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Chapter 6

Introduction

Photodynamic therapy (PDT) is a method for local tumour treatment, which is currently applied in several
cancers. In PDT, a photosensitising agent is administered systemically and will, with varying specificity,
localize in tumour tissue':2. Upon subsequent tumour illumination by light of an appropriate wavelength, the
photosensitiser is excited by photons to an unstable higher energy level. When returning to its ground state
energy level, the absorbed energy is transferred to oxygen, which leads to the formation of reactive oxygen
species. These reactive oxygen species are cytotoxic and cause direct tumour cell damage, vascular damage3
and possibly activation of the immune system#5. The efficacy of PDT is dependent on various parameters,
such as the interval between sensitiser administration and tumour illumination, doses of photosensitiser and
light, and pharmacological properties of the photosensitiser. As exposure of photosensitiser to light is
essential for activation, the pharmacological effect without illumination is absent. Unfortunately, the reverse
is also true: as the photosensitiser is also present in skin tissue, patients remain photosensitive for several
weeks after sensitiser administration and should avoid bright (sun)light in this period to avoid skin photo-
toxicity6.7.

The first and still most commonly used photosensitisers are porphyrin-based compounds, such as
Haematoporphyrin derivative (HpD) and its purified version Photofrin. These sensitisers are activated by light
of approximately 630 nm wavelength, which only penetrates tissue for several millimetres. PDT with these
sensitisers is very effective against superficial and luminal tumours such as cholangiocarcinoma, basal cell,
bladder and oesophagus carcinomasd-''. Photofrin was also the photosensitiser used in the first study with
PDT of experimental liver metastases in a rat model for adenocarcinoma'2. Along with tumour tissue,
surrounding normal tissue was extensively damaged, due to the poor tumour selectivity of Photofrin.

Shortly after, Purkiss et a/. further developed this technique by using multiple optical fibres interstitially’3.
Application of this technique in HpD based PDT of colorectal liver metastases in patients resulted in tumour
destruction, which was, however, incomplete and did not affect patient survival'4. This was partly due to the
limited depth of tissue penetration by light of 630 nm wavelength and the poor tumour selectivity of Photo-
frin in liver tissue, which required high drug and light dose to induce sufficient effect!s.'6,

Further pharmacological developments resulted in production of second-generation sensitisers that are
activated by wavelengths of over 700 nm, allowing deeper tissue penetration depth of up to 1 cm. Conse-
quently, these sensitisers are more suitable for interstitial treatment of solid tumours, in which light is
delivered directly in the tumour by the insertion of optical fibres. One of these sensitisers is the hydrophobic
tetrahydroporphyrin 5,10,15,20-tetrakis(/m-hydroxyphenyl)bacterio-chlorin (nTHPBC), a bacteriochlorin of
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temoporfin (Foscan®), which is used successfully in clinical treatment of head and neck cancer!'?. mTHPBC is
activated by 740 nm light and has already shown to be highly effective when compared to conventional
photosensitisers in colon tumour cell lines and animal models'8.19. A study in white pigs showed that it was
feasible to get clinically relevant lesions with mTHPBC-based PDT using interstitial optical fibres. Preclinical
work indicated that the effect of PDT with temoporfin increases with a shorter drug-light interval and with
increased drug or light doses, with optimal anti-tumour effect of illumination at 24-48 hours after drug
administration. For mTHPBC, similar results were found in rat studies20-22,

The combination of this effective sensitiser, activation by deeply penetrating light and interstitial
treatment should increase the efficacy of PDT for deeply seated, solid tumours like liver metastases.
As PDT is a minimally invasive technique that can be applied under ultrasound and CT guidance, it could be
a valuable addition to the range of treatment options available to patients with nonresectable colorectal liver
metastases. In this study, we report the results of a multicentre phase | trial into the safety and technical
feasibility of mTHPBC based PDT for colorectal liver metastases.

Patients and methods

Study objectives
The aim of this phase | study was to assess the feasibility and safety of PDT for nonresectable colorectal liver
metastases with several treatment regimens.

Patient characteristics

Between April 2000 and May 2001, 24 patients were included in this multicentre trial, with participating
centres in Germany, Croatia, UK and The Netherlands. Only patients with nonresectable liver metastases of
previously resected primary colorectal carcinoma without evidence of local disease or other distant
metastases were included. Additional inclusion criteria were a Karnofsky status of at least 60%, age over 18
years and accessibility of the liver metastases for adequate percutaneous fibre placement. Exclusion criteria
were metastases larger than 7 cm in diameter, abnormal blood coagulation (prothrombin time > 1.3 x N,
platelet count < 100 x 109/1), grade 3 or 4 alanine transaminase (ALT) or total bilirubin toxicity (Common
Toxicity Criteria of the National Cancer Institute, CTC of the NCI)23, chronic liver impairment, ascites,
treatment with either chemotherapy, radiotherapy, other photosensitising or experimental drugs 30 days
before inclusion and presence of disease which is caused or exacerbated by light. Local medical ethics
committees approved the trial and written informed consent was obtained from all patients.
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Study design

To minimize risk of damage to normally functioning liver tissue, the drug-light interval in the first group
of patients was set at 120 hours, as the ratio of photosensitiser in tumour tissue vs. normal liver tissue is
high at this time point. The first 12 patients (group A) were treated at 120 hours after administration of 0.6
mg/kg mTHPBC. As this drug dose proved to be highly effective but was associated with systemic drug-
related adverse events like skin phototoxicity, drug dose was lowered to 0.3 mg/kg for the next 6 patients
(group B). Since no adverse events occurred with this drug dose and drug-light interval and to ensure
maximum efficacy with this lower systemic drug dose, drug-light interval was shortened to 48 hours in the
last 6 patients (group C).

Administration of mTHPBC

The photosensitiser mTHPBC was administered by slow intravenous injections over a minimum of

15 minutes. After photosensitiser administration, patients were kept in a room with subdued lighting.
They received a Lux light meter with light exposure instructions to avoid skin phototoxicity (table 1).

Days Advice Maximum light meter
reading

day 1 remain in darkened room, may watch television, use light 100 Lux
bulbs of 60W or less (60W equals 100 Lux)

days 2-7 remain indoors during daylight, avoid direct sunlight, from 200 Lux (day 2) to
get out of light if skin feels prickly or burning 700 Lux (day 7)

days 8-21 remain in shaded areas when outdoors, avoid strong increase by 100 Lux each
indoor lighting, wear dark close weave clothes day

> 22 days return to normal activities, test sensitivity by holding back > 2200 Lux
of hand in sunlight for 5 minutes

Table 1. Summary of the guidelines regarding light exposure and corresponding maximum Lux doses after administration
of mTHPBC
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To monitor cardiovascular effects of drug administration, ECGs were made directly before and 1 hour after
drug administration. Vital signs (heart rate, temperature, blood pressure and saturation) were assessed
before and 4, 8, 12 and 24 hours after drug administration. To assess pharmacokinetics of mTHPBC, blood
samples were taken 1, 4, 6, 8, 24 hours and 3, 4, 5, 7, 14 and 28 days after drug administration.

Tumour illumination

For tumour illumination, 18 G needles were placed in the tumours under local or general anaesthesia under
CT guidance (figure 1). Optical fibres (CeramOptec, Bonn, Germany) with cylindrical diffuser lengths varying
between 1 and 6 cm were inserted through the needles. Continuous wave diode lasers from CeramOptec
produced laser light of 740 nm. Tumours were illuminated with 60 J/cm diffuser per single fibre application.
To shorten treatment time when treating large tumours, a fibre beam splitter with 1 to 4 ratio (ATI Optique,
Courcouronnes, France) was used to ensure simultaneous illumination with 4 fibres. Control spiral CT scans
were performed according to local protocol and assessed by both the local treating radiologist and an inde-
pendent radiologist 9 days and 1 month after mTHPBC administration and treated tumours were qualified as
being locally progressive or stable, according to the reporting criteria proposed by the International Working
Group on Image-Guided Tumour ablation24. Blood samples for haematological and biochemical parameters
(total bilirubin, alkalic phosphatase (AP), gamma-glutamyltransferase (y-GT), alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and coagulation parameters) were obtained before drug administration and
1,2,3,4,5,6, 7 and 8 days and 1 and 3 months after drug administration. Toxicity of serum enzyme levels
was graded according to CTC of the NCI23.

GB with air

Figure 1. Simultaneous placement of optic fibres into central tumour under CT guidance. a. Second pass of fibres 1 to 3,

centrally in the tumour and b. Fourth pass of needles 1 and 2, caudally in the tumour
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Statistics

Occurrence of hepatotoxicity, mTHPBC related adverse events and local tumour progression was compared
between different groups by using Pearsons' Chi-Square test, with a p-value < 0.05 considered statistically
significant.

Results

Patient and treatment characteristics

Of 24 included patients, 23 were treated with laser illumination. Laser treatment was cancelled in one patient
due to the detection of extrahepatic disease after mTHPBC administration. Mean age of patients was 60
years (range 35-78), with 13 females and 11 males. The median interval between diagnosis of primary
colorectal carcinoma and PDT was 14.5 months (range 1.5-122).

A total of 31 liver metastases (1-4 lesions per patient), with an average diameter of 3.2 cm (median 3.0
cm, range 1.2-6.8 cm) were treated by PDT. As a single optic fibre causes a cylinder of necrotic tissue
measuring 2 cm in diameter and 1-6 cm in length (depending on diffuser length), multiple applications were
in general necessary to adequately treat the entire tumour. A total of 124 fibre applications were used
(median 4 fibre applications per lesion, range 1-12) to treat these 31 metastases. A light dose of 60 J/cm
diffuser length was delivered at an intensity of 143-200 mW/cm diffuser length. Treatment time per appli-
cation varied between 300 and 460 seconds (table 2). According to varying local hospital protocols, 14
patients received prophylactic antibiotics. One-month follow-up for assessment of feasibility and safety was
completed by 21 out of 23 evaluable patients. Two patients were lost in follow-up.

n lesions tumour size treatment energy output power
(mm) time (sec) ()} (mW)
group A 15 36.5 327 186 655
group B 10 28.7 300 234 780
group C 6 28.7 300 130 433

Table 2. Average tumour size, treatment time, total delivered energy and output power for tumours in groups A, B and C
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Pharmacokinetics of mTHPBC

After initial increase of mTHPBC plasma concentration in the first 24 hours, mTHPBC levels in both dose
groups decreased to 50% of maximum value at 2 days after administration (figure 2). At 14 days after
administration, mTHPBC was hardly present in plasma anymore. Both in the 0.6 mg/kg and in the 0.3 mg/kg
dose group, concentration of mTHPBC was highest at 6-8 hours after drug administration (figure 3).
mTHPBC plasma concentration was higher in the 0.6 mg/kg dose group than in the 0.3 mg/kg dose group, a
difference that was significant at all time points within 6 days after drug administration (p < 0.01). At 7, 14
and 28 days after administration, there was no significant difference between both dose groups anymore.
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Figure 2. mTHPBC concentration (ng/ml) in plasma from patients in group A (0.6 mg/kg, n=12) and in groups B and C (0.3
mg/kg, n=12) from 0 to 24 hours after mTHPBC administration, * p < 0.01 for 0.6 mg/kg mTHPBC group versus 0.3 mg/kg
mTHPBC group
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Figure 3. mTHPBC concentration (ng/ml) in plasma from patients in group A (0.6 mg/kg, n=12) and in groups B and C (0.3
mg/kg, n=12) from 0 to 28 days after mTHPBC administration, * p < 0.01 for 0.6 mg/kg mTHPBC group versus 0.3 mg/kg
mTHPBC group and B

Toxicity of mTHPBC
Intravenous administration of mTHPBC was accompanied by pain and tingling in 7 patients (29%), which was
independent of injection duration (table 3). In the days following mTHPBC administration, 10 patients (42%)
developed a transient phlebitis of the injection vein. Hyperpigmentation of the injection arm was seen in 4
patients, in two of whom residual hyperpigmentation remained. Occurrence of these mild (n=18) to
moderate (n=5) adverse events was mTHPBC dose-related, as they were observed significantly (p < 0.05)
more often in the 0.6 mg/kg group than in the 0.3 mg/kg groups (table 3).

Due to skin photosensitivity, moderate hyperpigmentation, other than of the injection arm, occurred in
two patients. Three patients suffered mild sunburn after excess light exposure in the first week (n=2) or in
the third week (n=1) due to insufficient adherence to light instructions. One of these patients also suffered
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two mild oxymeter burns during laser treatment. No hepatotoxicity occurred following mTHPBC admini-
stration, nor was there an effect on vital signs. ECG readings remained stable after mTHPBC administration.

0.6 mg/kg 0.3 mg/kg total (%)
mTHPBC administration pain or tingling 7 (29%)* 2 (8%) 9 (38%)
phlebitis of injection vein 8 (33%)* 1 (4%) 9 (38%)
hyperpigmentation arm 5(21%) 0 (0%) 5(21%)
Skin photosensitivity sunburn 3 (13%) 0 (0%) 3 (13%)
hyperpigmentation 2 (8%) 0 (0%) 2 (8%)
oxymeter burn 1 (4%) 0 (0%) 1 (4%)

Table 3. Clinical adverse events following administration of mTHPBC in 24 patients, with * p < 0.05 for 0.6 mg/kg patient

group compared to 0.3 mg/kg group

Safety and feasibility of tumour illumination

In all patients, lesions could be treated with interstitial tumour illumination. A severe adverse event occurred
in one patient: bleeding of the treated liver metastasis during treatment, that recovered fully and without
lasting effects. Two other patients suffered moderate adverse events from tumour illumination: in one
patient, a lesion of the skin surrounding the fibre insertion site (& 5 cm) was seen after treatment, that
recovered over the course of several months and in an other patient damage of the pancreas was caused
while illuminating an adjacent tumour, without clinical symptoms or biochemical abnormalities.

Other adverse events related to tumour illumination were (1) experience of abdominal and/or fibre
insertion site pain (n=_8) (2) appearance of pleural fluid (n=2) and (3) pyrexia (n=3) (table 4). All these events
were graded as mild (n=9) or moderate (n=4). Karnofsky performance status remained stable throughout
treatment except in one patient, who experienced pain, elevated temperature and a skin lesion at fibre
insertion site after treatment.

Within 48 hours after tumour illumination, one or more liver enzymes were increased in 21 patients.
Hepatotoxicity was not clinically significant and transient, as at 1 month all values had returned to pre-PDT
levels. Occurrence of hepatotoxicity was not related to drug-light interval or mTHPBC drug dose (table 5) as

97



Chapter 6

there were no significant statistical differences between groups regarding hepatotoxic levels of y-GT,
bilirubin, AP, AST and ALT. Tumour illumination had no effect on coagulation parameters.

adverse event n (%)
Laser treatment pain 8 (35%)
pyrexia 3 (13%)
pleural fluid 2 (7%)
bleeding into liver metastasis 1 (4%)
PDT lesion insertion site 1 (4%)

Table 4. Clinical adverse events following laser therapy in 23 patients

group A (n=12) group B (n=6) group C (n=6)
grade | 1 2 3 4 1 2 3 4 1 2 3 4
y-GT 54) 0 o¢(7) O 1 1 o¢(7) O 2(1) 0@2) O 0(7)
bilirubin 3 0 0 0 1 1 0 0 0 0 1 0
AP 4 0 0 0 3 0 0 0 0¢7) 0¢7) 0(1) O
ALT 3 3 4 0 1 0 2 0 4 0 o¢(7) O
AST 2 4 4 0 0 1 2 0 4 1 1 0

Table 5. Hepatotoxicity graded according to CTC of the NCI in groups A, B and C within 48 hours of laser illumination. Italic

numbers in brackets indicate patients with pre-existing hepatotoxicity

Anti tumour efficacy

Adequate necrosis was induced in 30 of 31 treated lesions, as shown by the absence of contrast enhance-
ment in treated lesions on CT scans performed at 4 days after PDT (figure 4; table 6). At 1 month after PDT,
all lesions in patient group B were stable. In group A, 13 out of 15 treated lesions were stable (87%), 2
lesions in 2 different patients were locally progressive. In group C, 4 of 6 treated lesions were stable (66%)
and 2 lesions showed local tumour progression (33%) (table 6). Although there was a trend indicating that
lesions in group C did worse than those in groups A and B, these differences were not significant.
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Figure 4. CT scans showing large central tumour at 6 days before PDT (a), 5 days post-PDT (b), 3 weeks post-PDT (c) and 3
months post-PDT (d). Initially, a large area of necrosis at the site of the tumour is induced, that gradually decreases in time,
with no viable tumour tissue left at 3 months after PDT

group n lesions necrosis lesion status 1 month post PDT
stable progressive

A 15 14 (93%) 13 2

B 10 10 (100%) 10 0

C 6 6 (100%) 4 2

Table 6. Induction of tumour necrosis and lesion status at 1 month after PDT

99



Chapter 6

Discussion

Our study showed interstitial PDT with mTHPBC to be a safe and feasible treatment of deeply seated liver
metastases. Adequate tumour necrosis was induced in 30 of 31 treated lesions, with 84% of lesions showing
no signs of local tumour progression at 1 month after PDT. No severe complications occurred. Two patients
in our study inadvertently suffered PDT damage of pancreas respectively fibre insertion site. Visual confir-
mation of correct fibre placement and adequate control of laser treatment may help to avoid this damage to
adjacent organs and tissues. Although skin photosensitivity reactions were reduced to a minimum by de-
creasing the sensitiser dose to 0.3 mg/kg, patients should be made well aware of the risk of light exposure
as skin remains photosensitive for several weeks after intravenous administration®.25.26, The disadvantage of
skin photosensitivity has a pronounced impact on patients' daily routine, especially in sunny seasons.

A recent study by Lustig et al. also showed PDT for solid tumours to be feasible and safe2?. In this phase
| study, talaporfin sodium was used for PDT of 21 solid tumours from various origins. Talaporfin sodium is
activated by 664 nm wavelength light and therefore does not penetrate tissue quite as good as mTHPBC, but
it has the advantage of a very short drug-light interval, as tumours can be treated at 1 hour after i.v. admini-
stration. In this study, tumours were not illuminated by laser but by using newly developed light-emitting
diodes that can be percutaneously inserted in the tumour, enabling tumour illumination for a prolonged time
period (up till 664 minutes in this study)28. Although these new sensitisers and techniques greatly facilitate
treatment of solid tumours, PDT should at present not be used for tumours > 7 cm. As the diameter of
necrosis induced by one fibre does not extend beyond 2 cm, several fibre insertions are necessary to treat
large tumours, with an increased risk of inadequate placement. An associate problem is the lack of real-time
visualization during PDT as the necrosis caused by PDT is not immediately present, but develops in time till
after 48 hours the maximum effect is reached'8. As the efficacy of PDT is largely dependent on the induction
of a necrotic lesion that exceeds the tumour in size, the correct placement of fibres is essential. To do so
without real life imaging requires skills and experience and, as there is limited earlier experience with this
technique, a learning curve element in this study must not be underestimated.

Other local ablative techniques used in treatment for colorectal liver metastases include radiofrequency
ablation (RFA) and laser-induced thermotherapy (LITT). In RFA, needle electrodes deliver a high frequency
alternating current to the tissue, causing hyperthermia of the tissue and thus inducing coagulative necrosis.
Currently, RFA is an established therapy and has resulted in complete response rates of 52-95%29.30, |t can
offer palliation by prolongation of disease-free and overall survival to respectively 50% and 94% at 1 year3!
and possibly even curation, although at present the limited follow-up time in most studies does not allow a
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meaningful determination of survival rates. In LITT, a laser applicator delivers light energy through optical
fibres, resulting in coagulative necrosis. Studies have shown tumour responses up to 97% after 6 months,
with median survival ranging from 32 to 39 months32-34,

The main advantage of PDT, RFA and LITT is their feasibility in patients that are not eligible for resec-
tion, which is still considered the gold standard therapy for colorectal liver metastases. In addition, they can
be applied percutaneously and may be repeated if necessary. PDT may however be specifically suitable for
those patients with liver metastases in the vicinity of large vessels. Blood flow in vessels near the treated
tumour has a cooling effect on thermal-energy based treatments like RFA and LITT, preventing tissue from
reaching a sufficiently high temperature (>60°C) to be irreversibly destructed3s. Photodynamic therapy
however is not compromised by this heat-sink effect, as the effectiveness of this minimally invasive local
technique is not dependent on the generation of heat, but on the generation of reactive oxygen species.

If an open procedure, in which a Pringle manoeuvre could be performed to prevent this effect, is contra-
indicated or otherwise undesirable, percutaneous PDT could be a very useful therapeutic option.
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