma of the
lower esophagus, suffered a fatal aorto-enteric hemorrhage at the anastomosis, deemed to be
unlikely related to study treatment. A second patient, at dose level 2, developed a gastro-
bronchial fistula, requiring surgical repair.
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Treatment Efficacy

All 9 patients underwent surgical resection (R0) of the primary lesion. Pathologic complete
response (TRG 1) was noted in 5 patients (56%), including both of the patients with
squamous histology. In 3 additional patients (33%), only rare residual cancer cells (TRG 2)
were identifiable upon pathologic review. In sum, 8/9 (89%) patients demonstrated
pathologic complete response or only microscopic residual disease at the time of resection.

At the time of this report, median patient follow-up stands at 3.7 years. 3 of the 8 evaluable
patients (38%) have developed recurrent disease, all in the form of distant metastases. Five
of 9 patients (56%) remain alive and disease free, with a median disease free survival of 2.6
years. Two of 4 evaluable patients (50%) who achieved a pCR remain disease free in follow-
up. Median overall survival stands at 3.2 years. Response and outcomes are summarized in
Table 4.

Discussion

Our phase | study demonstrates that vandetanib can be safely combined with an aggressive
chemoradiotherapy treatment program. A high pathologic complete response rate and
impressive median survival were observed. Although acute toxicities were not severe, 2 of 9
patients had serious surgical complications and a relationship to vandetanib exposure could
not be excluded. For future studies, we recommend a phase Il dose of vandetanib of 100 mg
daily. Consideration should be given to a longer interval between vandetanib and resection in
future studies.

Fistulous tracts between the esophageal lumen and the bronchial airways or vasculature are
uncommon complications in the setting of multimodality treatment of esophageal cancer,
although minor anastomotic leakages occur at a rate of 22—-30% following esophagectomy
with or without neoadjuvant therapy[4]. It is established that inhibition of the VEGF
pathway can result in wound healing complications[23]. In the treatment of non-small cell
lung cancer, initial trials combining radiotherapy with the VEGF-targeted antibody
bevacizumab produced several instances of tracheoesophageal fistula formation[24]. The
majority of these cases were delayed, occurring many weeks after completion of
chemoradiation. Most cases also involved instrumentation in the form of esophageal
dilatation or esophageal stent placement. Thus, while the occurrence of two serious events
related to complicating fistulas — an aorto-enteric hemorrhage and formation of a gastro-
bronchial fistula — rightfully raise concern for the development of regimens combining
VEGF inhibition with radiotherapy, the multiple factors at play prohibit firm conclusions of
causality. In our trial, these events can be clearly attributed to the tri-modality treatment
strategy, though a direct link to the addition of vandetanib cannot be made. In any case, this
would necessitate close monitoring if this regimen were to be further investigated.

Although a small trial, our study produced an encouraging rate of pathologic complete
responses (56%), substantially higher than the historic range of 21-29% [4, 25, 26]. Multiple
studies have linked achievement of a pathologic complete response to superior long term
outcomes, suggesting the potential to serve as a surrogate for treatment efficacy as PFS and
OS data mature [27-29]. There is suggestion that pathologic assessment of the extent of
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residual disease may also be predictive of long term outcome; patients who achieve either a
complete response or exhibit < 50% residual carcinoma may fare substantially better [30]. In
our study, 8 of 9 patients (89%) demonstrated a pathologic CR or microscopic disease only.
Thus far, responses have been durable, with a median disease free survival of 2.6 years and
overall survival of 3.2 years at the time of reporting.

Our study does have several limitations to consider. While these efficacy data are
encouraging, caution in their interpretation is necessary due to the small patient numbers.
Our study was designed with a primary objective of evaluating toxicity and tolerability. An
additional limitation is the generalizability of the 3-drug chemotherapy backbone we utilized
to evaluate the addition of vandetanib. Since our study’s inception, the combination of
carboplatin and paclitaxel to radiotherapy has demonstrated improved outcome as
preoperative therapy compared to surgery alone. Given the better tolerance of the
carboplatin/paclitaxel combination when compared to the older cisplatin/5-FU combination
with radiotherapy, the former has gained wide acceptance in combined modality treatment of
locally advanced esophageal cancer. As our regimen utilized a carboplatin and paclitaxel
backbone, further study would be feasible with of this combination with vandetanib and
radiotherapy. An improved toxicity profile may be observed with the administration of
weekly carboplatin or elimination of 5-FU. Finally, given the complexity of our
chemoradiotherapy backbone, it was quite challenging to definitively exclude additive
toxicity or conclude additive efficacy from the addition of vandetanib. Of relevance, a recent
trial of a neoadjuvant chemoradiation regimen incorporating infusional 5-FU, cisplatin and
weekly docetaxel attained a pCR rate of 47%, which is similar to the pCR rate observed here
[31]. However, heterogeneous populations and the histologic differences in response rate
limit cross-trial inferences.

In summary, our phase | trial demonstrated that the administration of vandetanib with a
chemotherapy regimen of infusional 5-FU, carboplatin and paclitaxel as well as concurrent
radiation therapy is feasible in the neoadjuvant setting for treatment of locally advanced
esophageal cancer. The MTD and recommended phase Il dose of vandetanib is 100 mg daily
for future studies of this combination. As toxicities are manageable with encouraging initial
efficacy data, further investigation is warranted.
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Summary

Over-expression of VEGF and EGFR is linked to worse outcomes in esophageal cancer.
The multi-targeted tyrosine kinase inhibitor, vandetanib, demonstrates potent inhibition
of VEGF and EGFR and synergizes with chemotherapy and radiotherapy. This phase |
trial evaluated the addition of vandetanib to neoadjuvant concurrent chemoradiotherapy
(5-FU, carboplatin, paclitaxel) in the treatment of Stage I1-111 esophagogastric cancers.
This strategy proved to be tolerable with encouraging efficacy. The maximum tolerated
dose of vandetanib was 100 mg daily.
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(5-Tiered Tumor Regression Grading System

TRG 1 — Absence of residual cancer and extensive fibrosis
TRG 2 — Rare residual cancer cells scattered through fibrosis

TRG 4 — Residual cancer cells outgrowing fibrosis
\TRG 5 — Absence of regressive changes

TRG 3 — Increased residual cancer cells, but with predominant fibrosis

~N

J

Figurel.
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Table 2

Patient and Tumor Characteristics (n = 9)

Characteristic | Value | Percentage (%)
Age
Median 60 -
Range 35-77 -

Performance status
0 5 56
1 4 44

Tumor Location

Middle third 1 11

Lower third 6 67

GE junction 2 22
Histology

Squamous cell carcinoma 2 22

Adenocarcinoma 7 78

Stage Grouping (Clinical)

I 3 33

1] 6 67
T Stage (Clinical)

T2 2 22

T3 7 78
N Stage (Clinical)

NO 2 22

N1 6 67

N2 0 0

N3 1 11
Grade

Gl 2 22

G2 2 22

G3 4 44

Unavailable 1 11
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