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Abstract

Extansive studies of laser-induced fluor in rat ti « including cancer tumours
have been parformed. Coatrast enhancemant techniques have been developad which greatly
improve the ability to localize s tumour when using fluorescence from the tumour-seeking
Substance hematoporphyrin derivative (HPD). A multi-colour fluorescence imaging technique
has besa tested. A discussios of clinical applications is alsc included in this paper.

lntroduction

Uslng OV light, fluorescencs with a certsin intensity and spectral distribution can be
induced ia almost any material. This fluorescence can somatimes ba used for charactericzing
the sample. We are presently involved in a ressarch program on the utilization of laser-
ind d fluor (LIF) for gaining information on tissue. In particular, wa are in-
vastigating the possibility of dstecting malignancies in unprepared tissue as well as in
tissue which has besa subject to previous systemic injection of hematoporphyrin derivative
(HFD). It 1is well established that HPD ia selectively retained by tumour tissuel. Tha
characteristic HPD fluorescence in the red spactfal region can be used for tumour detection
¢.9. in endoscopic investigations of the lung2:d and bladder?,5. The HPO-assisted photo-
chemical destruction of tumours following irradiation with red light {630 nm) is & further
attractive possibilityl.§,

In tumour localization tha patural tissus fluorescence can be strong and varying in
spactral distribution and it is thus very important to fully utilize the spectral signature
of walignant tissue in a contrast enchancement procedurs. When HPD is used for tumour
localization it is desirable to be abla to detect tumours aven with low doses of HPD
becsuse of the photosensibilization to ambient light. With optimized spectral information
processing it might be possible to subatantially cut down the normally required 4 weeks of .
red d light P « We have studisd the spectral characteristica of HPD-Dearing tissus
of varicus kinds in extensive siperimeats on rats with induced tumours.

It would be vary cunvenisnt to be able to uss the natursl tissue fluoreacence itself for
tumour localization, and preliminery expsriments on various tissues in rats, pigs and

humans have been performed. In particular, humsn brain-, bladder- and skin tumours have
beasn investigated.

Ia cur experimsnts we have mostly used pulsed W2 lawers in conjunction with diode- array
datector techniques. Point measurements with full spsctral resolution have been perfor-
med/s® g well as multi-colour fluorescence imaging expsriments®. Furthar, a fluorescence
monitoring system for use with broachoscopes and cystoscopes has been constructed utilizing
contrast snhancement techniqueslC, Below we 9ive an ovarview of our fluorsscence studies of
different ti and di potantial rlincial spplications.

Spectroscopic Point Msasurements

Tha sst-;yp used for point measurements in tissue is shown in Fig. 1. For inducing the
fluorsacence a 3 laser, smitting 137 nm radiation, was used at a 10 He repetition rate.
Either a hamebuilt syetem with & pulse length of 10 ns or & Laser Science Model VSL=317
lassr, emitting 3 na puless was amployed. An interfersnce filter with a wavelength of 3140
hlh was used im the beam to supprass unwanted plassa lines. The light impinging on the
target had a pulse energy of sbout 10 4J in an illuminsted spot of 2-3 sm diameter. A matal
£ing that was sometimes equipped with a fluorescence-fres guartz Plats, was used for
detining the object plane. LIF passed via a firet-surface mirror through an £=15 cm quarts
lens and fllusinated the entrance slit of a Jobin-Yvon UFE-200 spectrograph with.a Tracor
Marthern TR-12231-41G intensified dioda ArTAy detector in the focal plane. The resolution
of the system was about $ nm. The entire U.V.- Vigible - near-IR spactral region was cap-
tured for sach laser pulse in the 2% mm long, 1024 slement detector. Signal averaging
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could be performed in the T 1710 main
trame and spectra with proper identification
wers storsd on floppy discs. As a fluor-
escance standard we used a 3 mm thick layer
ef Rhodamine 6G dye in water (70 ug/litrs).
All messured fluorescence intensities are
exprassed in this unit.

In our studies of MHPD~bearing ti wa

used vhite inbred female Wistar/Purth rats. A
malignant tumour on the right hind leg9 had
besn induced by local inoculation of synge-
heic tumour cells prepared from & colon
sdanccarcinona (DMH-W49)1l. At the time of
animal sacrifice and fluorescence investiga-
tion the tumours were sbout 10 mm in diameter
in some measurement series, and about 25 mm
in other ssriss. At various times before the
Investigation the rats had been injected
intravenously (v. femoralis) at a level of
normally 5 mg/kg body weight with 0.5 mg/ml
HPD sclution (Photofrin solution, ORD 1nc,
Chesktowsga, W.Y., diluted 10 tims in physio-
logical salina),

Spectra wers recorded by accumulating data
for 80 pulses. The general features are
illustrated in Pig. 2. At the top of the
Figure the fluorescence spsctrum for diluted
Photofrin solution is shown with peaks at
~610 and ~670 nm. Fig. 2b shows the spectium
from the surface of the tumour in a rat
{sxin reamoved), which had baen injected 2
days earlier with HPD. The tumour axhibitse
vecy clear HPD features. It s noted that the
first peak im ehifted to 630 nm and that the
second pesk has bacoms broadened. Normal
®uscle {on the other, unaffected leg) lacks
the HPD algnature (Fig. 2¢). In rig. 24 the
spactrum of a non-injected animal is shown.
Here some non-specific excess red fluorescen-
ce is also obtained. We always savaluate the
630 nm signal level over a smooth background
and designate measured signale as indicated
in the figure. The results of wmeasureaments of

the A signal level in Aifferent organs ara -

presented with standard deviations in Fig. 3
{Ref. 12). The investigation was performed om
snimals that had besn injected with HPD 2 b,
4 h, h, 1 day, 3 days and 4 days esarlier.
Por each organ the value for control rats (no
HPD administration) is indicated as a dashed
lina with srror bars. Each data point is
besed on measurements on -6 animals. The
Traults are in general agreement with our
previoualy published, less extensive data’,

It is observed that the flucrescence lavels
are reduced to half their original values
ovar a period of about 3 days. A significant-
ly etronger signal is obtained for the
HPD-injected rata compared with the control
values for the different tumour tissues.

Pig. 2. a)} Pluorescehca spactrum of diluted
corraction factor (full line). b) Plucrescencs

Raf. 2.)

Ogllnl. malt- r-20 x-%
analyzer Computer Recorder
Fitter—___ 1::-
sdonachramaler ]
with
dinde srray

Target  detining ring

Fig. 1. Experimental arrangement for laser~
induced fluorescence measurements in tissue.
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Photofrin solution (broken line).

Spactrum of tumour surface in a rat that had
baen injected with HPD two days earlier. Signal intensities at characteristic wavelengtha
ars denoted by A, B, C and D. ¢) Fluorescenca Spectrum of muscle on unaffected leg for the
SAlve rat as in b}. Nots that the intensity of the curve has baen reduced by & factor 2,
d) Fluorescence spectrum of & tumour in A rat that had not received
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Spactral

an HPD injection. {From
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Pig. 3. Fluorescence intsnsity A in normaliszed units
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for different rat tissues. Intensities

are shown with standard deviations at different times after the injection of HPD. Mota that
points corresponding to 2, 4 and B hours are plotted on a non-linear time scale. The
background level for non-injected rats is indicated by a broken line with error bars.

(From Ref. 12.)
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Fig. 4, Ratio of signal intensities A and B (red/blue). Tha plot has been made in a similar

way as in Fig. 3. (From Ref. 12.)
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Indeed,

Wost ilmportant, the tumour tissuas have a much highar HPD fluorsscence than the unaffected
wiscle tissue, which is tha NPD differentiat
Pig. 3 it is evident that certain rat ocgans,
ronstituents that give rise to a atrong non-HPD related A signal. Purther, some non-tumour
splaen and the intestines give a high HPD-relatsd signal,
sharpen the discrimination betwsen t
taing the shaps of the red smission band.
son-tusour tissue, and with a discrimination level of C/A 30.5,
sally falls in the same category as tumour tissus.

In the measurements it was noted that the
reakar in the rat tumour tissue than in norma
| at the blue peak st about 470 nm {peak B). Thus,
*an be enhanced by forming the ratio A/B.
tha C/A ratio, has the advantage
alibrations, is plotted
ontrol-animal ratiosll,
‘lesue is obtained as seen in the
i1so have a high A/B ratio.
+ valuas although they are known to
wpacity influence is reduced.

ioh sffect alrssdy observed in Fig.
in particular the tail skin, contain natural

umoyr and norsal tissus further by
The C/A ratio ia different for tumour tissue and
only liver tissue occasio-

blue fluorescence intensity vas considerably
Thia can be cbserved in Fig.
contrast between the two types of tissue
In Fig. 4 this ratio, which in the same wxy as
of being dimensicnless and thus jndep
for the ssme rat organs as in Fig. 3 with standard deviations and
very good discrimination between tumour and normal musclse

left part of the figure. However,
The very opaque organs like

1 muscle tisaue.

several other organs
the kidneys and the spleen have low
havs high HPD concentrationsl. In the ratioc A/3 the
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rgans accessible with an

‘ scopic techniques
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{Prom Ref. 112,)
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Bpactrally uncorrected patural
fluorescence curves for 13 types of rat
(From Ret. 13.)
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For discriminating tumour tissus from other tissue it ie desirable to form an optisum
contrast function. By carefully comparing Figs. 3 and 4 it is obssrved that incresssd
contrast can be obtained by multlplying the twg functions by each other, i.e. to form the
function AZ/B. Nom-tumour tissus with a high ; /B value has a lowar C/A value than tumour
tissua, By sstting simultanecus critaria for AZ/B and ¢/A or for A/B and C/A, tumour tissue
can be efficiently distinguished from hesalthy tissue.

Above we have discussed the HPD signature in differsnt tissues with amphasis oa the
poseibility of automatically sslscting tumcur tissue. The properties of the inner walls of
organs that are accessible by endoscopic techniques, are of spacial intersst. In_Pig. 5 the
results for such organs are pressnted both in terms of the A and the A/B valuesl2. Contrast

enhancemant techniques are clearly of gresat interest for tumoucs 9rowing on accessible
inner walils.

It is necessary to characterizs the normal tissus fluorescence as clcasly as possible,
since this fluorascence will ba the background against which tumours will be detscted. We
have made & detailed statistical investigation of this background flucrescencel3. In rig. &
typical fluorescence curves for 132 types of rat tissus are shown on tha same intensity
escals. The curves are not spectrally corrected.

He have also investigated certain human tissue samples with regard to fluorsscence. A
large number of biopsy specimens from skin tumours have been studied. The samplas were
mainly skin naevi and fibromas but basal-call carcinomas and histiocytomas wers also repre-
santed. At the presant time the number of investigated mslignant samples is too low to
allow any conclusions to be drawn. In Pig. 7 spactra from 1 differsnt human skin specimens
are shownl3, Humsn brain tumours are also being investigated. In Pig. 8 apectra of normal
and malignant brain tissve are shownl4d,

A HUMAN BRAIN TISSUES
MELIRINOMA
INT.*0.M
>
=
N
z
= >
E4 =
£ § — . M
§ E ASTROCY TOMA
w = GRADE I
a3 BENIGN SKIN g WEate
s TUMORS §
-l
@ 5
BASAL CELL
A [CARCINGMA :
T 400 500 600 700 nen
EXC. WAVELENGTH Exc. WAVELENGTH
Tig. 7. Fluorescence spectra of human skin Pig. 8. Pluor pactra of h brain
tumours {(From Ref., 13). tissue (Prom Ref. 14}.

Multi-colour flucrescence imaging

As illustrated sbove, properly treated data from LIF etudias provide valusble informa-
tion on tumours. The measurements discussed 8o far wers parformed by observing tha whols
fluorescence spectrum at selscted points in the various tiswuss. Clearly, it would be
desirable to obtain flucrescence "images* that carry the same typs of information but with
spatial resolution. The results of the first stsp along these lines are shown in Pig. 9, in
which spectra taken &t @ points {diam. 2 m&} along a straight line starting in healthy
muscle and sxtending into an induced rat tumour are shown recorded with tha sst-up shown in
Fig. 1. Evaluated signal levels are shown in the lower part of the Figure. The reduction in
blus fluorescence light in the tumour reglon is very evident. The importance of fsolating
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Fig. 10 (above). Expsrimental asrangemsent
for spatially resolved multi-cclour LIF
measurements, (Prom Ref. 9).

Fig. 9 ({left). a} Typleal flvorescence
spactrum of tumour in & rat injected with
HPD. b} Fluorescence spectra at B points
along & line extending from muscle into the
tumour. ¢) Evaluated signal levels.

the specific HPD signal, A, from the background (A°-A) ia illustrated. A rscording of the
total intensity A" shows little contrast, while the A curve sh the t r b dary. As
alrsady discussed above, further contrast enhancement is obtained by measuring the dimen-
sionless ratio A/B. Msssurements of this kind give good insight intoc tissus fluorsscance
characteristics but requirs tedious recording and data processing. In order tc make such
Ressursmants sasier wa have developsd a multi-celour flucrescence-imaging technique, in
which full contrast snhancement can.be retained in spatially resolved rapresentations?. In
Pig. 10 the #et-up is lllustrated. Using cylinder lenses, a N3 laser besm ia shaped to a 20
mu long and 1 wm wide line at the position of the cbject. The object plane is defined by a
flucrescence-fres quartz plate against which the object is placed from below, A three-
mirror arrang and a achromatic lens are used for forming thrae Individusl
images of the streak of LIF that is emitted by the object. By adjusting the mirrors the
thres images {demagnified by & factor of 4) arse put side by side, and the irtensified
linear-array detector, that was discussed above, is placed at tha thres-fold image line
position. An intetference filter Arrangement, sslecting 5-10 nm wide bands at €3G, 600 and
488 nm was placed in front of the array, allowing spatially resolved LIF to be detected in
these three bands. Although single-pulee messurements with good signal-to-noise ratio were
posaible, data wers rormally sccusulated from 50 Pulses. Becauss of the gated action of the
image intensifier fn the detactor SETANGemEnt, messcrements codld be made in full asbient
illumination. The measurement technique is illustrated in Fig. 11. Hera the image line is
Placed across a rat tumour of 10 mm diameter with a central necrosis. In this rticular
case only 0.5 mg/kg HPD was injacted 2 days before the investigation. In part (3) of the
Figure the response function of the system is shown in the different spectral bands. {The
racording was made on papesr exhibiting white fluoreecence.} The profiles result from the
lager bheam 1light distribution, sons vignetting in the lens and from the var.ation in
response along the detector. Prom the curves, multiplicative correction functions £re
detarmined, which, when applied, reduce the recorded dats to the idealized "flat™ response
curve. Raw recordings of the tumour flucorescencs are shown in (c). EZxcess red fiuorsscence
is found both In the €30 {A’) and 600 nm (D) bands, whereas the blus response (M) is more
flat. Below, curves multiplied by the correction functions are shown {(d). 1In order to
femove Lha specific HPD fluorescance, A, from the background, which is alec included in the
msasured A° curve, we subtract the D curve (600 nm), multiplied by & factor k, from the A"
curve as illustrated in (e). The valus of tha factor k is obtained by comparing lmaging
Measurements of this kind with corresponding point-wise spesctrally resclved meamuremants
for the same samples. In thae lower part of the figure (£) a comparimon batween imaging and
sequential measuremsnts of A and B is shown with quite go:'d agresment. In Pig. 12 pome
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axamples of contrast enhancement by properly subtracting 600 nm curves from 630 nm curves
Ar® shown. Although the corrsct mltiplicative factor to be used in the subtraction can be
found with the procedurs indicated above, an altarnative, wtraightforward procedure for
contrast anh t is adopted here by simply multiplying the D curve by & factor k chosen
to £it the A" and D curves in the non-tumour region. The tumour region then shows up in the
subtraction bacausa of its excess 610 nn light. In the cazes shown in the upper row of Fig.
12, 5 my/kg HPD had been injected vharsas only 0.5 wg/Xg was used for the lower-row cases

MUSOLE TUMOR

o ar

Fig. 12. Examples of contrast snhancement at
tumour edges cbtained by fitting b and A’
curves in the (distant) non-tumour region
with subsequent subtraction of the D curve.
Rats were injected by 5 mg/kg bodyweight HPD
1-1 days before the investigation for upper
row curves, and with only 0.5 mg/kg for the
lower row. (From Ref. 9.}

FLUORESCENCE INTENSITY

FLUORESCENCE AT 490 nm

4§45 wm P I S RN T Y T Y™
Ls’.ﬂ"l RED CUR}SPECTROSC, POINT MEASUREM, ~ £\
~ o/

Fig. 13, Imaging recordings of blue fluor-
escence in connection with cancer tumours on
muscle,

The blus fluorescencs has not besn utilized in any of the cases discusmsed in Pigs. 11 and
12. As we have mentioned above the blue fluorsscence decreases in the tumours investigated
hare compared with the surrounding muscle. This is illustrated in SORA sSpectra recorded
from tumours on muscle background in Fig. 13. Here tha tumour shows UP 88 A prominsnt "blue
hole®. Red and Blue information is coabined in the formation of sn A/B ratioc. a particular~
ly difficult cass is shown in Fig. 14. In this casa red as well as blue fluorescance is
strongly attehuated for the tumour because of its heavy superficiasl blood staining. The
corracted curves are given in thae upper row and the proparly subtracted curve yielding the
A distribution is shown in panel (b), Only in the A/P ratio does the tumour boundary

anmarge. Clearly, the imaging techniques discussed hers can be extended to two-dimensional
monitoring and adaptation to end pie squip t.

Endoscopic Fluorescence Equipmant

The techniques for contrast enha in o t localigation discussed in this
PAper can be adapted for practical/clinical endoscopic work. At the Lund Institute of

SS/L.LA. Vel 43 ICALED (1984)

Fig. 11, rg:ftxglrnation-. see taxtl|




nol an instrument of the general working principle described in Ref. 15 has baen
:::trumdl « A achematic disgram of the system is shown in Fig. 15. A 200 W high-pressure
mercury lamp is used (or normal sndoscope illumination as well as for viclet-light excita=-
tion Employing a rotating filter and chopper wheel, intermittent functions ars in opera-
tion. During tha whits light illumination phase a normal endoscopic function is obtained.
When the whesl is further turned an interference filtar isolates viclst~light asxcitation
and & photomiltiplier tubs is sxpossd to the fluorescence through & rfed filter. The photo-
sultipliar is then again blocked during & new white-light excitation period. In contrast to
the original versionl3, the present instrument also detects blus-green fluorescence light
during the fourth and last part of & measursmant cycle. The cycls is run at 17 Hs producing
only & slight visual flicker for the endoscopist. A microprocessor is used for .v-l.uatinq
the A"/B ratic and a charge in the pitch of an sudic-oscillator is obtained when the A°/B
ratio chanqes, a.9. becauss of the pressnce of a tumour. First tests with an Olympus
bronchoscopes ars planned.

T
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5 0 obmm
SUBTR. RED CUR

Fig. 14. Recordings of fluorescence slong a tissus line extending from muscle to bdlood-
stained tumour. 5 wg/kg bodywsight KPD was injected 1 day befors the investigation. a)
corrected fluorescence curves. b) "A® curve obtsined by subtraction of "rad® curves. c¢) A/B
ratio curve. (From Ref. 9}
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rig. 15. Fluorescenca spndoscope constructed at
the Lund Institute of Technology.
{Prom Ref. 10).

Fig. 16. Proposad computer-anhanced multi-
colour flucrescence-imaging system.
(Ret. 17).
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In many medical applications imaging Systems are desirable. An endos ic sys
fluorescence imaging has been daveloped by Profic et aLAb, 5 eo-punr-onln::rd mlyr'.lt-.:olsuo:
Huonlcme-inging system recently proposed is illustrated in Yig. 16. This instrumsnt
oparates the principles givan in Pig. 10, but it generates 2-p contrast-snhanced images.
Using a segmented spherical mirror, 4 filtered images are simultanecusly recorded with a
diocde matrix or Vidicon detector. optimum contrast functions such [
system can produce enhanced picturs a while still being imeuns
to fluctustions and non-uniformities in the illumination &8 well as to topographical
effecta in the target material. With an endoscopic adaptor such a systes squipped with a
powerful computer system should provide near raal-time information on faint fluorsacence

anamalies associsted with the pr of ..
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TISSUE DIAGNOSTICS DSING LASER-INDUCED FLUORESCENCE TECHNIQUES
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K. Svanberg® and §, Svanberg
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P.0. Box 118, 8-221 00 Lund, Swedsn

*Lund Uhivtrlity_ﬂotpllal. 8-221 85 Lund, Swveden
ABSTRACT

The fluorescence emission from tissue that is irradiated with
UV-light can be utilized for diagnostic purposes. The discrimination
betvesn tumors and mormal tissus is of particular interest., We
discuss natural tissue fluorescence as well as fluorescence dus to
injecled hematoporphyrin agents. Resulls from studiey on rats and
mice are reported, as wvall as data from human biopsy samples. The
development of clinical instrumentation for point measurements and
inaging is discussed.

INTRODUCT1ON

Fluorescence monitoring of tissue ia emerging as a promising
technique for non-intrusive real-time diagnostics, ®.g. for tumsor
localization. For some time the specific red fluorescence froa pre~
vicusly injected tumor-seeking hematoporphyrin derivative (HPD) aole-
cules has been used for such purpases. Recent progress in the field
of tumor localization using HPD is described in the Proceedings of
the First International Conference on the Applications of Photosensi-
tization for Diagnosis and Treatment:, However, even without any
agent injection tissue exhibits certain fealures in the (luorescence
spectrum that can be used for tissue characterization. Several
studies of this auto-fluorescence bhave been performed by our group®-+
and others®*, It seems that a combined use of auto-fluorescence and
HPD features s particularly usefut for tumor detection. We have
shown that an enhanced contrast betwesn tumor and surrounding muscle
can be obtained ror an exparimental rat tumor systemn by dividing the
background-free HPD fluorescence intensity by the blus tissue auto-
fluorescence® ", The tumor wvas found to ba characterized by mn  in-
€rease in the HPD signal at the same time as the blye fluorescence
decreased. Monitoring a ratio or any ather dimentionless quantity
also has imporiant advantages, in particular in endoscopic (fibar-
optic} applications:

1. Immunity to distance variations

2, lamunity to surface Lopography -

3. Immunity to variations in excitation or detection
efficiency

4. Immunity to vavelength-independent attenuation

Fluorescence measurements can be performed with point
moniloring device or wilh an imaging instrument. Recently part of the
avatlable instrumentalion has been rewieved'®, Paint monilors can
either be of filter typel®~13 5¢ can employ optical wmullichannel



analyzer techniques for full spectrum recovery’®. The simplest type
of fluorescence imaging is visual inspection of the UV-illuminated
region. Electronic images can be obtained using intensified vidicon
or diode matrix detectors'®, that detect the red fluorescencs light
in a selected passband. [n one construction background can be inter-
mittently subtracted by switching to a blue-transmitting filter:*,
Simultanecus wonitoring in several selected bands and subsequent
foraing of an optimized dimensionless contrast function is possible
using the computer-enhanced sulti-color fluorescence imaging con-
capt®-3.37

Fluorescence monitoring of tissue has nostly been . focussed on
- cancer tumor detection. An emerging application is vessel charac-
terization in connection with laser-based angioplasty*. In the pre-
sent papsr ve will mostly discuss the former application bul we will
also present some results from our first studies related Lo the
secand fisld. Recent laboratory results from rats and mice are pre-
sented as well as soms human biopsy specimen observations.

FLUORESCENCE MONITORING

Throughout this paper laser-induced fluorescence dats are pre-
sented that have been obtained with an experimental set~up of the
Lype shown in Fig. 1. In most of our studies an MNa lsser emitting
light at 337 nm has been employed, but a XeCl (308 nm) excimer laser
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Fig., 2. Auto-fluorsscence spectra . roor
of muscle fascia and skin of mou- \
ss. The full lines correspond to
live animals and the dashed ones
to dead animals, about 4 hours
sfter sacrifice. Error bars indi-
cate one standard deviation. (Ref. v v Me—
4}, - » - -

and an excimer-pumped dye laser have also been utilized. The ra-
diation is directed onto the sample by means of mirrors. Fluorescent
light is collected and directed Lo an optical multichannel analyzer
system, that captures the entire fluorescence lipht distribution for
every laser pulse. Spectra can be stored on floppy disks and be
printed out on paper. Fluorescence intensilies are measursd in teras
of a standard.

Extensive dats on the fluorescence of different Lissues of rat
at various times after the injection of HPD have been presented in
our previous papers’*®. In order to ascertain the validity of the
approach used we have compared Lthe fluorescence properties of live
tissue and the Lissue of animals that weare sacrificed a few hours
sarlior®. Clearly, it is much sasier to perform systematic fluores-
cence studies on sacrificed animals. In Fig. 2 comparative data for
nude mice, first snesthetized with chloral hydrate and then sacri-
ficed are shown. As can be seen the speciral features remain basical-
ly the same after sacrifice,

HPD molecules have their strongest absorption in the Soret band
around 405 nm. For this reason violet excitation has normally been
used to induce fluorescence. However, the contrast attainable betwesn
tumor and surrounding normal tissue for a certain injected doss of
HPD is even more important than a strong fluorascence intensity. To
enhance  the contrast we also use the blus tissue auto-flucrescencs,
wvhich also depends strongly on the excitation wavelength. We have
performed extensive studies on induced tumors in Wistar/Furth rats
using excitation vavelengths ranging from 308 to 405 na*®. In order
Lo assess the contrast, scans extending from normal tissue into the
tumor were performed. As an example such a scan for 337 nm sxcitation
is shown in Fig. 3. In the inserted spectrums the relevant signal
levels are denoted. In this scan it can be seen that by wmonitoring
the charactaristic HPD fluorescence intensity at 830 nm (A’) lov
contrast is achieved. By subtraciing the background and plotting Lhe
A level the situation is much improved. Rather than displaying a
general fall-off in the biue fluorescence intensity (B) for the tumor
Lthe intensiiy falls off in particular al the tumor edges. In an A/B
fepresentalion a high contrast is schieved and the lumor edges ars
strongly enhanced. The manual scan indicates whal would be achievabls
with an imaging system. The full material is nov being evaiuated. In
these studies we noted that a strong exposure to laser light can lead
to sample bleaching thus changing the fluorescencs characteristics.
We bhave noted that an additional peak, at about 650 nm, can b
induced in this way. Such a peak has previously besn observed and
utilized in human tumor detectjon’®.

An important aspect of tissue fluorescence characteristics is
possible guidance in asssessing radicality in surgical tumor resec-
Lion. Here the real-time capability of the fluorescence techniqus is
of particular interest. We have studied a ral brain tumor system and
find very encouraging results®, |[n Fig. 4 the results from a scan
across the tumor are shown. 337 na excitation is used in the measure-
ment on rats thal were injected with Photofrin Il three days sarlier.
We again note, that background-free HPD monitoring strongly enhances
the contrast, which is still further enhanced by normalizing to the
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blue fluorescence, which is strongly reduced for the tumor tissue. 1In
the A/B representation a contragt of about 80 ix achisved. The data
in the figure were obtsined using the low dose of 1 agfkg bodywsight
of the drug.

Recently the photodynamically more potent drug Photofrin 11 was
introduced. This agent is enriched in DHE (dihemaloporphyrin other),
vhich has been shown to be the most active porphyrin component in the
prewiously used deriviative prepared by a modified Lipson procedure
(Pwtofrin), It 1is weil known that porphyrin dimers fluoresce much
Sore  weakly than monomers. Studies on saline solutions of Photofrin
and Photofrin I1 solutions show?', that the fluorescence. is basically

. due to the monomeric “impurity” hematoporphyrin HP, and that the nore

pury substance Pholofrin Il exhibits & 3 times lover characteristic
red fluorescence. Howvever, in Lissue strong transformational proces-
##2 occur between the porphyrins. In order to svaluate the relative
merits of the two agents vith regard to tumor localization using
fluorescence vwe have performed a comparative study on Wistar/Furth
rats with inoculated tumeors®, Groups of rats vere injected vith the
same dose of the two agents in & blind test. In tissue Photofrin [}
gives rise Lo stronger specific fluorescence than Photofrin for the
vame  injected drug concentration. However, since the more pure
substance is tnjected at & reduced concentration {for cost and skin
pholosensitization reasons) it is not clear that the pure drug has an
advantage over the previous one for the detection of tumors. We also
observe a tendency towards teduced contrast for DHE since the non-
tumsr tissues seem tp yield & relatively higher specific red fluores-
cente than for HPD. Clearly, these indications have to bs further
stucied for definite sssessment,

In Fig. 5 some results from our first experiments on fluorescen-
ce characterization of vessel status sre given®>. Different samples
from a newly desceassd 85 year-old person vers studied using 337 nm
excitation. Clear spactral differences between normal artery vall and
wall modified by atherosclerotic plaque wers found including the
differences in the 550-800 nm region previocusly reported by Kittrel}
el al.4, Radiation at 337 nm has a mich lower penetration depth than
&t 400 nm, the wavelength used in Ref. 8., and this has Lo be consi-
dersd when interpreting the data, We plan to perform more extensive
studies of this kind at Qifferent excitation wavelengths,

DiISCUSSION

Fluorsscence diagnostics of tissue has an interesting potentia}
s & clinical aid both for localizing small occult cancer tumors and
for wnsuring radicality in surgical tumor reseclion. The Ffull utili-
zation of the available spectrat information is important, particy-
larly in the battle to keep the concentration of agents siso causing
ambisnt light hypersensitization at the lowest possible level. Tissue
auto-fluorescence also provides interesting possibilities outside the
tumor localizalion area. The development of poverful equipaent, in
particular with imaging capability, using exlended spectral pattern
recognition approaches seems Lo by a particular challengs.
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