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Postoperative anti-PD-1 antibody treatment to
reduce recurrence in a cancer ablation surgical
wound
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Background: Postoperative radiation and chemotherapy are routinely applied for micro-
scopic residual diseases; however, treatment outcomes are not optimal, and patients
frequently suffer from treatment-related toxicities. To search for an effective and less-toxic
adjuvant treatment for patients with high risk of recurrence, the preventive effect of anti-
programmed cell death protein 1 (PD-1) treatment was evaluated in an in vivo animal
model of post-surgical tumor recurrence.
Materials and methods: An animal model of postsurgical tumor recurrence (SCCVII tumors in
C3H mice) was established by reinoculating tumor cells (10° cells) into surgical wound of
primary tumor resection. Initial and recurrent tumors were compared by an immunohis-
tochemistry and complementary DNA microarray. Using this in vivo model, tumor recur-
rence rates were evaluated in the animals receiving anti-PD-1 treatments. Animals were
rechallenged with tumor cells, and interferon gamma secretion from spleen cells was
analyzed to determine tumor-specific antitumor immunity.
Results: FoxP3"e" cell population was significantly elevated in recurrent tumors compared
with that in primary tumors. Some immune response—related factors (granzyme F, neuronal
leucine-rich repeat protein 1, myosin heavy chain 3, and transmembrane protein 8C) showed
significant differences between primary and recurrent tumors. In this animal model, anti-
PD-1 treatments significantly suppressed tumor recurrence. Importantly, tumor induction
was significantly reduced when anti-PD-1—treated mice were rechallenged with tumor cells.
Tumor cell—specific interferon gamma production was increased in these animals.
Conclusions: Postoperative anti-PD-1 treatment significantly reduced recurrence in a cancer
ablation surgical wound in an in vivo model of tumor recurrence. Our data lay the preclinical
groundwork for the future clinical validation of adjuvant anti-PD-1 treatments in patients.
© 2017 Elsevier Inc. All rights reserved.
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Introduction

Surgical excision of tumors has been an essential thera-
peutic modality in cancer control. However, major vessels
and nerves do not allow enough safety margins in curative
surgery, particularly in head and neck cancers. This
sometimes results in remnant minimal residual disease at
the primary site, causing local recurrence.’” Although
postoperative radiation and chemotherapy are routinely
applied for these cases, treatment outcomes are not
optimal. Patients may even suffer from treatment-related
toxicities.

In addition, it has been suggested that surgery itself or
surgery-related factors may facilitate local recurrence and
metastasis progression.*” Surgical procedures themselves
could evoke damage to the surrounding tissue and induce
dissemination of tumor cells into blood and lymphatic circu-
lations.®° Moreover, elevated proangiogenic factors and
decreased antiangiogenic factors can play a role in the
recurrence of a tumor during perioperative period.'%"?
Suppression of cell-mediated immunity has also been
considered as an additive mechanism of cancer progression
after surgery.'*'*

A malignant itself could have multiple
tumor-resistant mechanisms, including local immune
escape and dysfunction of T-cell signal pathways.”® One
potential mechanism is that tumors can produce pro-
grammed death (PD)-L1 and PD-L2 protein surface mole-
cules, which engage with PD-1 receptors on T-cell surfaces
(immune checkpoint).’® Their interaction might result in T-
cell dysfunction and tumor progression.’® Various types of
solid tumors have been shown to have PD-L1 expression
with significant prognostic value.'” An early phase I trial of
anti-PD-1 antibody for a refractory solid tumor has shown a
beneficial result.®

Adjuvant treatment with an immune checkpoint inhibitor
has also been tried in several types of solid tumor.”**' A
clinical trial of postoperative adjuvant treatment with an
anti-PD-1 antibody in melanoma patients has shown that
recurrence is significantly decreased in anti-PD-1—treated
arm.” A neoadjuvant trial with anti-PD-1 antibody in head
and neck cancer patients has also demonstrated a favorable
effect in 83% of patients, without causing significant
complications.?

Even with these promising clinical evidences, clear indi-
cation for the use of immune checkpoint inhibitors to inhibit
cancer recurrence remains to be determined. For example,
conventional surgery alone has successful treatment out-
comes in over 80%-90% of patients with early-stage head and
neck cancer. Thus, more specific indications for the use of
immune checkpoint inhibitors should be investigated in
terms of cost-effectiveness. The objective of this study was to
determine the preventive effect of an immune checkpoint
inhibitor, anti-PD-1 antibody, in an in vivo animal model of
postsurgical tumor recurrence. Our specific goal was to pro-
vide preclinical evidence for future clinical trials of post-
operative anti-PD-1 treatments in patients with a high risk of
recurrence.

tumor

Materials and methods

An animal model of tumor recurrence at the surgical wound
of primary tumor resection

To establish an immune-competent animal model, syngeneic
SCCVII tumor cells and C3H/He mice were used in this study.
SCCVII cells are cutaneous, moderately differentiated, murine
squamous cell carcinomas, syngeneic to C3H mice. They were
originally isolated and cultured by Dr Herman D. Suit (Harvard
Medical School, Radiation Oncology). These tumor cells were
maintained in a humid incubator at 37°C with 5% CO, in
Roswell Park Memorial Institute 1640 medium (Invitrogen,
Carlsbad, CA) containing 10% heat-inactivated fetal bovine
serum, 2 mmol/L L-glutamine, 0.1 mmol/L nonessential amino
acids, 10 mmol/L N-2-HEPES buffer (4-[2-hydroxyethyl]-1-
piperazineethanesulfonic acid), 100 IU/mL penicillin, and
100 pg/mL streptomycin. Female C3H/He mice were pur-
chased from Orient Bio (Seongnam, Gyeonggi, South Korea) at
the age of 5 wk. The mice were acclimated for at least 1 wk
before experiments. They were housed five per cage in our
vivarium with free access to food and water on a 12:12 light/
dark cycle.

SCCVII cells (5 x 10° cells in 100-uL phosphate buffered
saline) were injected subcutaneously at the right flank of C3H/
He mice using a 1-mL tuberculin syringe with a 29-gauge
needle (Fig. 1A). Body weight and tumor size were measured
twice a week. When tumor volume reached approximately
500 mm?>, mice were anesthetized via an intraperitoneal in-
jection of ketamine (100 mg/kg). After anesthesia, an elliptical
skin incision around the tumor was made, and the entire
tumor was excised with a grossly negative resection margin.
The surgical wound was sutured after the excision, and then
SCCVII cells (1 x 10% 1 x 10% 5 x 10% or 1 x 10° cells in 100-pL
phosphate buffered saline) were reinoculated at the surgical
wound to mimic minimal residual tumors after excision of the
tumor. Regrowing tumors were harvested, and mice were
sacrificed using CO, when the tumor volume reached 800 mm?
or their body weights were diminished to 25% below their
initial body weights. The experimental protocol was approved
by our Institutional Animal Care and Use Committee
(approval no. 20150504001).

Comparison of primary and recurrent tumors

Paraffin-embedded tissue blocks of primary and recurrent
tumors were obtained. CD4 + CD25 + FoxP3"&" regu-
latory T cells (Treg) are known to be one of the key cells in
tumor-induced immune escape.””*® Therefore, we immu-
nestained tumor samples of mice with FoxP3 proteins.
Detection of FoxP3 was performed with an anti-FoxP3 mono-
clonal antibody (1:50; Abcam, Cambridge Science Park, Cam-
bridge, UK). Immunohistochemistry result was evaluated with
an image analysis algorithm; Positive Pixel Count v9 program
on the Aperio ImageScope v11.1.2.760 (Aperio Technologies,
Vista, CA). Percentage of FoxP3 antibody—stained area in
comparison with total area of the tumor was calculated using
this software. Matched paired t-test was used to analyze
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