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Feature Articles

Photodynamic Therapy

Thomas J. Dougherty and Stuart L. Marcus

Photodynamic therapy (PDT) has been developed over the past decade into a useful treatment for several types
of solid cancers in man. This unique therapy requires a photosensitiser accumulated in tumours and local
activation by visible light generally delivered from lasers and delivered to the patient through various types of
fibers and endoscopes. PDT appears to be most effective in treating certain superficial, difficult to treat cancers
such as carcinoma in situ of the urinary bladder (here complete control is the intent), but also is effectively used
in bulkier tumours obstructing bronchi or the oesophagus where palliation can be achieved. The primary
mechanism of action is the in situ generation of an active form of molecular oxygen (singlet oxygen) which causes
the rapid, local onset of vascular stasis and eventual vascular haemorrhage and tumour wall destruction. This
process appears to be mediated through various cytokines such as prostaglandin, lymphokines and thromboxanes.
The ultimate clinical value of PDT will be seen over the next few years following health agency approval

worldwide.
Eur¥ Cancer, Vol. 28A, No. 10, pp. 1734-1742, 1992.

INTRODUCTION

WHILE MOST cancer deaths are a result of advanced metastatic
disease, a considerable number of patients succumb due to
inability to control local tumours (e.g. glioblastoma multiforme,
certain intraperitoneal cancers). In some cases, potentially cur-
able early stage cancers cannot be effectively treated by standard
therapy because of mitigating clinical situations (e.g. early stage
lung cancers or refractory carcinoma in situ of the urinary bladder
in elderly patients with medical conditions precluding surgery).
In still other situations, the therapeutic intent is palliation with
as little adverse reaction as possible. Photodynamic therapy
(PDT), a relatively selective, local treatment, has been examined
in all these situations in order to define its role in cancer
treatment, both for palliation and complete local tumour eradi-
cation. Several ongoing Phase III clinical trials for health agency
approval in the USA, Canada, Europe and Japan are described
below, along with clinical experience with PDT from certain
earlier Phase /Il trials.
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METHODOLOGY AND MECHANISMS

PDT requires a photosensitiser, localised with some degree
of selectivity in the solid tumour and the means for its local
activation. The latter is achieved generally by visible light
derived from a laser and directed to the site by various fibre
optics. The cytotoxic process which occurs with the porphyrin
currently in clinical trials (Photofrin, porfimer sodium) as well
as with most experimental new photosensitisers, is known as
the photodynamic process, a type II photochemical reaction:

PS+hv—PS*(1)
PS*(1)>PS*(3)

PS*(3)+0O,—»PS+03
*Q,+ T—cytotoxicity

where PS = photosensitiser, PS*(1) = excited singlet state of
PS, PS*(3) = excited triplet state of PS, hv = light quantum,
0% = excited singlet state of oxygen and T = cellular target.

In practice, the patient receives an intravenous injection of
Photofrin (1-2 mg/kg) and 24-72 h later is treated with 630 nm
light from a dye laser directed through single quartz fibers
with a variety of speciality ends. Photofrin has no apparent
pharmacological effect in the absence of light activation,
although the spleen and bone marrow in mice demonstrate
increased cellularity [1]. However, its retention in skin requires
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Fig. 1. Penetration of visible light at various wavelengths through
bovine muscle where penetration depth is the 1/e depth.

protection of patients from bright lights, especially bright sun-
light, for a period of 4-6 weeks typically. While Photofrin has
only a weak absorption band in the red region of the spectrum
(15-20 times less than its blue absorption), this band is chosen
for in vivo activation because of superior tissue penetrating
properties (Fig. 1). Dosimetry and method of light delivery are
dictated by the site and size of the tumour.

Many types of solid tumours have responsed favourably to
PDT as discussed below. One of the major advantages of PDT
appears to be the ability to use it repeatedly if necessary, to use
it as adjunct to other treatments, and in patients who have been
heavily pre-treated with other modalities.

Photofrin

Photofrin is a mixture of non-metallic oligomeric porphyrins
linked primarily through ether bonds [2, 3]. The oligomers
range in size from two to eight porphyrin units, although the
major portion appears to be trimeric (Fig. 2). A small amount
(5-10%) of haematoporphyrin (Photofrin precursor) and its
dehydration products are present as well but are not retained in
tissue and do not contribute to photosensitisation except possibly
in the short term. In mice, oligomers demonstrate a complex
serum clearance kinetics with a small fraction (<1%) retained
for several weeks. Also, most tissues high in reticuloendothelial
cells retain high levels of the drug for several weeks (e.g. kidney,
adrenals, liver [4]). Interestingly, the ratio of Photofrin in
subcutaneous transplanted mouse tumours relative to mouse
skin is near unity, while in patients with cutaneous tumours
(metastatic breast cancer, basal cell carcinoma) the tumour to
skin ratio measured by fluorescence techniques is estimated to
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Fig. 2. Structure of a porphyrin trimer—a major component of
Photofrin. R, = R, = CH(OH)CH; or CH = CH,. PH = (CH,)
2COOH. A major active component of Photofrin.
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be 5-10 [5], thus predicting a much greater selectivity in
treatment of humans than in mice which is, in fact, the case.

Light penetration into tissue

Although Photofrin is taken up by virtually all solid tumours
as well as micrometastases, the therapeutic effectiveness of PDT
is limited by the ability of the activating light to penetrate into
tissues and tumours. Interstitial light delivery fibers have partly
overcome this difficulty. Penetration of visible light into tissue
is limited primarily by light scattering and absorption with
the former dominating, except in highly pigmented tissues or
tumours, e.g. liver and melanotic melanoma. The opacity of
tissues is defined by the total attenuation coefficient, o (cm™'),
the inverse of which can be considered as a logarithmic pen-
etration depth (3, cm). Values of the exponential term 8, which
is the depth at which the incident light density (not including
reflection) falls to 1/e or approximately 37%, range from 1-2 mm
(brain tissue) to nearly 5 mm (certain tumours, muscle [6, 7]).
However, biological effects often occur at two to three times
these depths (i.e. where the light flux is 3-10% of the incident
intensity). If treatment of bulky tumour or deeper penetration
is required, multiple interstitial fibres can be used. However,
most PDT applications deal with tumours no more bulky than
that of a totally obstructing bronchus or oesophagus (5-10 mm
radius). In theory, treatment near 700-800 nm would approxi-
mately double these penetration depths, but new photosensiti-
sers need to be developed in order to accomplish this (see below).

It should be noted that while the current PDT laser systems
are based on various pumped dye lasers (continuous wave or
certain pulsed systems), new advances in diode laser technology
promise considerable simplification for PDT light delivery sys-
tems. These systems are compact, easily transportable, require
only 108 V power, and are considerably less expensive than
current PDT laser systems. Several watts of power from a diode
laser are available near 800 nm and somewhat less developed
systems can produce 2 W or more near 670 nm. There is also
some expectation that diode lasers emitting near 630 nm will
soon be available.

How does PDT work?

This discussion will focus mainly on Photofrin, since the bulk
of investigations on both pre-clinical and clinical studies have
been with this material.

Cells exposed in vitro to Photofrin for short periods of time
(min) rapidly absorb the material onto the plasma membrane
from which it can be removed readily by protein in fresh sera.
Over time, however, the oligomers are slowly internalised in an
irreversible fashion (i.e. cannot be removed by competitive
binding with proteins) [8]. As it is internalised, Photofrin is
diffusely distributed through the cytoplasm and then becomes
bound primarily to mitochondrial membranes. It has been
demonstrated that one of the earliest targets for PDT in such
cells exposed to light are, in fact, the mitochondrial-bound
enzymes such as cytochrome C oxidase and succinate dehydro-
genase [9, 10]. While there is some conflicting data in the
literature, in general, malignant and transformed cells in vitro
do not appear to demonstrate selective or higher drug uptake
than their normal counterparts, However, blastic cells such as
leukaemia cells, appear to take up more material than normal
lymphocytes and, in fact, can be selectively killed by light
treatment [11]. This information should be cautiously extrapo-
lated to the in vivo situation, however, where the vasculature
appears to be the major initial target [12-14]. Photofrin, in the
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SMT-F mammary tumour in mice is concentrated in the vascular
stroma as well as in macrophages and mast cells within the
tumour vasculiar stroma. The uptake in tumour cells is consider-
ably less than in tissue phagocytic cells. Within the vascular
stroma it is not known if most of the drug is in fibroblasts,
endothelial cells, or in macrophages and mast cells within the
stroma. The long-term retention of Photofrin in solid tumours
may relate to leaky vasculature and poor lymphatic drainage in
most tumours, allowing for relatively long exposure of tumour
cells to plasma protein bound drug (primarily bound to high
density lipoprotein and albumin) and thus longer time for
internalisation as seen in vitro. This remains to be proven,
however. What is clear is that shortly after initiation of the light
treatment (e.g. approximately 5 min into a 30 min treatment),
the vessels in the animal tumours undergo stasis followed shortly
thereafter by complete collapse and extravasation of blood cells
and fluid. If light treatment continues, similar effects occur
within the entire light field. It appears that at least for these
experimental rodent tumours, most of the tumour cells are
sublethally damaged initially and die subsequently when vascul-
ature collapse results in tumour hypoxia. For example, in the
RIF fibrosarcoma subcutaneously implanted into C;H mice
tumour cell kill is only about 70% initially (determined by
removing cells immediately after treatment and cloning for
viability), but slowly progresses to several logs of kill over the
next few hours [15]. The question of resistance or inadequate
treatment due to PDT-induced or pre-existing tumour hypoxia
has been addressed by Henderson and Fingar [16], who demon-
strated that the use of Fluosol and increased oxygen during
PDT delayed the vascular collapse and onset of hypoxia by
several hours after treatment. Thus, photodynamic action,
which requires oxygen, would take place throughout the entire
time of the light treatment and throughout the entire treatment
volume as compared to partial vascular shut down and induced
hypoxia, which sets in immediately upon light treatment. How-
ever, tumour control and cure were essentially the same as in
controls. Thus, while profound vascular effects set in early
during PDT, thus inducing partial tumour hypoxia, this has
not been shown to affect long-term tumour control in mice,
perhaps because PDT is so effective at inducing complete
tumour anoxia.

The vascular effects may be mediated by release of inflamma-
tory agents and cytokines induced by PDT. Thus, Henderson
has found that PGE; is readily released from tumour cells
undergoing PDT in vitro and is inversely related to cellular
survival [17]. Also, Nseyo, in preliminary studies of patients
undergoing PDT for bladder cancer, has detected the local
release of immunomodulators IL-2, I1.-18 and TNF-« [18], for
as long as 59 days following a single PDT treatment. This
provides a possible explanation of long-term control of this
disease in some of these patients. Tissues undergoing PDT
ultimately become infiltrated by lymphocytes, plasma cells and
histiocytes, again consistent with a possible local immunological
response [19]. Further, Fingar and Wieman have measured
various vaso-active eicosanoids (thromboxane, prostacyclin) in
the circulation of rats undergoing PDT and found that serum
levels of thromboxane were increased several fold. When the
release of thromboxane was inhibited with indomethacin, vascu-
lar PDT effects were inhibited as well [20].

FUTURE DIRECTIONS IN PDT
As indicated, Photofrin may not be the optimum photosen-
sitiser for PDT because of its persistent cutaneous photosensitiv-
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ity requiring patients to protect themselves from sunlight for
4-6 weeks and lack of a maximum tissue penetrating wavelength.,
While some cite its complex structure as a deterrent, this is of
less importance since it can be manufactured reproducibly to
exact specifications and biological activity [21]. Further, all of
the oligomers appear to have similar in vivo photosensitising
ability [21]. Numerous investigators have reported potential
new photosensitisers for PDT, all to one extent or another
intended to address these disadvantages. Benzoporphyrin
derivative mono-acid (BPD) is currently in phase I studies, and
chlorin ¢4 aspartate ester (NPeg) will be in phase I clinical trials
shortly. The former absorbs near 690 nm, which theoretically
could increase the penetration depth in tissue from 30-50%
compared with the Photofrin 630 nm wavelength, whereas the
chlorin compound absorbs near 660 nm, offering a somewhat
lower increase in penetration. However, to date, no photosen-
sitiser has actually been demonstrated to improve depth of
necrosis in experimental tumours relative to Photofrin, since
many other factors enter into this parameter e.g. concentration
of photosensitisers in tumour tissue required to achieve tumour
control (high concentrations of strongly absorbing chromoph-
ores can actually reduce the depth of the biological effect, even
at longer red wavelengths [22]), photobleaching (a property of
Photofrin which actually allows much higher light doses to be
used than would be expected, based on relative tissue levels
between tumour and normal tissue [23]), pharmacokinetics, etc.
Both BPD and the chlorins appear not to induce persistent skin
photosensitivity in mice. However, this apparent advantage
occurs due to rapid clearance from plasma, skin and other
tissues, including tumours and/or rapid metabolism to an inac-
tive form [24]. This may make it difficult to determine and
deliver an optimum light dose, which depends not only on the
delivered light dose, but on absorbed light dose, which in turn
is dependent on the tissue drug level. If this changes during
treatment, so too will the absorbed light dose. Perhaps com-
pounds of intermediate pharmacokinetics will be most useful.
For example, the zinc etioporphyrins [25], tetrahydroxyphenyl
chlorins [26], and alkyl pheophorbide ethers [27] all appear to
be retained at relatively constant levels for up to 24 h in mouse
tumours, but clear skin over a period of a few days compared to
several weeks for Photofrin. While the tetrahydroxyphenylchlor-
ins have been examined in a few patients, it will be some time
before these materials enter phase I trial in the USA. Other
compounds examined experimentally include various sulphon-
ated phthalocyanines [28], tetrahydroxyphenylporphyrins, all
absorbing in the 650-700 nm range, and naphthalocyanines [29],
sapphyrins [30], porphinones [31] and certain ether substituted
porphyrins [27] absorbing in the 700-800 nm range. Cationic
dyes such as the phenoxazines, absorbing in the 660 nm range
and which may demonstrate enhanced selectivity for uptake in
tumour cells have been studied by Cincotta ez al. [32].

CLINICAL PHOTODYNAMIC THERAPY

At the present time, controlled clinical trials are being carried
out for the purpose of product licensing in Europe and North
America using PDT with Photofrin for the treatment of endo-
bronchial lung cancer, oesophageal cancer and superficial blad-
der cancer. In Japan, these indications are also being developed,
together with the additional indications of cervical dysplasia and
early gastric cancer. Although PDT has been used to treat many
types of solid tumours [33], this brief review will focus on the
treatment of superficial bladder cancer, endobronchial cancer
and oesophageal carcinoma. A recent report of intra-operative
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PDT for intraperitoneal malignancy will also be reviewed as an
example of the potential uses of PDT in oncology.

PDT in superficial bladder cancer

Because tissue necrosis resulting from Photofrin and 630 nm
wavelength light can exceed 5 mm in certain tissues, PDT is
considered to be able to eradicate most, if not all, superficial
bladder cancer lesions extending into the mucosa or submucosal
regions (<1 mm). Ablation of superficial bladder cancer papil-
lary tumours has been attempted using front surface illumination
with either a cleaved fiber or a microlens, and has been followed
in some cases by whole bladder PDT using a spherical diffuser-
tipped fibre optic in order to ablate micropapillary and remaining
carcinoma in situ or severely dysplastic lesions. For focal therapy,
light doses of 100-200 J/cm? have been used for papillary lesions.
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The overall response rate for such treatments varied from 70 to
100%, and the results of clinical trials published in the literature
are summarised in Table 1 [18, 19, 34-45].

Although the incidence of side effects in bladder cancer PDT
is not always reported, there appears to be a general ‘post-
PDT syndrome’ characterised by irritative bladder symptoms of
urinary frequency, urgency and dysuria which is transient but
which may vary in duration from a few days to several weeks.
Studies using 15 and 25 J/cm? for whole bladder PDT have been
reported which suggest that light doses >15 J/cm? may be
associated with severe treatment toxicities.

Lederle Laboratories are currently conducting a phase III,
controlled clinical trial of whole bladder PDT for the prophylaxis
of recurrent superficial bladder cancers (papillary type). After
transurethral resection of bladder tumours (up to stage T1G3),

Table 1. Summary of published results with PDT in bladder cancer

Patient response

Therapy (lesions)
Follow-
Patients/ Description Drug dose Patient up
Reference lesions of disease (mg/kg) PDT procedures CR PR NR RE (months)
Benson [34, 35] 27/31 15-focal CIS HPD 2.5 150 J/em Flattipwith 15 0 0 8 6-32
12-diffuse microlens 12 0 0 2 (mean7)
CIS HPD 4-5 2545 J/em? Bulb diffuser 0 0 2 0
2-T, 30r48 h NS 150 to 0 0 2 0
2-T, 250 ml
Haet al. [36] 6 Transitional HPD 5 S 1 0 —* 1
cell
Hisazumi et al. 9/48 T,-T, HPD 2-3.2 150-300 mW/cm? 1
[37,38) 100-200 J/cm? 200 mI NS
<l ecm flat tip 22 6 5 —
1-2 em 4 2 3 —
2-3 em 0 1 2 —
>3 cm 0 0 1 —
Nseyo and 10/13 4T, Photofrin 2 10-69 J/cm? Bulb diffuser; 4 0 0 — 2-12
Dougherty [18] 1T, wateror NS; 0 1 0 —
6T, filling press 2 2 2 —
2T, 30-60 cm 0 0 2 —
H,0
Shumaker and 16 12°T,, Photofrin 2 <20 J/em? NS 150 Mi 7 2 0 — 624
Hetzel {19] 4T, 2 2 6-15
Tsuchiya et al. 8 T.-T, HPD2.5 120-260 J/cm? Flat tip 8 0 0 2 618
[39) GHI
Nseyo et al. 23 6T, Photofrin 2 16-200 J/cm? Bulb diffuser 4 1 1 2->12
[40, 41} 8T, Microlens or 3 3 2
8T, cylinder 2 5 1
3T, 0 1 2
1T, 0 0 1
Prout et al. 20/50 3T, Photofrin 2 5.5-10 J/cm? Bulb diffuser 3 0 0 3
[42, 43] S0T, Microlens 12 25 13
orT, 100-200 J/cm?
Harty et al. [44] 7 3T, Photofrin 2 100 J/cm? focal ~ Microlens 3 0 0 1
2T, +25 J/cm? whole Bulb diffuser 1 0 1 0
2T, bladder 1 0 1 0
Dugan et al. [45] 24 217T,,3T, Photofrin 2 12 patients Median time to recurrence 93 days—
after TUR 15 J/em? whole  Spherical observation arm
bladder Bulb diffuser
12 patients Not reached for PDT arm
observed

CIS = carcinoma in situ, NR = no response, CR = complete response, NS = normal saline, PR = partial response, RE = recurrence, TUR =
transurethral resection. Ty, T,, R,, T, = Clinical stage of bladder cancer from CIS to superficial muscle invasion.

* Data not provided.
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patients are randomised to either a single course of PDT
using Photofrin and a whole bladder light dose of 15 J/cm? or
observation. Follow-up cytologies and cystoscopies are rigor-
ously carried out every 3 months, An unscheduled interim
analysis performed after accrual of 24 patients well matched in
demography after 1 year of follow-up has revealed that the
median time to recurrence for the observation group was 93
days, but has not yet been reached for patients receiving PDT
[45]. No long-term symptomatic sequelae or bladder contraction
has been observed in the PDT-treated patients. Recent studies
have suggested that long-term prophylaxis of tumour recurrence
in PDT may be the result of macrophage and lymphocyte
stimulation within the bladder. Preliminary studies have shown
that cytokines such as interleukin-1 and tumour necrosis factor
appear in the bladder following PDT (but not TUR or infection)
and may be detected in urine as long as 4 months after PDT,
even though the patient is asymptomatic.

CIS, which is refractory to at least two courses of intravesical
chemotherapy or immunotherapy has a strong potential for life
threatening muscle or prostate invasion and subsequent or
concurrent metastasis. Such patients may have also received
radiation therapy in the course of therapy. Data from six studies
reported from 1983 to 1988 has been recently reviewed [33]. All
patients were reported to receive either Hpd (the earlier, less
pure form of Photofrin), or Photofrin, and whole bladder
radiation was given in all cases, the majority by spherical light
diffusers. Light doses varied from 45 to 10 J/cm?, and methods
of determining fluence were not standardised. Of the 47 patients
with refractory CIS reported in the literature, 46/47 (97.8%)
were reported to have a complete response (negative cytology
and/or biopsy) with follow-ups from a median of 3 to 12 months.
Due to the small numbers of patients in this series, and the
varied methods of treatment, a phase II study in North America
in this indication as an alternative to cystectomy is also being
conducted. All patients receive 2 mg/kg Photofrin, followed in
40-48 h by whole bladder PDT using a spherical diffuser-
tipped fiber optic and a total light dose of 15 J/cm?. The current
controlled clinical trials will also provide information regarding
the possible association of post-PDT side effects with (a) degree
of mucosal involvement with disease, and (b) prior type and
number of courses of intravesical therapy.

PDT in endobronchial non-small cell lung cancer

Since the early 1980’s, nearly 500 patients have been reported
in the literature with endobronchial lung cancer treated with
PDT using either Hpd or Photofrin [33]. The results of individu-
ally published studies, when compared, are remarkably consist-
ent in that local complete and partial response rates ranged from
70 to 100% [49-61], Table 2. Best results were obtained with
mucosal tumours or early (stage 0) lung cancers [49, 51, 54, 60].
Hpd was used at a dose of 2.0-5.0 mg/kg intraveneously, and
Photofrin at a dose of 2.0 mg/kg intravenously. Laser light doses
ranged from 20 to 600 J/cm?, with power intensity at the fibre
tips ranging from 20 to 800 mW. One is struck by the wide
range of light doses with which at least a partial response can be
achieved.

It is important to note that, in certain studies, patients with
very low performance status because of respiratory distress
secondary to endobronchial obstruction were treated with PDT
[61, 62]. Indeed, in the latter reference, 11/15 patients treated
had a Karnofsky Performance Status <40. None of the patients
died as a result of therapy, and 80% improved clinically,
suggesting that the modality might be safe to use in patients too
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sick to be considered for the usual clinical trial population. In
the studies, in which disease cure was the goal of therapy, follow-
up of response ranged from 3 days to 41 months, with the
average duration of follow-up approximately 12 months. The
first patients with early disease who were inoperable have been
reported surviving more than 5 years with no other treatment but
PDT [49, 63]. When symptomatic improvement or improved
operability was the therapeutic endpoint, a positive response
was noted in 106/111 patients following PDT treatment (60, 62,
64, 65].

Controlled phase III studies in North America and Europe
comparing the safety and efficacy of PDT with Photofrin with
thermal ablation by the Nd:YAG laser in the palliative treatment
of obstructing endobronchial lung cancer are in progress.

PDT for palliation of malignant dysphagia in esophageal cancer

Although PDT has been found useful for the potentially
curative treatment of early (limited to mucosa) oesophageal
adeno- and squamous cell carcinoma in various publications
[33], lack of early screening methods in North America and
Europe prompted us to pursue the use of PDT in palliation of
malignant dysphagia caused by obstructing oesophageal lesions.

Thomas et al. [66] reported on the treatment of 14 patients
with PDT for malignant dysphagia using Hpd as the photosen-
sitiser. In this study, laser light of 627-630 nm was produced
either by a continuous wave output argon pumped dye laser
(APDL), 8 patients, or by a pulsed output gold metal vapour
laser (GVL), 8 patients. Light was delivered by a cleaved fibre
within a thin-walled balloon inflated with 0.5% lipid emulsion.
4 patients had adenocarcinoma, and 12 squamous cell carcinoma.
Pailiation of dysphagia was observed in all patients, with a
median duration of response of 9.5 weeks (range, 1-28 weeks).
Complications included sunburn (3 patients), fever resolving
with antibiotic treatment (9 patients), and mediastinitis with
pleural effusions (1 patient). A laser output of >1.5 W appeared
to correlate with the development of complications. 2 patients,
both >80 years old, died after therapy, one due to cardiac arrest
and the other to pneumonia following bronchoesophageal fistula
formation. Although both patients who died had been treated
using the GVL, there is insufficient data available to determine
whether continuous wave output APDL or pulsed output GVL
laser treatments in PDT might differ in the nature or severity of
treatment-related side effects.

McCaughan et al. [67] reported on the treatment of a total of
40 patients with oesophageal tumours (19 adenocarcinomas, 19
squamous cell carcinomas and two melanomas) who had failed
conventional treatment. 4 patients were stage I, 17 stage II, 9
stage ITI, and 10 stage I'V. 28 injections of Hpd and 45 injections
of Photofrin were given. 85 PDT sessions were given, usually
on the third day post-injection, and straight tipped or cylindrical
diffusing fibres were used, both for surface and interstitial
illumination. 3 patients in stage I exhibited ‘no evidence of
disease’ status (NED). Of 35 patients who could be evaluated 1
month after the first PDT session, all were found to haave
improvement in their oesophageal and diet grades. The improve-
ment in diet was from a liquid to a soft diet. 9 patients with
complete obstruction (inability to swallow even liquids) were
treated, and the 7 who could be evaluated 1 month after
treatment were all able to tolerate oral food intake with an
average diet grade equivalent to a blenderised diet. One incident
of mechanical perforation was observed after treatment, but
was deemed unrelated to PDT by the investigator. 6 patients
developed pleural effusions, with 5 resolving without definitive



Photodynamic Therapy

1739

Table 2. Summary of published clinical studies using PDT in lung cancer

Follow- Response
Condition up
Reference Patients/lesions(no. patients) Drug (mg/kg) Method (months) CRPRNR Died Side effects
Cortese and 19/20 Resectedor  HPD S 8-34 6 7 6 9 Phototoxicity
Kinsey SC17 inoperable 2.5-5.0 cough obstruction
[47, 48]
Edell and 38/40 Resectedor  HPD S 6daysto 14 15 11 25 1° burn
Cortese [49] SC37 inoperable 2.0-5.0 56 months Hemoptysis
SCC1 Obstruction
Cylindroma 1
Fibrosarcoma
1
Hayataetal. 14/20 Early stage (1) HPD S * 1 0 0— Phototoxicity
[50] SCé6 Stage I (1) 2.54.0 01 0— 1° burn
AC2 Stage I1(0) 0 0 0—
LC3 Stage 111 (8) 1 8 0—
SCC2 Stage IV (3) 2 6 0—
Metaplasia  Metaplasia (1) 1 0 0 —
Hayataetal. 21 Early stage HPD S Photoxicity
{51, 52} SC20 Unresected (8) 1341 8 0 0 0 1° burn
LC1 Resected (5) 7-30 2 3 0 2 Possible PDT
Stage I(8) 4-41 2 6 0 4 complications
Katoeral. [53] 43/54 23 obstructed HPD S1 36-phototoxicity
SC29 Early stage (3) 2.0-5.0 30 0— 2 obstetric
pneumonia
Karo [54] ACS Stage 1 (4) 1 3 90— 2 bronchial fistula
LC4 Stage 11 (8) 0 8 00— 11/23 cleared
SCC2 Stage II1 (16) 115 0 — Obstruction
Metaplasia 2 Stage IV (10) 010 0— 6/9 pts operable
Other 1 Met (2) 2 0 0— after PDT
Keller ez al. 15 Obstructed HPD S 17 311 1 —
[55] 2.0-3.0
Photofrin
1.5-2.0
Lietal [56] 21/24 Alladvanced HPDS5.0 S 3-7 317 4 1 Fever, hemoptysis,
SC18 progression of in 8
AC2
SCC1
Vincenteral. 17 Recurrent, HPD S/ 5-210 013 4 8 Fever, pneumonia,
[537] SC11 advanced 2.5-3.0 days hemoptysis
Vincentand ACS Obstructed (mean 40) Candidiasis
Dougherty LC1 hypersecretion
[58]
Karanovetal. 12 2 Stage 11 HPDS.0 1-6 7 2 3 —
[59] 10 Stage II1

CR = complete response, SC = squamous cell, SCC = small cell, PR = partial response, AC = adenocarcinoma, S =
superficial, NR = no response, LC = large cell, I = interstitial.

*Data not provided.

treatment. Six strictures, all managed by dilatation, occurred in
5 patients. Three tracheoesophageal fistulas developed, one in a
patient with prior surgery for laryngeal cancer, and one in a
patient with tracheal invasion. 1 patient developed a third degree
burn of a 2 cm diameter area of the hand 8 weeks after Photofrin
injection and inadvertent exposure to sunlight, and 4 patients
gradually developed a discoloration of exposed skin which lasted
for several months.

Segalin et al. [68] reported recently on the treatment of 9
patients with oesophageal carcinoma using PDT with Hpd.
Mean tumour length was 5.2 cm (range, 2-9 cm). 4 of the
patients treated had severe dysphagia, and 3/4 obtained good
palliation after a single course of PDT. No complications were

observed in the PDT-treated patients. Patrice et al. [69] reported
on the treatment of 24 patients with oesophageal squamous
cell carcinoma, with PDT using Hpd, including 7 cases with
malignant dysphagia. 11 of 24 patients responded to therapy,
although as presented, the response of the patients with malig-
nant dysphagia could not be determined. The most frequent
complication, seen in 25% of patients, was painless tanning. Of
five instances of post-treatment oesophageal stenosis, four were
cured by dilatation and one required surgery. 2 patients with
complete oesophageal obstruction so advanced that a guide wire
could not be passed, rendering Nd: YAG treatment inadvisable,
were treated with PDT with successful relief of their dysphagia
{70].
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Two protocols in this treatment indication are being conduc-
i indication are being ¢conquc
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ted. In one protocol, patients with partially obstructing oeso-
phageal lesions and malignant dysphagia are randomised to
treatment with either Nd:YAG laser therapy or PDT with
Photofrin. Patients in whom a guide wire cannot be passed
(completely obstructing oesophageal lesions) are entered onto a
phase II single-arm protocol for treatment with PDT and
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Imtra-operative abdominal or thoracic PDT

PDT has been used as an adjunct to surgical resection,
for the prevention of recurrence as well as in the attempted
conversion of partial to complete surgical responses [71-74]. In
a study on 10 patients with retroperitoneal sarcomas [71],
the patients received intravenous injections of either Hpd or
Photofrin prior to laparotomy. If no extensive organ involvement

wae found durino curcerv. comnlete mimour recection wag
was IunQ quring surgery, <ompaeie umour reseciion was

attempted. Following resection, the field was illuminated with
630 nm laser light using a microlens-tipped fibre optic to a total
light dose of 30-288 J/cm?; complete surgical resection and
adjuvant PDT therapy occurred in 8/10 patients. No compli-
cations or side effects were noted except for photosensitivity.
The National Cancer Institute (NCI) of the United States

recently GCOK’[C(l ona pnasc i b(uqy of PDT with Photofrin for

disseminated intraperitoneal neoplasms [74]. 23 patients were
iniected with Photofrin 4872 h prior to lanarotomv and debulk-
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ing surgery to leave behind neoplastic nodules <5 mm in
diameter. Treatment with 630 nm laser light was given intraop-
eratively, using a dilute lipid suspension (0.02-0.05% Intralipid)
to enhance light diffusion. In situ measurement of fluence and
light dose was carried out using sterile photodiodes sown into
the peritoneal cavity. 13 patients with ovarian cancer, 8 with

wd ) grith meandamovarma maritonaii. nnderwent
afia 2 winl pdtuliViily aUliia PLiitoniil, unutliwildae

sarcomnia,
intra-operative PDT, and 5/8 patients cleared positive peritoneal
cytologies after treatment. 6 patients remained free of disease
for up to 18 months. The maximum tolerated dose of light for
PDT (up to 2.8 J/cm? was given) was felt not to be reached at
the time of this report. Studies are continuing at the NCI to
improve methods of light delivery to large areas such as the
intraperitoneai space.

Intra-operative PDT has also been used to treat pleural
At the NCI, a phase I study used PDT with

AL Ui 2 Paaase SLQy v 'L

malionancies
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Photofrin for intrathoracic treatment in patients with disease
confined to one hemithorax, with light delivered after thora-
cotomy and debulking of gross tumour to <5 mm thickness
[72]. Laser light dosimetry was performed t situ using seven
photodiodes sewn into the chest cavity. All 3 patients reported
treated were discharged 7-10 days after surgery without compli-

rotiome T gean 2t Al (721 wamnrtad th £ ¢ +h
calions. u\usxci‘l et ai. ll 5) ICpOried oil i usc Gi transthoracic

endoscopic PDT to successfully treat a patient with malignant
mesothelioma. The entire surface of the pleural cavity was
exposed to a total laser light dose of 20 J/cm?; in situ dosimetry
was performed using a probe inserted via a separate puncture
in the thoracic wall. Computed tomography revealed tumour
response, and the patient was followed-up for 10 months without
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CONCLUSIONS
Controlled, randomised, comparative clinical trials in the
treatment of superficial bladder cancer, endobronchial obstruc-
tive lung cancer, and oesophageal cancer are being carried out
to determine the efﬁcacy and safety of PDT in these indications.
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cancer b l-\v PDT are encouragine. Phase I and phase II studies
Cer 4 are encouraging. rnase 1 and pnase ia stuGies

continue in many oncological indications [33], of which intra-
operative PDT for tumours within large body cavities has been
briefly discussed. Applications for product licensing of Photofrin
and photodynamic therapy as an antineoplastic modality, to be
used alone or in conjunction with established modalities, will be
filed in certain countries during 1992.
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Clinical Oncology: Case Presentations from
Oncology Centres.
Intensive Treatment of Poor Prognosis
Gastrointestinal Lymphoma

R. Pettengell, P. W. Bishop and D. Crowther

CASE PRESENTATION
A 50-YEAR-OLD European engineer presented to his family
doctor with intermittent right hypochondrial pain, diarrhoea and

Thesce symntomes were initiallv manaoced with antacids

latharov
1 nCse sympioms were miany managec witll antacias

Rulalgy .

and simple analgesics. His past history included a laparotomy
30 years ago for duodenal ulceration, followed by pyloroplasty
and vagotomy 2 years later. Three years ago he had complained
of right upper quadrant pain but a barium enema at that time
was normal.

For 7 months his symptoms of dyspcpsia persisted He became
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developed drenching nocturnal sweats but no fever or pruritus.
He returned to his general practitioner and on abdominal
examination a right upper quadrant mass was felt.

His general practitioner referred him for upper gastrointesti-
nal endoscopy which was normal. A barium enema showed
narrowing of the hepatic flexure of the colon and was reported
as a possible lymphoma. An ultrasound examination confirmed

the presence of a solid mass in the upper abdomen.

At lanarotomv an
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He nroceeded without delav to surgerv
£i¢ proceedea without deiay 1o surgery.

advanced tumour was found at the hepatic flexure infiltrating
the right mesocolon and the root of the small bowel mesentery.
This was unresectable and a palliative ileo-transverse anasto-
mosis was performed and a biopsy sample taken. The postoperat-
ive recovery was uneventful. A preliminary diagnosis of diffuse
high grade non-Hodgkins’ lymphoma was made and the patient
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Clinical assessment
The patient was thin, with a Karnofsky performance score of
60. Multiple 2-3 cm fixed lymph nodes were palpable in the

There was no other ppanhprnl
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richt sunraclavicular fossa
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lymphadenopathy and Waldeyer’s ring was normal. The abdo-
men was distended with a 20 ¢cm X 11 cm right upper quadrant
mass. The liver and spleen were not palpably enlarged.

Staging investigations
At presentation he had a normochromic, normocytic anaemia
with 2 haemoelobin of 11.0 2/dl. His nlatelets were §32 X 109,/1,

with a haemoglobin of 11.0 g/dl. His platelets were 532 »
white blood count 6.6 x 10%1 (neutrophils 63%, lymphocytes
26%, monocytes 3%, eosinophils 7%, basophils 1%, no abnormal
cells). The erythrocyte sedimentation rate (ESR) was 18 mm/h.
Serum protein electrophoresis revealed a raised «, globulin but
immunoglobulin levels were normal. Serum vitamin B,, was
457 ng/l (normal range 140-640) and serum folate 4.1 ug/l
(2-8). Serum elecirolytes were normal but liver function was
deranged: serum alkaline phosphatase 244 U/1 (25-110), gamma
glutamyl transferase 165 U/1 (5-65) and lactate dehydrogenase
635 U/1 (200-500). Renal funcuon was normal. Bone marrow
aspirate and trephine showed normal cellularity and maturation
with reduced iron stores but no evidence of malignant infil-
tration. Examination of the cerebrospinal fluid was normal.
Diagnostic imaging inciuded radiographs of the chest, postna-
sal space and computed tomography (CT) the chest and abdo-

men. Rioht naratracheal. tracheobronchial and anterior mediae-
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tinal lymphadenopathy was evident on the chest radiograph.
Postnasal space radiographs were normal. CT confirmed enlarge-
ment of mediastinal, right internal mammary, bilateral supradi-
aphragmatic and retrocrural lymph nodes. All abdominal lymph
node groups were involved with bulky para-aortic and paracaval
nodes extending from the level of the pancreas to the aortic
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