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Abstract

We report our preliminary results of a pilot clinical trial of late-stage breast cancer patients treated
by laser immunotherapy (LIT), a local intervention using an 805-nm laser for non-invasive
irradiation, indocyanine green for selective thermal effect, and immunoadjuvant (glycated
chitosan) for immunological stimulation. Ten breast cancer patients were enrolled in this study; all
the patients were considered to be out of other available treatment options. Preliminary data of
toxicity tolerance was individually evaluated through physical exams and laboratory tests. Adverse
reactions only occurred in the area of treatment due to photothermal injury and local
administration of immunoadjuvant. No grade 3 or 4 side effects were observed. Treatment efficacy
of LIT was also evaluated by physical examination and tomography. In 8 patients available for
evaluation, the objective response rate was 62.5% and the clinical beneficial response rate was
75%. While the study is still ongoing, the initial outcomes of this clinical trial show that LIT is
well tolerated and is of great promise in the treatment of metastatic breast cancer.
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Introduction

Metastases of cancer are the major cause of treatment failure and deaths. Many approaches
such as chemotherapy, radiation therapy, hormonal therapy, and other targeted therapies have
been applied to manage metastases of cancer. However, so far, the effects of the current
modalities on metastasis are severely limited. Recently, cancer immunotherapy has made
major conceptual and technical advances.! Although there is still a long way to go, cancer
vaccines have been considered as the ultimate tool for treatment and prevention of cancer,
activating and enhancing the patient’s own immune system to recognize and destroy the
targeted tumor cells. Significant efforts have been devoted to develop vaccines that could
teach the patients’ immune system to effectively fight cancer, in the same way that it fights
an infection by germs.2 However, conventional immunotherapies so far have only achieved
limited success,3# such as the cases of interleukin-2 and interferon-alfa 2b, the only
currently approved immunotherapeutic agents for melanoma in the United States.®

Laser immunotherapy (LIT), proposed in 19975, provides a convenient and efficient way to
generate /n situ autologous whole-cells cancer vaccine, through a minimally invasive local
intervention. The protocol consisted of three major components: (1) a near-infrared laser, (2)
a light-absorbing agent, and (3) an immunoadjuvant. It is worth noting that the light-
absorbing agent may be omitted if the tumor could directly absorb enough laser energy for
the desired thermal effect. The therapy is based on two major local interactions: (1) a
selective photothermal interaction, and (2) an active immunological stimulation.”:8 A novel
immunoadjuvant, glycated chitosan (GC), was developed for immunological stimulation in
the treatment solid tumors. Local administration of GC could directly activate immune cells
and also enhance immune responses combining the released tumor antigens.® Its non-toxic
nature and immunological activity make GC a potential immunoadjuvant for treatment of
metastatic tumors.

The pre-clinical studies have shown the specific antitumor effects of LIT.10 LIT could not
only destroy the treated primary tumors but also eradicate untreated metastases at distant
sites. The survival rate of the animals treated by LIT was much higher than that of the
control group. Furthermore, these animals could resist repeated challenges with the tumors
of same origin and also escalated tumor doses.1! 12 The promising results from these
experiments indicate a bright future for the clinical application of LIT. The present study
was designed to investigate the safety and treatment effect of LIT in the treatment of late-
stage breast cancer patients.
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Patients and Methods

Patient selection

Patients were eligible if they had histologically confirmed stage I11 or IV breast cancer
according to the sixth edition of the AJCC cancer stage manual.13 Eligible patients needed
to be over 18 years old, with a life expectancy 12 weeks and to be considered not as
candidates for traditional cancer treatment modalities by their physicians. Patients had to
have an Eastern Cooperative Oncology Group (ECOG) performance status of no more than
2. Patients were required to have adequate organ functions. Known HIV positive patients
were excluded with additional exclusions for active autoimmune disease, or corticosteroid
dependence.

The treatment protocol was developed according to the Declaration of Helsinki and Good
Clinical Practice guidelines. All participants were required to comprehend and sign an
informed consent form approved by the Institutional Review Board before treatment.

Laser immunotherapy

An 805-nm laser, provided by ImmunoPhotonics Inc. (Columbia, MO), was used in this
study. The laser light is delivered by an optical fiber. A handle device is equipped at the end
of the optical fiber, which makes the power density at the surface of the skin to be 1 W/cm?.
Each targeted tumor was irradiated for 10 minutes.

Indocyanine green (ICG), obtained from Akorn Inc. (Buffalo Grove, IL), is a water soluble,
tricarbocyanine dye, which has be used in medical diagnostics, which has a peak spectral
absorption at about 800 nm. A solution of 0.25% ICG was injected prior to laser irradiation.
The formulation of glycated chitosan has been described previously.” GC of 1%
concentration was used for the treatment of breast cancer patients.

For breast cancer treatment, LIT was carried out with the following procedure: (1) Asepsis
followed by local administration of anesthetic (lidocaine 2% with adrenaline); (2) Local
injection of ICG; (3) Non-invasive laser irradiation; and (4) Local injection of 1% GC
immediately after laser irradiation. GC was injected in the center of the tumor for
immunological stimulation immediately after laser irradiation. The injection volumes of ICG
and GC were determined according to the parameters given in Table 1. Maximum total dose
of GC was 5 ml per treatment. Figure 1 shows the laser irradiation during the treatment of a
breast cancer patient.

For breast cancer treatment, the laser irradiation and administration of GC were applied with
a time interval of 4 weeks. The time line for each cycle of LIT for is shown in Figure 2.
Additional treatment cycles were carried out in the same treatment area or in different areas,
if the response to the treatment was not complete. The duration between two treatment
cycles was modified according to the local reaction of the patient treated by LIT.

Assessment of safety

Local and systemic toxicity was graded according to National Cancer Institute Common
Toxicity Criteria, version 3.0.14 Laboratory assessment and physical examinations were
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performed periodically. Adverse events were closely monitored and recorded throughout the
study period.

Assessment of efficacy

Results

Biopsies and medical imaging such as CT scan were used for the evaluation of the primary
lesions and metastasis. The primary efficacy parameter was the best overall response by
investigator’s assessment using the Response Evaluation Criteria in Solid Tumors
(RECIST).> Complete response (CR) was defined as disappearance of all target lesions,
including local breast tumors treated by LIT, untreated breast tumors, as well as the
metastases in different locations. Partial response (PR) was defined as a >30% decrease
from baseline in the sum of the longest diameter of target lesions. Progressive disease (PD)
is defined as a =220% increase in the sum of the longest diameter of target lesions or the
appearance of 1 or more new lesions. Stable disease (SD) was defined as neither sufficient
reduction to qualify for PR nor sufficient increase to qualify for PD. Reevaluation of
response was processed 6 weeks after observation of a CR, PR, or SD for confirmation.

Enrolled patients

Ten breast cancer patients were enrolled from September 2009 to August 2010 in the
Hospital Nacional Edgardo Rebagliati Martins, Lima, Peru. ECOG performance status of all
patients was less than or equal to 1 at enrollment. Each patient received at least one LIT
treatment. Two patients withdrew from this study.

The median age of the breast cancer patients was 52.5 years (36 to 85 years). Five patients
had AJCC stage Il and five patients had stage IV diseases. Three patients were diagnosed
with triple-negative breast cancer patients. Three patients had prior surgery. Seven patients
had received prior systemic chemotherapy for metastatic disease, six patients had received
radiation therapy, and five patients received hormonal therapy. Three patients did not receive
any treatment. The detailed patient information is shown in Table 2.

Safety of LIT

LIT only induced local reactions within the treatment area in breast cancer patients.
Redness, pain, edema and ulceration of the treatment area were the common adverse events
(AEs). The local thermal injuries usually recover with time, as shown in Figure 3. Each
patient experienced various degrees of pain following the laser treatment. Pain reactions
were noticeably stronger in patients that had received radiation therapy, but in most cases the
pain had subsided significantly within 48 hours. No grade 3 or 4 adverse events were
observed. In patients who had not received prior radiation therapy the swelling was minor.
For the patients who have received prior radiation therapy, the swelling was substantial with
much longer duration after LIT. Similarly, for the patients who had received radiation, the
ulceration was much more severe and it took longer to heal than for the patients that had not
received radiation therapy. The severity of these side effects was correlated with the previous
irradiation therapy history of the treatment area.
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Efficacy of LIT

All the enrolled patients received at least one LIT treatment. All the treatment area lesions of
enrolled patients responded to LIT. All these 10 patients were still alive when the paper was
written. Of the 8 breast cancer patients available for evaluation, complete response was
observed in 1 patient, PR in 4 patients and SD in 1 patient, as shown in Table 2. Best overall
response of these patients is summarized in Figure 4. In patients available for evaluation, the
objective response rate (CR+PR) was 62.5%, and the clinical beneficial response rate (CR
+PR+SD) was 75%. PD was observed in 2 patients.

All the local lesions irradiated by laser responded to LIT. In addition, metastases completely
regressed in one patient and partially regressed or became stable in another five patients. The
diameters of the metastases in lymph node, lung and liver in several patients decreased
dramatically.

One breast cancer patient achieved complete response with all the pulmonary metastases
disappeared. The patient was a 47-year-old female, who was diagnosed with stage 1V breast
cancer. She received prior chemotherapy with AC (doxorubicin/cyclophosphamide) for 4
cycles, paclitaxel for 3 cycles, capacitabine plus ixabepilone for 3 cycles, and hormonal
therapy with tamoxifen. However, she was resistant to chemotherapy and hormonal therapy.
This patient received 4 LIT treatments in total. Clinical observations before LIT showed that
the sizes of the two tumors in the right breast of the patient were 6 x 4.5 cm and 2 x 2 cm.
Pulmonary metastatic nodules were observed in bilateral lungs. Figure 5 shows the patient’s
lung CT scans before, during, and after LIT. One of the small metastatic nodules was located
in the left lung of the patient (indicated in arrow) before LIT (Figure 5-A). Two and a half
months after the first LIT treatment, the lung metastases were still at the same level (Figure
5-B and 5-C). Five months after the first LIT treatment, CT scans showed that lung was
normal without any metastasis (data not shown). Our one-year evaluation confirmed the
absence of the lung metastases (Figure 5-D). This patient is completely tumor free at the
time when this report is prepared.

Discussion

We report the preliminary clinical outcomes of the advanced breast cancer patients treated
by LIT. Ten patients with advanced breast cancer, all of whom had either responded poorly
to or could not be treated by conventional modalities, received at least one LIT treatment.
The results show that LIT is well tolerated. It only induces local reactions including pain,
edema, redness, and cellulites. No severe systemic adverse events were observed. CR was
observed in 1 patient and PR in 4 patients. Two patients had PD and one patient had SD. In
patients available for evaluation, the objective response rate was 62.5% and the clinical
beneficial response rate was 75%.

Adverse reactions of the treatment were mainly related to the photothermal effect induced
by the interaction between laser and ICG. Following each treatment, there were various
degrees of swelling and skin blistering in each patient. In most cases the blisters led to
ulceration, which were treated with topical antibiotics daily until wound closure. No severe
systemic adverse events were observed. We also noticed that there was a distinct difference
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in adverse events depending on whether the patient had received prior radiation therapy,
which was assumed to be due to the structure changes in the patients’ skin and mammary
gland induced by radiation therapy.16:17

Among the 10 patients, three are diagnosed with triple-negative breast cancer. While two of
them experienced progressive disease, we observed a partial response in one patient (No. 5
in Table 2). Although it is not conclusive, this observation indicates that LIT may be
effective to different types of breast cancer patients, regardless of the status of estrogen
receptor (ER), progesterone receptor (PR) or Her2/neu. Triple-negative breast cancer is
characterized by its unique molecular profile, aggressive behavior, distinct patterns of
metastasis, and lack of available targeted therapies.1® Recent studies show that patients with
triple-negative breast cancer have a high incidence of visceral metastasis, including brain
metastasis.1920 Although only one of the three triple-negative breast cancer patients had a
partial response to LIT, we hope this was due to the LIT treatment and more patients with
such status could benefit from this unique approach. However, much work is needed in a
larger population of patients with triple-negative breast cancer in order to confirm our
findings.

LIT is a new approach using host immune system to fight cancer cells. The strategy of LIT
is to directly destroy the tumors at the treatment site and to induce tumor-specific host
immune responses, through which residual tumor cells and untreated metastases at remote
sites can be eliminated. The LIT-treated tumors in patients serve as the sources of cancer
antigens /n situ and all the cancer antigens come from the patients’ own tumor cells, as in the
case of autologous vaccination. In comparison with conventional immunotherapy and cancer
vaccination approaches, it is the components from the whole tumor cells exposed by LIT
that directly provide the targeted immunological stimulation in the host, without any in vitro
or ex vivo processing.2! In fact, this approach allows the host immune system to select the
desirable tumor antigens, resulting in an /n sifu autologous whole-cell cancer vaccination.

Photothermal interaction between 805nm laser and ICG can induce a high temperature
increase in the target tissue, which creates a selective tissue destruction zone covering the
target tumor mass. Although this thermal reaction usually does not result in complete
destruction or total acute eradication of target tumors, it can cause tumor cells to swell and
lyse, allowing the release of antigens with the increase of temperature.22 23 These antigens
include tumor-associated antigens, thermally induced heat shock proteins (HSPs), and a
large number of self-antigens. Antigen presenting cells (APCs), particularly dendritic cells
(DCs), can capture these antigens and migrate to lymph nodes.24 They present the antigens
to T cells to induce an immune response that can be effective against specific tumor cells. As
the immune systems of cancer patients are often compromised, tumor debris generated by
laser photothermal therapy may not be sufficient to induce a potent anti-tumor response.
Additional immunological stimulations are required to invoke the immune system to achieve
an effective and protective immune response against residual tumor cells.

LIT can be combined with many other immunotherapy modalities to further improve the
efficacy.2>26.27 LT is particularly designed for the treatment of late-stage, cancer patients,
who have failed conventional treatment modalities and face severely limited options. The
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clinical outcome of this study is promising, considering the severity of these late stage
patients. The systemic effects in these cancer patients demonstrated the potential of LIT as
an effective, local, and safe intervention for metastatic cancers. It can reduce the primary
tumors and metastases of the patients with far fewer harsh side effects of the traditional
treatments.
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Fig. 1.
Laser irradiation for the treatment of a breast cancer patient.
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Fig. 2. Treatment cycle of laser immunotherapy for breast cancer patients

Laser irradiation, ICG and GC injection were performed every 4 weeks.
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Before Immediately after LIT 2 d after LIT

2.5 m after LIT 7.5 mafter LIT 9.5 m after LIT

Fig. 3.
Photos of breast lesions of 47-year-old female patient with stage IV breast cancer treated by

Laser immunotherapy (LIT).
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Fig. 4. Evaluation of clinical response of breast cancer patientsto laser immunother apy
Abbreviations: CR, complete response; PR, partial response; SD, Stable disease; PD,

Progressive disease.
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Fig. 5. CT scans of pulmonary metastatic nodulein theleft lung of 47-year-old female patient
with stage |V breast cancer treated by laser immunotherapy (LIT)

(A) CT scans of the patient taken before the first LIT treatment. A small metastatic nodule
was located in the left lung of the patient (indicated in arrow). (B) CT scans taken 1 week
after the first LIT treatment. (C) CT scans taken 2.5 months after the first LIT treatment. (D)
CT scans taken 12 months after the first LIT treatment.
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