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Introduction

Metastatic melanoma is a skin cancer with a poor prognosis. It 
is the most lethal form of skin malignancy because of its aggres-
sive behavior and its ability to spread to lymphatics and visceral 
organs.1 When diagnosed early, melanoma is curable by surgery 
alone, with 80% of patients relapse-free 10 years after surgery. 
Patients with stage III melanomas and cutaneous involvement 
have a significantly worse 5-year survival (63% for IIIA and 27% 
for IIIC, respectively).1 When melanoma has spread to regional 
lymph nodes or metastasized to distant sites or vital organs, many 
conventional treatment methods such as chemotherapy and 
radiation therapy seem to contribute very little to prolonged sur-
vival.2,3 Moreover, the adverse effects of current therapies seem 
unacceptable given such poor efficacy.

Immunotherapy offers the hope of improved outcomes with 
fewer and less severe side effects. Much has been learned about 
the potential of the immune system to control cancer, and this 
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has stimulated the invention of many new therapeutic meth-
ods.4 To date however, most methods applied in clinical practice 
have had limited success in patients with melanoma.5 Currently, 
interleukin-2 and interferon-alfa 2b are the only approved 
immunotherapeutic agents for melanoma in the United States.

In situ photoimmunotherapy (ISPI), combining local selec-
tive photothermal therapy (PTT) and immunological stimu-
lation using immunoadjuvant, was proposed in 1997.6 It uses 
near-infrared laser energy to induce temperature increases in 
target tissue, killing tumor cells directly and releasing tumor 
antigens for the generation of antitumor immunity.7 Tumor 
cells swell and are disrupted due to temperature increase, releas-
ing 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. DCs pres-
ent the antigens to T cells that can induce effective immune 
responses against tumor cells. Evidence from experimental 
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had AJCC disease stage IIIB, three had IIIC and six patients had 
stage IV (Mla 1, Mlb 1 and M1c 4). All 11 patients had prior 
surgery. Three patients had received prior systemic chemotherapy 
therapy for metastatic disease, three patients had received radia-
tion therapy and two patients received isolated limb perfusion 
therapy.

toxicity. Local irritation due to application of imiquimod 
and laser irradiation was seen in all patients and was generally 
well-tolerated. table 2 summarizes the most frequently reported 
adverse events by severity. The most frequently reported adverse 
events were rash (90.9%), pruritus (81.8%), pain (54.5%), 
fatigue (54.5%), anorexia (54.5%), nausea (36.4%), weight loss 
(36.4%), fever (18.2%), chills (9.1%), vomiting (9.1%) and cel-
lulitis (9.1%). At least one grade 3 AE occurred in 25% of the 
patients, including fatigue (one patient), nausea (two patients), 
anorexia (two patients), pain (one patient), dyspnea (one patient) 
and cellulitis (one patient). The most severe side effects generally 
occurred during the first treatment cycle. Significant pain with 
the laser treatment was seen in about 20% of patients and usually 
responded to the addition of oral premedication with narcotics, 
although one patient required conscious sedation. No grade 4 AEs 
were noted in this study.

Clinical response to treatment and survival. All the treatment 
area lesions of enrolled patients responded to ISPI. All subjects 
noted substantial palliative improvement in the region of the treat-
ment site (table 3). Eight patients had complete disappearance of 
tumor from the regional lymphatic drainage area, which is defined 
as complete local response (CLR) in table 4. In this series, com-
plete response (CR) was observed in six patients. This includes two 
patients that were previously reported.15 Since one patient had his 
single systemic metastasis treated by cyberknife, the CR was not 
exclusively due to ISPI, although he has remained tumor free for 
more than a year at the time of this writing (patient 10, table 3). 
CLR was observed in the non-treatment site regional lesions solely 
as a distant, presumably immunological effect, in 4fourpatients.

There were altogether ten evaluable patients since one patient 
died of progression of myelodysplasia to leukemia (patient 9, 
table 3). Figure 1 shows the Kaplan-Meier plot of probability of 
overall survival (OS). Five patients were still alive and no indi-
cation of recurrence was observed at recent follow-up (Fig. 1). 
The median survival time could not be computed, because the 
survival distribution never fell below 50%. The probability of  
12-month OS was 70%.

The photos of one IIIC melanoma patient’s treatment area 
before, during and after ISPI are shown in Figure 2. This patient 
had failed radiation therapy as well as surgery. Figure 2a shows 
dozens of small black metastatic nodules with diameters of 1–2 mm, 
which are located on the left side of his head infiltrating the 
skin and subcutaneous tissues. The extensive acute radiation 
damage can be seen in this area. The nodules at the edge of 
lesion were irradiated by laser, in combination with the applica-
tions of imiquimod. Bullae can be seen after laser treatment. 
Figure 2b and C shows the changes of these nodules during 
the second cycle of ISPI. Figure 2d shows the disappearance of 
the nodules including those without laser irradiation after three 
cycles of ISPI.

animal models has demonstrated ISPI to be a useful modality to 
treat cancer.8-10

To facilitate immunological stimulation in the protocol of 
photoimmunotherapy, imiquimod, a unique toll-like recep-
tor agonist, was selected as the immunoadjuvant. It has been 
approved by the FDA for treatment of warts, actinic keratoses 
and superficial basal cell carcinoma.11,12 Topical imiquimod has 
demonstrated some degree of effectiveness in cases of advanced 
cutaneous melanoma, even when used as monotherapy.13,14 Its 
strong immunological stimulating effect made imiquimod a good 
candidate for use in combination with photothermal therapy.

We have previously reported two cases of metastatic mela-
noma treated by ISPI.15 These two patients, one stage IV-M1b 
and one stage IIIC, had complete responses and are still alive 
at the time of this writing. In the present study, we report pre-
liminary clinical results for the first series of eleven metastatic 
melanoma patients, including the original two patients, in terms 
of safety and efficacy of ISPI.

Results

demographics. Eleven patients were enrolled in this study 
between June 2004 and August 2008, with demographic char-
acteristics as shown in table 1. Median age was 69 years (range: 
46–87 years). Seven patients were male, and four were female. 
All patients were Caucasians and ECOG performance status of 
all patients was less than or equal to 1 at enrollment. Two patients 

Table 1. Patient demographics and baseline disease characteristics

Characteristics Number of patients

Age (years)

Median 69

Range 46–87

Sex

Male 7

Female 4

ECOG* Performance Status

0 11

1 0

AJCC** Stage

iiiB 2

iiiC 3

iV 6

M1a 1

M1b 1

M1c 4

Prior Treatment

Surgery 11

Chemotherapy 3

Radiation therapy 3

isolated limb perfusion 2
*ECOG, Eastern Cooperative Oncology Group. **aJCC, american Joint 
Committee on Cancer.
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be a sign of clinical benefit.23 Two other phase II clinical trials 
for metastatic melanoma reported the clinical efficiency of two 
different anti-CTLA-4 monoclonal antibodies, ipilimumab and 
tremelimumab.24,25 The objective response rate was 4.6% (4 of 
88 patients) using ipilimumab and 10% (8 of 84 patients) using 
tremelimumab, respectively. All these results demonstrate that 
immunotherapy still faces challenges in the treatment of late-
stage melanoma.

Although this study only included a limited number of sub-
jects with a relatively short post-treatment observation period, 
these patients fared well as a group, particularly the stage IIIC 
subjects with good initial treatment responses. Several patients 
have remained tumor free for more than 12 months. Patients in 
this group usually had small, slow growing and treatable recur-
rences, suggesting that ISPI therapy had favorably altered the 
host/tumor interaction. These specific cases strongly indicate the 
feasibility and efficacy of the combination of thermal therapy 
and immunological stimulation for the treatment of metastatic 
tumors.15

Discussion

The present study reports the preliminary clinical outcomes of 
the first series of 11 patients with advanced melanoma treated 
with in situ photoimmunotherapy. The results show ISPI to be 
a safe and useful palliative modality with a favorable toxicity 
profile compared with current methods of treatment. Less than 
30% of the patients suffered grade 3 toxicity in one or more cat-
egories, primarily on the first treatment cycle and this level of 
severity did not recur with subsequent cycles of treatment. No 
grade 4 toxicity was observed. Complete response was observed 
in six patients. All the treatment site lesions of enrolled patients 
responded to ISPI, eight of which achieved CLR. Furthermore, 
CLR was observed in the non-treatment site (regional) lesions in 
four patients. The probability of 12-month OS was 70%.

As the immune systems of cancer patients are often compro-
mised, tumor debris generated by laser photothermal therapy 
may not be sufficient to induce a potent antitumor response.16 
Additional immunological stimulations are required to invoke 
the immune system to achieve an effective and protective 
immune response against residual tumor cells. Imiquimod is a 
FDA-approved prescription medication that acts as an immune 
response modifier. In clinical practice it is commonly used for 
the treatment of certain neoplastic and infectious diseases of 
the skin, including skin cancers as well as genital and common 
warts.11,12 Imiquimod activates immune cells through a toll-like 
receptor (TLR7), which are commonly involved in pathogen 
recognition.17 Cells activated by imiquimod via TLR7 secrete 
cytokines, including interferonα (IFN-α), interleukin-6 (IL-6) 
and tumor necrosis factorα (TNF-α).18 Imiquimod can also 
induce localization and activation of Langerhans cells in treated 
skin, allowing them to subsequently migrate to local lymph 
nodes to activate the adaptive immune system.19 Natural killer 
cells, macrophages and B lymphocytes are also activated by 
imiquimod.19

Immune related adverse events (IR-AEs) were observed in 
all patients in this study. The main side-effect appeared to be 
irritation and intermittent itching in the treatment site, which 
can occasionally be intense. Nausea may be a dose-limiting 
side-effect of intense topical imiquimod therapy. The grade 3 
IR-AEs in this study, which were medically manageable, tended 
to occur in the first cycle of therapy and were reversible without 
sequelae. Previous ipilimumab studies suggested an association 
of IR-AEs with objective response.20-22 However, due to the lim-
ited number of patients, such an association was not observed 
in this study.

Lesimple et al. studied the immunologic effect of injecting 
mature peptide-loaded dendritic cells by intralymphatic and 
intranodal routes in 14 metastatic melanoma patients.23 Neither 
complete response nor partial response was observed and only two 
patients were stabilized for more than 3 months. They assumed 
that the particular type, the number and the mode of dendritic 
cells and the administration route might be the explanation for 
the limited success. The authors also thought that conventional 
oncologic criteria for clinical tumor response should be expanded 
for immunotherapy and in particular disease stabilization could 

Table 2. Summary of treatment-related adverse events

All grades Grade 3

No. of 
patients

Percent
No. of 

patients
Percent

Constitutional

Fever 2 18.2% 0 0%

Chills, rigors 1 9.1% 0 0%

Fatigue, lethargy 6 54.5% 1 9.1%

Weight loss 4 36.4% 0 0%

Cardiovascular

Tachycardia 0 0% 0 0%

Prolonged QTc* (>0.48 s) 0 0% 0 0%

Edema 0 0% 0 0%

Pulmonary

Dyspnea 1 9.1% 1 9.1%

Hypoxia 0 0% 0 0%

Gastrointestinal

nausea 4 36.4% 2 18.2%

Vomiting 1 9.1% 0 0%

anorexia 6 54.5% 2 18.2%

Diarrhea 0 0% 0 0%

Renal

increased creatinine 0 0% 0 0%

Hepatic

increased bilirubin 0 0% 0 0%

increased LDH** 0 0% 0 0%

Skin

Rash 10 90.9% 0 0%

Pruritus 9 81.8% 0 0%

Pain 6 54.5% 1 9.1%

Cellulitis 1 9.1% 1 9.1%
*QTc, QT interval corrected for heart rate. **LDH, lactate dehydrogenase.
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Table 3. Clinical characteristics of patients with melanoma and objective response

No. Age Sex
AJCC 
stage

Primary 
site

Initial meta-
static sites*

Cycles 
of 

treat-
ment

Treatment 
site 

response

Non-
treatment 

site region-
al response

Best 
overall 

response

Time to 
response 
(months)

Response 
duration 
(months)

Overall 
survival 

(months)

1 64 F
iV 

M1b
Left  

forearm

Bilateral 
lower lobe 

lung
3 CLR CLR CR 1 12 66.4

2 67 M iiiC
Left side 
of head

- 3 CLR CLR CR 4 7 64.2+

3 46 F
iV 

M1c
Back

perihilar 
region of 

lungs, liver, 
uterus

2 PLR n/a PR 1 2 8.5

4 63 F
iiiB 
n2c

Left leg - 2 PLR PLR PR 3 4 44.9+

5 60 F
iV 

M1a

Right 
frontal 
scalp

Distal skin 
site

2 CLR CLR CR 2 4 6.6

6 87 M
iiiC 
n2c

Right 
foot 

(plantar)
- 6 PLR SD SD 1 0 15.5

7 71 M
iV 

M1c
Eye Liver 1 CLR n/a PD 1 2 2.3

8 74 M
iiiC 
n3

Left 
lower 
back

- 1 CLR n/a CR 8 2 38.7+

9 84 M
iiiB 
n2c

Left foot - 1 CLR SD CR 6 1 6.0**

10 85 M
iV 

M1c
Left arm

anterior 
mediastinum

1 CLR CLR CR*** 1 8 22.5+

11 69 M
iV 

M1c
Right 

forehead
Bone, lung 1 CLR n/a CR 1 6 20.6+

abbreviations: M, male; F, female; aJCC, american Joint Committee on Cancer; CLR, complete local response; PLR, partial local response; CR, complete 
response; PR, partial response; SD, stable disease; PD, progressive disease; n/a, not available or not applicable. *in addition to skin, present at the time 
of study entry. **This patient died of progression of myelodysplasia to leukemia (unrelated tumor death). ***The metastatic lesion was treated with 
cyberknife.

Table 4. Local response criteria for evaluation of lesions

For lesions at the treatment site

Complete Local Response (CLR) Disappearance of all treatment site lesions

Partial Local Response (PLR)
at least a 30% decrease in the sum of the local disease (LD) of treatment site 

lesions, taking as reference the baseline sum LD

Progressive Local Disease (PLD)
at least a 20% increase in the sum of the LD of target lesions, taking as reference 
the smallest sum LD recorded since the treatment started or the appearance of 

one or more new lesions

Stable Local Disease (SLD)
neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for 

PD, taking as reference the smallest sum LD since the treatment started

For lesions at the regional, non-treatment site*

Complete Local Response (CLR) Disappearance of all non-target regional lesions

Progressive Local Disease (PLD)
appearance of one or more new regional lesions and/or unequivocal progression 

of existing non-treatment site regional lesions**

Incomplete Local Response/Stable Local Disease (SLD) Persistence of one or more non-treatment site regional lesion(s)
*Refers to the regional lymphatic drainage of the treatment site, but not included in the imiquimod/laser treated site. **at least a 20% increase in the 
sum of the LD of the regional lesions, taking as reference the smallest sum LD recorded since the treatment started.
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the more technologically advanced experimental modalities for 
melanoma.

In summary, ISPI, a novel immunotherapeutic modality that 
has clinical benefits for a subset of late-stage melanoma patients. 
It is well tolerated compared with other treatments for metastatic 
melanoma. These data support further clinical development of 
ISPI for advanced melanoma and other late-stage, metastatic 
tumors. In melanoma patients with cutaneous metastases, ISPI 
should be considered as a viable treatment alternative to isolated 
limb perfusion and chemotherapy and may even be the treat-
ment of choice if isolated limb perfusion is unavailable or for any 
reason is considered inappropriate for patients with stage IIIC 
melanoma.

Patients and Methods

patients. Patients were eligible if they were more than 18 years of 
age and had histologically confirmed stage III or IV melanoma 
according to the criteria of the 2001 modified American Joint 
Commission on Cancer (AJCC) staging system with at least one 
cutaneous lesion.27 All participants were required to comprehend 
and sign an informed consent form approved by the Institutional 
Review Board. Patients had to have an eastern Cooperative 
Oncology Group (ECOG) performance status of no more than 
2. Eligibility criteria also included stable hematologic, renal and 
hepatic functions. Known HIV positive patients were excluded 

Therapeutic efficacy depends ultimately on the balance 
between disease progression and the immune effect induced by 
photoimmunotherapy. The general immune system status of 
melanoma patients is likely to play an important role in deter-
mining the final treatment outcome. The immune system of late-
stage cancer patients is generally thought to be less responsive 
than early stage patients, which may help explain the disparity 
in clinical outcomes between early and late stage patients.4 Many 
patients with late-stage diseases have been treated previously with 
chemotherapy and radiation therapy, creating selection pressure 
for the development of resistant tumor cells. Previous chemo-
therapy may also attenuate or degrade the ability of the immune 
system to respond, making immune tolerance and immunologic 
escape of tumor cells more likely.26 These general considerations 
of tumor biology may explain some of the ISPI failures seen in 
this study, similar to those seen with other immunotherapies, but 
they do not preclude other mechanisms.

Patients previously treated with chemotherapy reported that 
ISPI was more tolerable with less adverse impact on quality of 
life; they generally preferred ISPI to chemotherapy. In contrast to 
chemotherapy and isolated limb perfusion treatments, ISPI can 
be used repeatedly with relative safety in patients with signifi-
cant comorbid diseases or conditions such as diabetes, advanced 
age or fragile cardiovascular status, as evidence by the observa-
tion of safety (table 2). This form of therapy can be easily made 
available through outpatient treatment facilities, unlike some of 

Figure 1. Kaplan-Meier plot of the probability of overall survival. Dotted lines are the 95% confidence interval (95% Ci) bands. Solid dots at 20.6, 22.5, 
38.7, 44.9 and 64.2 months denote times for the six patients who were still alive at the time of last follow-up. The median survival time could not be 
computed, because the survival distribution never fell below 50%. The probability of 12 month overall survival was 70%.
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Review Board, which maintains a Federalwide 
Assurance (FWA) of Compliance with the DHHS 
regulations for research involving human partici-
pants. Informed written consent was obtained from 
all patients before treatment.

in situ photoimmunotherapy. A 6-week cycle 
of ISPI was carried out for each designated 200 
cm2 treatment area with the following four steps. 
(1) Two weeks of pretreatment with twice daily 
topical applications of imiquimod (AldaraTM, 3M 
Pharmaceuticals, St. Paul, MN, 5% cream under 
plastic occlusion). (2) First laser treatment session at 
the beginning of week 2. Following local adminis-
tration of anesthetic (lidocaine 1% with adrenaline), 
hypopigmented and nonpigmented melanoma nod-
ules were injected with a solution of 0.25% indocya-
nine green (ICG) at a dose of 0.5 mL/cm3, prior to 
laser irradiation. The target lesions were then irradi-
ated with a near-infrared 805-nm diode laser (Power 
density = 1.0 W/cm2, applied for 10 min per treated 
tumor). (3) Second laser treatment session at the 
beginning of week 4, assuming that target lesions 
were still present. (4) Two weeks of imiquimod 
application after second laser session. The timeline 
for each cycle of photothermal immunotherapy 
treatment is shown in Figure 3.

assessment of safety. Weekly visits included 
adverse events (AEs) review and analysis of hema-
tology, blood chemistry and baseline coagulation. 
Toxicity was assessed according to National Cancer 
Institute Common Toxicity Criteria, version 3.0.28 
Baseline laboratory studies were performed at the 
beginning and at the end of the first treatment 
cycle.

assessment of efficacy. The primary efficacy 
parameter was the best overall response by inves-
tigator’s assessment using the Response Evaluation 
Criteria in Solid Tumors (RECIST). The best 
overall response was assessed 4 weeks after the first 
6-week cycle if only one cycle was accomplished or 
after every third cycle if multiple treatment cycles 
were carried out.

In order to evaluate the palliative local effects 
of ISPI in addition to its systemic effects, addi-
tional guidelines based on RECIST principles 
were developed for evaluating responses in the 
regional (local) lymphatic drainage of the treat-
ment sites. RECIST response criteria for tar-
get (systemic) lesions and non-target (systemic) 
lesions were extended to include similar evalua-

tions for local responses in treatment site (regional) lesions and 
non-treatment site (regional) lesions. Therefore, in addition to 
the usual RECIST criteria (CR or complete systemic response, 
PR or partial systemic response, PD or progressive systemic 
disease and SD or stable systemic disease), we applied similar 
criteria for local responses (CLR or complete local response, 

with additional exclusions for active autoimmune disease or cor-
ticosteroid dependence.

This protocol was conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice guide-
lines. The protocol was approved both by the Scientific Review 
Committee and the University of Oklahoma Institutional 

Figure 2. Photos of lesion of one patient with stage iiiC melanoma around the left ear 
treated by in situ photoimmunotherapy (iSPi). (a) Before iSPi, showing extensive acute 
radiation damage and numerous small black metastases. (B) immediately after the first 
laser treatment in the second cycle of iSPi, bullae can be seen after laser treatment. 
(C) immediately after the second laser treatment in the second cycle of iSPi. (D) all 
treatment-related ulcers have healed and the subject is free of clinically and radiologi-
cally detectable tumors after completion of three cycles of iSPi.

Figure 3. Treatment cycle of photothermal immunotherapy for late-stage melanoma 
patients. The six-week treatment cycle was carried out on a designated 200 cm2 area 
of skin and consisted of six weeks of topical imiquimod treatment started two weeks 
before the first laser treatment session. Two laser treatment sessions were performed 
for each treatment cycle at the beginnings of week 2 and 4. additional treatment 
cycles were carried out in the same treatment area or in different areas, if the response 
to the treatment is not complete.
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PLR or partial local response, PLD or progressive local disease 
and SLD or stable local disease). See table 4 for a complete 
listing of the definitions of the local responses.

Statistical analyses. This preliminary clinical trial was a 
single-center, open-label, single-arm phase I/II study in patients 
with metastatic melanoma. Survival rates with 95% confidence 
intervals were estimated using the Kaplan-Meier method.29
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